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Foreword

This book is about wetlands in their broadest sense—as places of water on land, and 
where water shapes the land. And it is about health in its richest sense—the well-
being of people, beyond ill-health or the absence of disease. In some parts of the 
world these two domains of human thought and existence tend to be separated, into 
‘environment’ and ‘health’ disciplines and sectors. They only come together when 
the environment impinges on humans, like an infectious disease, requiring that the 
environment be manipulated to avoid such possibilities.

We can’t continue to see the world, and our relationships with it, like that. In 
this book we adopt an ecosystem approach to human health, which starts from the 
premise that Earth systems are foundational for human societies and the well-being 
of people; the two are interdependent. This is much more like an Indigenous world-
view where people, the land and the water are together.

To do this we bring together two concepts—from health promotion we recog-
nise the valuable ‘settings’ approach, first enunciated in the Ottawa Charter (WHO 
1986). The ecological and systems-based perspectives in this approach can be 
drawn upon to be much more explicit about the ecosystem, in this case the wetland, 
as the ‘setting’ in which people “take care of each other, our communities and our 
natural environment” (see Parkes and Horwitz 2009). The setting includes the in-
stitutional and governmental aspects required to deliver health services, to address 
health inequalities, and to intervene for public health.

From ecological economics we have recognised the ‘ecosystem services’ ap-
proach, which starts from the assumptions that main stream market economics ex-
ternalises the environment, that we take it for granted, and that we do so at our peril. 
The ultimate ecosystem service is the availability of water, a chemical compound 
essential for life. Draining a wetland to avoid mosquito breeding and the transmis-
sion of disease, or damming a river to avoid the miserable effects of flooding, at 
best makes the calculated trade-off to deliver a net benefit; at worst it deprives local 
people of essential ecosystem services. Either way, the consequences may be more 
severe than the original problem conceived.

Examining ecosystem services provides analysts with a more effective way to 
communicate with decision-makers, with the potential for enhancing planning, 
implementation and assessment efforts for integrated land and water management 
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(UNU-IHDP 2014). Ecosystem services can also be more clearly linked to aspects 
of human well-being like health, security, good social relations and basic materials 
for good life (see Millennium Ecosystem Assessment 2005).

The book draws from the examples given in the Ramsar Convention on Wet-
lands’ technical report Healthy Wetlands Healthy People (Horwitz, Finlayson and 
Weinstein 2012), and goes beyond; the organisation of chapters is more clearly 
related to the ways in which wetlands as settings contribute to human health. Chap-
ters 3–8 deal with wetlands as playing a critical role in food security and provision 
of medicinal products, wetlands as sites of exposure to infectious diseases or their 
vectors and toxic materials, and wetlands as places for livelihood and lifestyle con-
tributions to human well-being. Chapter 9 demonstrates how a wetland can become 
the setting in which natural disasters are concentrated and their consequences for 
human well-being are addressed by societal responses and preventative actions. 
Chapters 10 and 11 follow, firstly by examining the ways in which the public sector 
in general, and the health sector in particular, might intervene to enhance human 
well-being by addressing the erosion of ecosystem services in wetlands, and sec-
ondly by arguing for specific human health guidance for wetland managers.
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Preface

Wetlands provide a wonderful wealth of ecosystem services and benefits to people, 
of which many are linked to human health and well-being, including water pro-
vision and its purification, resilience to climate change, storm protection, erosion 
prevention and food provisioning, among others. Wetlands are also crucial to the 
livelihoods and subsistence of communities, as they are central to the provision 
of food and water security. For example, wetlands can serve as nurseries for fish, 
provide crops, such as rice and timber, and recharge groundwater supplies. They 
can also be sources of spiritual renewal, leisure, tourism and recreation. As a result, 
degradation of the quality or ecological character of wetlands is often linked to a 
decrease in these benefits and services to people, and in turn the well-being and 
health of those who depend upon them.

Wise use of wetlands, which is their maintenance through the implementation 
of ecosystem approaches, supports sustainable development and is central to the 
health of wetlands and the health of people. “Healthy people, Healthy wetlands” 
should be a mantra for our modern world.

Recognizing this important relationship, the Conference of the Contracting Par-
ties of the Ramsar Convention has adopted a number of Resolutions relating to 
wetlands and human health, such as Resolution X. 13, the Changwon Declaration 
on human well-being and wetlands. The Declaration calls for including the inter-
linkages between wetlands and human health as key components of national and 
international policies, plans and strategies in light of the significant health benefits 
that wetlands provide to people.

The most recently adopted Resolution on this matter is Resolution XI. 12, Wet-
lands and health: taking an ecosystem approach, builds on Ramsar Technical Re-
port No. 6 on Healthy wetlands, healthy people: A review of wetlands and human 
health interactions, and calls for the promotion and delivery of an ecosystem ap-
proach to healthy wetlands and their catchments with proposals for integrated meth-
odologies and actions across relevant sectors.

In this light, this book explores the complexities of the relationships between 
wetlands and humans, through a general treatment of ecology-health issues for the 
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wetlands and public health sectors. Furthermore, this book seeks to further build on 
the strong message that degrading or converting wetlands, thus stopping them from 
delivering their services, can have serious adverse effects on human health.

Christopher Briggs
Secretary General, 
Ramsar Convention on Wetlands
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Abstract  As wetlands provide many valuable ecosystem services and are amongst 
the most degraded ecosystems globally, further degradation could greatly affect 
the well-being and health of people dependent on them. Healthy wetlands are gen-
erally associated with enhanced ecosystem services and improved outcomes for 
human health, and unhealthy wetlands with degraded ecosystem services and poor 
outcomes for human health. However, the relationships can also be paradoxical 
with some direct benefits for human health leading to the loss of other ecosystem 
services, in particular regulating and supporting services, and the enhancement of 
others, leading to poor outcomes for human health. This results in a health paradox 
whereby there is a loss of regulating and supporting services from steps to enhance 
human health. Examples of the health paradox include: drainage of wetlands for 
malaria control; conversion of a wetland into a reservoir to store water for human 
consumption and irrigation; and regulation of rivers for flood mitigation activities to 
alleviate loss of life or property. A wetland paradox also occurs when there are poor 
outcomes for human health as a consequence of the maintenance or enhancement 
of ecosystem services. Examples of the wetland paradox includes: urban wetlands 
protected for nature conservation can also support mosquitoes and other vectors, 
and expose humans to vector-borne diseases; and the maintenance of large woody 
debris in rivers which slows down water flows, and contributes to the trophic web 
and is a recreational hazard for swimming or boating. In response a framework for 
the conceptualisation of human and wetland relationships, including the paradoxi-
cal situations has been provided based on the concept of wetlands as settings for 
human health. This enables the trade-offs that have and will occur between wetland 
ecosystem services and human health to be addressed.
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Introduction

The complexities of the interactions that occur between people and wetlands has 
been addressed more and more in recent years, for example, through global assess-
ments of water, biodiversity and the wider environment (Falkenmark et al. 2007; 
Arthurton et al. 2007; Gordon et al. 2010; Armenteras and Finlayson 2011). These 
assessments, largely following the lead of the Millennium Ecosystem Assessment 
(MEA 2005), have focused on the benefits that can accrue by promoting the positive 
relationships that can exist between human well-being and livelihoods, as expressed 
through the Millennium Development Goals, and wetlands. That is, they have fo-
cussed on wetlands as settings for human well-being, including human health and 
livelihoods, through the provision of ecosystem services, encompassing provision-
ing, regulating, supporting and cultural services (as defined by the MEA 2005) as 
well as settings for biodiversity conservation.

At the same time these assessments have provided further documentation that 
wetlands and wetland-dependent species are in severe decline globally, as are the 
many ecosystem services that they provide for many people. Given projected in-
creases in the demand for food and fresh water it is expected that wetlands will 
face increased pressures and further decline in the benefits that they provide for 
large numbers of people, in particular for those people who depend most directly on 
wetlands for their sustenance and well-being (Falkenmark et al. 2007; Gordon et al. 
2010). Wider recognition that wetlands are important settings for human well-being 
and for biodiversity conservation is seen as an important step if the decline of bio-
diversity and ecosystem services from wetlands is to be stopped, let alone reversed 
(Horwitz and Finlayson 2011). The latter is important—global efforts to reverse the 
decline of wetlands and wetland species have not kept pace with the rate of decline 
(MEA 2005; Armenteras and Finlayson 2011). In other words, despite the problems 
being articulated for several decades (MEA 2005) the responses to the loss of bio-
diversity and ecosystem services have been inadequate to halt the decline. Further, 
efforts to ensure greater equity in access to and sharing of the benefits that accrue 
from biodiversity are increasingly seen as important steps in changing this situation 
(Armenteras and Finlayson 2011).

The complexities of the relationships between wetlands and people are explored 
in this book through a general treatment of ecology-health issues for both the wet-
land and public health sectors, in recognition that both sectors have a vital role to 
play in ensuring the maintenance of the benefits provided by healthy wetlands. The 
corollary, namely that disrupting the provision of ecosystem services has adverse 
impacts on human health, is also examined as a prelude to examining ways in which 
multi-disciplinary research and practice (including community participation) can be 
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enhanced and policies generated to support ecosystem and human health concur-
rently.

A key premise behind the abovementioned intent is that the environmental health 
problems of the twenty-first Century cannot be addressed by the traditional tools 
of ecologists or epidemiologists working in their respective disciplinary silos; this 
is clear from the emergence and re-emergence of public health and human well-
being problems such as cholera pandemics and mosquito borne disease, as well as 
the impact of climate change and episodic events and disasters (e.g. hurricanes). 
The Millennium Ecosystem Assessment concluded that genuine cross-disciplinary 
approaches were necessary to tackle these problems (MEA 2005), a theme subse-
quently taken up syntheses provided in the Global Environment Outlook (UNEP 
2007, 2011). This book brings the disciplines of ecology and health sciences closer 
to such a synthesis for researchers, teachers and policy makers interested in or need-
ing information to manage wetlands and their interconnected human health and 
well-being issues.

While recent global assessments and syntheses provide a basis for many of the 
technical concepts covering health and wetlands that are expanded in the book, they 
do not, on the whole, explore the technical knowledge and information that supports 
the intricacies of the interactions between components of the wetlands and people. 
Similarly, the major text books covering wetland ecology focus on the science of 
wetland populations and ecological processes and not on human health issues, re-
sponses or specific interactions between wetlands and people. This book brings 
the disciplines of ecology and health sciences closer together with a synthesis for 
researchers, teachers and policy makers of the relationships that exist between wet-
lands and human health—relationships that are fundamental to a sustainable future, 
but also contains what we have termed a health paradox and a wetland (environ-
ment) paradox (Horwitz and Finlayson 2011).

The Human-Wetland Nexus

The relationships between humans and wetland ecosystems go back many millen-
nia with hunter-gatherers being directly dependent on the availability of resources 
in the immediate environment, foremost being a reliable and clean source of drink-
ing water, but also for food and materials for making tools, shelter, and for fuel 
for heating and cooking (Junk 2002; Gopal et al. 2008). Over many years and in 
many places, people developed agriculture, including increasingly intensive use of 
wetlands for grazing, cropping and horticulture, and eventually changed the man-
ner in which wetlands were managed, including the spread of wide-scale detri-
ment, largely through the expansion of agriculture (Finlayson et al. 2005), but still 
with a large dependency on the provision of ecosystem services (Falkenmark et al. 
2007; Gordon et al. 2010). The continued importance of agriculture in wetlands is 
evident from analyses of the extent of agriculture in wetlands listed as internation-
ally important under the Ramsar Convention (Ramsar sites); for example, in 2006 



C. M. Finlayson and P. Horwitz4

some 78 % of Ramsar sites globally were found to support some form of agriculture 
(Rebelo et  al. 2009a), and similarly, in 2008 some 93 % of Ramsar sites in sub-
Saharan Africa supported agriculture (Rebelo et al. 2009b).

Unfortunately, the increasing extent of human exploitation and modification of 
the environment has also adversely affected the health of wetlands, some of which 
have been lost or degraded to an extent whereby they no longer provide the eco-
system services that previously supported human well-being and health (Reven-
ga et al. 2000; Agardy and Alder 2005; Finlayson and D’Cruz 2005). Sources of 
drinking and irrigation water have dried, leading to thirst, starvation and popula-
tion displacement; toxic pollutants have poisoned waters, fish and people; altera-
tions to water regimes and vegetation structures have led to hardship, epidemics, 
and wide-spread environmental degradation and adverse consequences for people 
(Horwitz et al. 2012).

On the other hand, changes in land cover and land use to accommodate ex-
panding agriculture and industrial development have had many beneficial out-
comes for many people, for example, through increased irrigation and food pro-
duction. Unfortunately, many agricultural systems have been managed as though 
they were disconnected from the wider landscape, with scant regard for maintain-
ing the ecological components and processes that underpinned their sustainability 
(Molden et al. 2007). The consequences of such approaches include the loss of pro-
visioning services such as fisheries, loss of regulating services such as storm pro-
tection and nutrient retention, with negative feedback on food and fibre production. 
Human health has also suffered in a direct sense, for example, through the increased 
prevalence of insect-borne disease or through changes in diet and nutrition or the 
loss of regulating services, such as erosion control and the amelioration of floods 
(Corvalan et al. 2005). People in rural areas who use a variety of ecosystem services 
directly for their livelihoods are likely to be the most vulnerable to such changes in 
ecosystems (MEA 2005).

Finlayson et al. (2005) emphasised that failure to tackle the loss and degradation 
of wetland ecosystems and their species, such as that caused by the development 
of agriculture and water resources, could undermine progress toward achieving the 
human health and poverty components of the Millennium Development Goals. The 
first United Nations World Water Development Report noted that a healthy and 
unpolluted natural environment was essential for human well-being and sustain-
able development, and further stressed that wetland (aquatic) ecosystems and their 
dependent species provided a valuable and irreplaceable resource base that helped 
to meet a multitude of human and ecosystem needs which are essential for poverty 
alleviation and socio-economic development (UN-WWAP 2003). The report also 
noted that human health provided one of the most striking features of the link be-
tween water and poverty.

The adverse consequences of increased interactions between people and wet-
land ecosystems have received more attention in recent years with the Millennium 
Ecosystem Assessment (MEA 2005) in particular emphasising the strength of the 
fundamental relationship between ecosystems and human health and poverty, and 
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therefore the importance of developing environmental management strategies that 
support the maintenance of both wetland health and human health concurrently. 
Almost in parallel it has become apparent that many environmental health prob-
lems cannot be solved by ‘traditional’ health approaches alone. Rather, broader ap-
proaches are needed to analyse interactions between humans and the surrounding 
environment (Corvalon et al. 2005), often drawing on a wider scientific base, in-
cluding ecological and social sciences, and accepting that humans are not separable 
from the complex vagaries of the natural environment.

A fundamental and underlying part of this complexity is the paradox that 
healthy wetlands ( sensu Ramsar Wetlands Convention; Finlayson and Weinstein 
2008) can provide many valuable ecosystem services as well as support vectors for 
water-borne diseases (Corvalon et al. 2005). The complexity of such relationships 
is shown by the historical links between malaria and humans in parts of Europe 
(O’Sullivan et al. 2008). If wetland health and human health are treated as being in-
extricably linked it should be no surprise that the incidence of many diseases varies 
with short- and long-term changes in wetland health. By extension, for a variety of 
vector-borne, water-borne and other ‘environmental’ diseases, appropriate, scientif-
ically based public health interventions can only be devised with an understanding 
of the relationship between wetland health and human health and the ecology of the 
vectors and diseases. The interactions and reciprocity of the complex interactions 
between people and wetlands is also illustrated by the debilitating effect of HIV/
AIDS which reduces the capacity of groups of people to support their wider well-
being through fishing and other basic activities (Mojola 2009).

As wetlands provide many valuable ecosystem services and are amongst the 
most degraded ecosystems globally, further degradation could greatly affect the 
well-being and health of people dependent on them both directly and indirectly. In 
response, the Ramsar Wetland Convention has placed more attention on develop-
ing the scientific concepts behind the metaphor ‘healthy wetlands, healthy people’ 
and sought more understanding of how people and wetlands interact, for example, 
through analyses of the interactions between agriculture and wetlands (Falkenmark 
et al. 2007; Wood and van Halsema 2008) and fisheries and wetlands (Kura et al. 
2004), and in this instance, the interactions between human health and wetlands 
(Horwitz et al. 2012). The metaphor ‘healthy wetlands, healthy people’ implies an 
interaction between wetland ecology and management and the health of people with 
consequent social and cultural interactions between people and wetlands. This is 
seen as an extension of the multi-disciplinary approaches adopted through the Mil-
lennium Ecosystem Assessment (MEA 2005) and subsequent global assessments 
that have addressed human well-being and ecosystem services (Molden et al. 2007; 
UN-WWAP 2006; UNEP 2007). The interactions between human health and wet-
lands are expanded in this book through an examination of the linkages between 
human health and ecosystem services obtained from wetlands; the emphasis being 
on human health as a component of human well-being and linked inextricably with 
wetland health.
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Wetlands as Settings for Human Health

With this background the purpose of the book is to review and map out the relation-
ships and issues concerning the wise use of wetland ecosystems and human health, 
including information and concepts from the Millennium Ecosystem Assessment 
and its synthesis reports (www.millenniumassessment.org). Specific issues that 
have been addressed include:

•	 wetland health and ecological character of wetlands;
•	 human health and wetland ecosystem services;
•	 the effects on human health of disruptions to wetland ecosystem services;
•	 economic values and incentives for supporting human health;
•	 global trends affecting wetlands and human health; and
•	 responses and interventions for maintaining the ecological character of wetlands 

and supporting human health.

In addressing these issues the trade-offs between ecosystem maintenance and the 
risk of human diseases and ill-health have been considered with comments provided 
on the complexity of making decisions and choices that support ecosystems and 
the services that they provide. In doing this the following issues have been ad-
dressed—declines in water quantity and quality, including waterborne pollutants; 
human sanitation; water-related diseases; disease emergence related to small and 
large dams; increased land use in marginal landscapes leading to closer disease con-
tacts; implications of climate change for human health issues associated with wet-
lands; human nutrition and wetlands; and wetlands as sources of beneficial drugs. A 
further section is added on the effect of global trends on wetlands and human health 
with attention being drawn to the complex interactions with global climate change.

The depth and detail of coverage of the above have benefited by the accessi-
bility of information in recent global overviews such as the Millennium Ecosys-
tem Assessment (MEA 2005), the World Water Development Report (UN-WWAP 
2003, 2006), the Comprehensive Assessment of Water Management in Agriculture 
(Molden 2007), and the Global Environmental Outlook (UNEP 2007, 2011). These 
overviews represent both a global consensus by scientists on key issues affecting 
wetland ecosystems, water and people, and up-to-date widely reviewed compila-
tions of science-based evidence. These are particularly important when considering 
the implications of the achievement of the Millennium Development Goals that 
may run counter to efforts focussed on wetland conservation with an emphasis on 
the biodiversity in virtual isolation of wider ecosystem issues. The Millennium 
Ecosystem Assessment in particular has emphasised the strength of the fundamen-
tal relationship between wetland ecosystems and their services and human health, 
and therefore the importance of developing environmental management strategies 
that support the maintenance of both wetland health and human health concurrently 
(Finlayson et al. 2005). It is contended that at a metaphorical level the linkages are 
being established—further scientific evidence is needed to support these and enable 
more informed decisions that consider the complexities involved.

The importance of wetlands for humans, in particular in relation to their health 
and well-being was explored by Horwitz et  al. (2012) in a landmark report that 
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considered wetlands as settings that supported and even determined human health 
and well-being in a number of ways, including the provision of safe water and food 
and support for livelihoods, but also as places where people could be exposed to 
pollution, toxicants or infectious diseases. They concluded that wetland settings 
could “… either enhance or diminish human health depending on the ecological 
functioning of wetlands and their ability to provide ecosystem services.” and that 
wetland loss and degradation would have consequences for human health, and that 
adverse outcomes were likely to be distributed unequally, possibly along socio-
economic lines.

Horwitz and Finlayson (2011) further explored the concept of wetlands as set-
tings for human health by considering the commonality of issues contained within 
the concepts of the ecological character of wetlands and wetland ecosystem ser-
vices. They explored the modern tendency to assess the condition of wetlands and 
wetland resources separately from human well-being associated with wetlands 
(considering wetlands in the broad sense of the word as defined by the Ramsar 
Convention on Wetlands in 1971, to include, e.g., rivers, lakes, marshes, rice fields, 
coastal areas), and developed the synergies with the Ramsar Convention’s concepts 
of the wise use of wetlands and the maintenance of their ecological character. The 
Convention responded to the widening gap between wetland conservation and the 
use of wetlands by people by equating the terms wise use and ecological character 
with the maintenance of ecosystem services. This was done by adopting the frame-
work developed by the Millennium Ecosystem Assessment as a framework for the 
wise use of wetlands (Fig. 1) and updating the definitions of wise use and ecologi-
cal character (Ramsar Convention Secretariat 2010; Davidson and Finlayson 2007; 
Finlayson et al. 2011).

Ecological character is defined as “the combination of the ecosystem components, pro-
cesses, and benefits or services that characterize the wetland at a given point in time.
Wise use of wetlands is defined as “the maintenance of their ecological character, achieved 
through the implementation of ecosystem approaches, within the context of sustainable 
development.”

Fig. 1   Conceptualisation of the linkage between ecological character (comprising ecological pro-
cesses and components and ecosystem services, and their interactions) and human health (com-
prising human health as one constituent)
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The description of the ecological character of a wetland provides a basis for identi-
fying key issues for management, including the role of wetlands in supporting hu-
man well-being and health (Fig. 2). It also enabled the relationship between human 
well-being and health to be expressed pictorially. In making these connections hu-
man well-being is treated as a broad notion that includes security, basic materials for 
a good life, health, good social relations, and freedom of choice and action (MEA 
2005), and where human health is “a state of complete physical, mental, and social 
well-being and not merely the absence of disease or infirmity” (WHO 2006). This 
illustrates how the Ramsar Convention has linked human health with the ecologi-
cal character of wetlands and given support to the metaphor of “healthy wetlands, 
healthy people” as a central tenet of the international efforts to make wise use of 
wetlands globally.

With the above described background it is possible to depict human health issues 
in a wetland setting, with Horwitz and Finlayson (2011) identifying the following as 
ways in which wetlands affect human health and well-being. Namely, wetlands are:

•	 contributors to hydration and safe water;
•	 contributors to nutrition;
•	 sites of exposure to pollution and toxicants;
•	 sites of exposure to infectious diseases;
•	 settings for mental health and psychological well-being;
•	 places where people derive their livelihoods;
•	 places that enrich people’s lives, enable them to cope, and allow them to help 

others;

Fig. 2   Categorisation of the settings for wetland and human health based on the condition of 
ecosystem services and outcomes for human health (adapted from Horwitz and Finlayson 2011). 
The four settings are: the “double dividend” (+ +) with healthy wetlands and enhanced ecosystem 
services and improved outcomes for human health; the “double detriment” (− −) with unhealthy 
wetlands and degraded ecosystem services and poor outcomes for human health; the “health para-
dox” (+ −) with the loss of regulating and supporting services from steps to enhance human health 
through; and the “wetland paradox” (− +) with poor outcomes for human health as a consequence 
of the maintenance or enhancement of ecosystem services

 



Wetlands as Settings for Human Health—the Benefits and the Paradox 9

•	 places that help absorb the damage of natural disasters; and
•	 sites where medicinal and other products can be derived.

The relationships that exist between healthy wetlands and the provision of ecosys-
tem services that provide benefits for human health are complicated and include 
direct or linear links as well as indirect links. Examples of direct links include the 
provision of food, fuel and fresh water, whereas indirect links include the reduction 
in vulnerability to extreme events, such as storms and floods, or the amelioration 
of climate change through carbon sequestration. When wetlands are disrupted these 
benefits are generally assumed to be reduced or lost; however, the relationship be-
tween ecosystem services and human health and wetland health is more complex. 
In some circumstances degraded wetlands can provide benefits for human health, as 
shown in the simplified categories outlined in Fig. 2.

The generalised relationships between ecosystem services and human health are 
outlined in Fig. 2. Healthy wetlands are generally associated with enhanced ecosys-
tem services and improved outcomes for human health (the + + or double dividend 
scenario), and unhealthy wetlands with degraded ecosystem services and poor out-
comes for human health (the − − or double detriment scenario). However, given the 
multiplicity of ecosystem services and outcomes for human health, the relationships 
can also be paradoxical with some direct benefits for human health leading to the 
loss of [other] ecosystem services, in particular regulating and supporting services, 
and the enhancement of others, for example, nature conservation in particular envi-
ronments, leading to poor outcomes for human health. These situations lead to what 
is described as the “health paradox” (the + − scenario) and the “wetland paradox” 
(the − + scenario) in Fig. 2.

The health paradox occurs when there is a loss of regulating and supporting 
services from steps to enhance human health through, for example: (i) drainage of 
wetlands for malaria control; (ii) conversion of a wetland into a reservoir to store 
water for human consumption and irrigation; and (iii) regulation of rivers for flood 
mitigation activities to alleviate loss of life or property. The wetland paradox occurs 
when there are poor outcomes for human health as a consequence of the mainte-
nance or enhancement of ecosystem services, for example: (i) urban wetlands pro-
tected for nature conservation can also support mosquitoes and other vectors, and 
expose humans to vector-borne diseases; and (ii) the maintenance of large woody 
debris in rivers which slows down water flows, and contributes to the trophic web 
and is a recreational hazard for swimming or boating.

While the scenarios in Fig. 2 simplify the interactions between human and wet-
land health they do provide a framework for considering the general relationships or 
settings for these relationships. Horwitz and Finlayson (2011) explain that the sim-
plification is to some extent inevitable given that in any wetland some ecosystem 
services will be maintained, some embellished and some degraded, and similarly, 
there is the ever present likelihood that there will be both poor and beneficial health 
outcomes for various people. The multiplicity of wetland and human health out-
comes can seem complex but through careful consideration many can be seen to be 
causally linked, layered, displaced in space and time, dependent on similar or even 
the same modifying forces, and form chains of events and outcomes.
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The chains of events and outcomes imply that trade-offs for particular aspects of 
human health will occur when wetlands are modified by human activities that pro-
mote or favour one or a few ecosystem services over others. In saying this we note 
that a comprehensive and specific assessment of how particular wetland ecosystem 
services, or combinations of services, affect human health has not been undertaken.

Horwitz and Finlayson (2011) have provided a framework for collecting further 
information and teasing apart the relationships between wetlands and human health. 
This was developed by providing a joined-up account and by adopting constructs 
from ecosystem management, ecological economics, public health, epidemiology, 
and health promotion. They also drew upon an accepted global framework for de-
scribing a wetland’s ecological character and described how it should include the 
services that wetlands provide to human welfare. In doing this they made a case for 
bringing wetland ecosystems to the foreground as the settings and context in which 
health determinants can be addressed.

The complexities of interactions between wetlands and human health are con-
tained within the conceptualisation of wetlands as settings for human health, includ-
ing those of a paradoxical nature. The framework for the conceptualisation does not 
ignore the paradoxes—rather it enables them to be highlighted along with the dou-
ble dividend and double detriment scenario. This includes what have been termed 
the “health and wetland paradoxes”: (i) the health paradox occurring when there is 
a loss of regulating and supporting services from steps to enhance human health, 
and (ii) the wetland paradox occurring when there are poor outcomes for human 
health as a consequence of the maintenance or enhancement of specific ecosystem 
services.

Establishing the trade-offs that have and will occur between multiple measures 
of wetland ecosystem services and multiple measures of human health can be done 
using the concept of wetlands as settings for human health. The alternative of treat-
ing them separately, as has been done in many societies for decades (or longer), may 
drive us further towards the double detriment rather than towards the double divi-
dend scenario. Looking at wetlands and human health in this manner also enables a 
further statement about the situation whereby wetlands are seen as valuable, and yet 
are highly degraded by human activities. The settings concept raises the hypothesis 
that insufficient attention has been given to the dividends for human health that can 
accrue from a healthy wetland, and conversely, that more attention has been given 
to the negative outcomes that can accrue from an unhealthy wetland. Further, it may 
also be hypothesised that the consequences of the health paradox has received more 
attention than the consequences of the wetland paradox.

The settings construction enables the complexities of the interactions between 
wetlands and human health to be explored in a manner than extends far beyond 
the oversimplification of statements such as “healthy wetlands healthy people”. 
The construction of artificial wetlands in urban environments is an example where 
wetland settings are considered to bring multiple benefits to people, including, in 
places, the treatment of wastewater and mediation of flood flows while providing 
amenity value for people. In many instances however, artificial wetlands are con-
structed for single purposes, with Everard et al. (2012) describing them as nature 
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without imagination. The restoration of wetlands, as actively promoted by the 
Ramsar Convention (Alexander et  al. 2011; Alexander and McInnes 2012), pro-
vides another opportunity to develop the benefits of wetlands as settings for human 
health and well-being. Recent attention to the creation or restoration of urban wet-
lands is an area where the concept of wetlands as settings with potentially paradoxi-
cal outcomes is most advanced.

The complexities of human interactions with wetlands in urban areas are being 
explored with increasing attention to the benefits and problems that may arise when 
wetlands are created, highly modified or restored (McInnes 2014). The same view-
point may not be as prevalent in more rural settings with smaller populations, such 
as in the Murray-Darling Basin in south-eastern Australia, where steps to restore the 
riverine environment have focussed largely on engineering solutions based on hy-
drological criteria with little consideration of wider values and benefits for people 
(Pittock and Finlayson 2011). The conceptualisation of wetlands as settings for hu-
man health and well-being, taking into account the double dividend and paradox, 
as described above, is seen as a way of exploring the benefits that can accrue for 
people from wetlands.
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Introduction

Protection of public health requires the maintenance of adequate quality, quanti-
ty, accessibility and continuity of water supplies for communities (World Health 
Organization 2006a). For this reason, the World Health Organisation (WHO) has 
stressed the importance of “continuous and vigilant public health assessment and 
review of the safety and acceptability of drinking-water supplies” (World Health 
Organization 1976). Although considerable effort and investment has been directed 
towards achieving this health objective, water-borne diseases—that is, those aris-
ing from pathogens or chemical contaminants transmitted through water supplies— 
remain a major cause of global disease (Tebbutt 1998). Over 1.1  billion people 
globally continue to consume unsafe drinking water (Rodgers et al. 2004; WHO 
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2004a) and a large proportion (88 %) of diarrhoeal illnesses has been attributed to 
unsafe water, sanitation and hygiene (WHO 2004b). In developing countries, diar-
rhoeal illnesses are ranked third in terms of the total burden of disease (with only 
HIV/AIDS and lower respiratory infections ranking higher) (WHO 2004a). Ap-
proximately 90 % of this disease burden occurs in children under the age of 5 years 
(Pruss et al. 2002) where severe malnutrition and lack of medical care compound 
the severity of the problem (Leclerc et al. 2002).

In recent decades, issues of global water availability and sustainability have be-
come ever more pressing (Vörösmarty et al. 2010) (Fig. 1). The amount and quality 
of fresh water is decreasing, and aquifers, rivers and oceans are steadily becoming 
more degraded and depleted (Fig. 2 and 3). The construction of wells, dams, drains, 
canals and systems for irrigation have accelerated over the past century and con-
tributed to serious disruptions in flow. Water contamination with chemicals or with 
infectious organisms is a significant cause of human disease globally.

In response to these growing challenges, there has also been a widening in the 
scope and activities associated with public health. It has become more generally 
appreciated that human well-being must be conceptualised within a wider set of 
environmental processes. The future of our health ultimately depends on the in-
teraction between our species and surrounding physical, chemical and biological 
environments. These examples of human reliance on the environment can be termed 
as ecosystem services, where an ecosystem service is defined as the benefits that 
humans obtain from ecosystems (Corvalán et al. 2005). Four types of ecosystem 
services are identified: supporting services (such as nutrient cycling), provisioning 
(such as production of food and fuel), regulating services (such as regulation of cli-
mate or disease) and cultural services (which includes recreational and educational 
uses) (Corvalán et al. 2005). In the context of wetlands, ecosystem services such as 
provision of drinking water, flood control, source of fuel for water boiling, water 
for agriculture, can have a dramatic impact on the health of human populations 
(Horwitz et al. 2012). (See Box 1) Wetlands provide all four ecosystem services 
(Fig. 4). Our relationship with the biotic world and biogeochemical cycles is in a 

Fig.  1  Patterns of global water withdrawal (http://www.grida.no/publications/vg/water2/page/ 
3289.aspx)
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Fig. 2   Example of salinisation of river in Western Australia showing degradation of vegetation 
(Photo Peter Speldewinde)

 

Fig. 3   Over grazing by cattle causing degradation of waterbody (Photo Paul Close)
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state of permanent flux that is made all the more variable by human interventions. 
These ideas have been formalised in various ecosystem and health approaches (Patz 
2007; Aron and Patz 2001), which place the linkages between the environment and 
human well-being at their core. In the case of wetlands, three main health require-
ments are important: access to sufficient and safe water, provision of nutrition and 
social benefits (Horwitz et al. 2012). These can have direct health impacts (such 
as floods), ecosystem-mediated impacts (such as reduced food yields) or indirect 
health impacts (such as population displacement) (Corvalán et al. 2005).

The chapter will provide a brief summary of the relationship between public (com-
munity) health and the water cycle (see Boxes 2 & 3). In the first section, a general 
overview of how water systems and ecologies relate to public health is provided, 
followed by a systematic approach for assessing health risks from water contami-
nants. The last two sections will examine how two vital public health activities—the 
application of epidemiological methods and the use of systems of surveillance— 
relate to water sources and supplies.

Box 1: Cholera an Example of Ecosystem Services

Cholera is a water-borne disease caused by the bacterium Vibrio cholera. It 
is a disease which has strong environmental drivers which may be examined 
using the paradigm of ecosystem services. For example, high nutrient levels 
in the water combined with warm temperatures increases the levels of cholera 
in the water (regulating services) (Cottingham et al. 2003).

Fig. 4   Types of ecosystem 
services with examples of 
services provided. (Modified 
from the MEA Health Syn-
thesis; Corvalán et al. 2005)
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Water Systems From a Public Health Perspective

Sources and Contamination Processes  Maintaining water quality standards is 
one of the core functions of public health. The two principal forms of water that are 
available for human use are surface water and ground water. Surface water is the 
term used to describe any water body that stands or flows above ground, such as 
lakes, rivers, streams, and so-called impounded water, such as reservoirs and dams. 
The quality of surface water is sensitive to both the abiotic environment and human/
animal activity. Microbial deterioration of surface water quality may result from 
discharging effluent, wastewater or stormwater into sources waters, faecal contami-
nation of the water from nearby livestock and local fauna, or by humans that utilise 
surface water and surrounding catchment areas for recreational purposes. Microbial 
deterioration of water bodies can also occur due to the removal of ecosystem com-

Box 2: Ecosystem and Human Pathogens

Land clearing in South East Asia has resulted in an increase in the human 
population in areas previously unpopulated or sparsely populated, an increase 
in potential breeding sites for mosquitoes and a reduction in biodiversity with 
reduced abundance of mosquito predators. With acceleration of the rate of 
land clearing there has been an increase in the number of reported malaria 
cases (Norris 2004). The reduction of biodiversity can lead to an increase in 
a range of other vector borne diseases, such as Lyme disease, Chagas disease 
and West Nile Encephalitis (Ostfeld and LoGiudice 2003). In environments 
with high species diversity, there are a greater proportion of incompetent 
hosts which attract vectors away from the most competent hosts therefore 
reducing the prevalence of the disease. Conversely, reduction of biodiversity 
can lead to a reduction in incompetent hosts and therefore an increase in the 
disease prevalence (Ostfeld and Keesing 2000).

Box 3: Ecosystems and Recycling of Toxic Substances

The drying of the Aral Sea, due to the diversion of water from the sea for irri-
gation, and the over use of fertilisers and pesticides (combined with a declin-
ing regional economy), has been linked to increased rates of cancers, respiratory 
conditions, tuberculosis and infant mortality in a number of Central Asian states 
(Zetterstrom 1998; O’Hara et al. 2000; Crighton et al. 2003). These disorders 
have been attributed to the increase in airborne dust, a consequence of the drying 
of the sea, which is laden with residual pesticides and fertilisers.
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ponents, which would under normal circumstances reduce the levels of microbial 
contamination, such as the removal of riparian vegetation which filter nutrients and 
pathogens prior to surface run off entering water bodies (Barling and Moore 1994).

Groundwater for human use can be extracted from fully saturated soils and rocks 
through boreholes and wells, or it can be collected through natural outlets, such as 
springs (Percival et al. 2000). Soil layers provide a barrier to microbial contamina-
tion by filtering rain and surface water (Tebbutt 1998) and by enhancing pathogen 
die-off as water filters through to underlying aquifers. Despite the protection of 
groundwater because of its relative isolation, it is still possible for microbial and 
chemical contaminants to reach these sources. Contaminants enter groundwater 
through direct injection into wells, the leaching of soluble solids or liquids sprayed 
on the surface (e.g. slurry), leaking or broken sewer lines, seepage from waste res-
ervoirs and landfills, septic tank effluents and infiltration of polluted surface water. 
Contamination of groundwater can also occur through indirect processes, such as 
the case of dryland salinity in Western Australia. Removal of deep rooted perennial 
vegetation has resulted in the rise of the water table which dissolves salts in the soil 
profile bringing them to the surface resulting in increased salinity of the water. This 
increase in salinity has been shown to have human health consequences such as 
increased rates of depression and co-morbid conditions (Speldewinde et al. 2009, 
2011), and increased levels of Ross River Virus in the environment (Jardine et al. 
2008).

In broad terms, contaminants may be classified according to whether they origi-
nate from point or non-point sources. Point sources are discrete locations—such 
as effluent outfalls—that release pollutants, whereas non-point sources are more 
diffuse (such as agricultural runoff) (Hodgson 2004). Agricultural practices are a 
major source of water contamination, including major human pathogens such as 
Cryptosporidium, Giardia, and Campylobacter. Wastes may be carried as direct 
runoff into surface waters or may collect in impoundments and thereby infiltrate 
groundwater. A range of manufacturing and industrial wastes and by-products, as 
well as commercial products, may be discharged into water systems. Well-docu-
mented examples include plasticisers and heat stabilisers, biocides, epoxy resins, 
bleaching chemicals and by-products, solvents, degreasers, dyes, chelating agents, 
polymers, polyaromatic hydrocarbons, polychlorinated biphenyls and phthalates.

Urban runoff contains a complex mixture of microbiological and chemical con-
taminants (Gray and Becker 2002). For example, large quantities of hydrocarbons 
are emitted into the atmosphere and can be washed into water systems. Stormwater 
(primarily rain from roofs, roads and other surfaces that passes into the drainage 
system) often contains various debris, animal faeces, oils/grease, soil, metals from 
road surfaces, pesticides and fertilisers from roadsides.

The Burden of Water-Borne Disease  The major microbiological risks arising 
from human contact with water sources are infection from viruses, bacteria, proto-
zoa and helminths. Human microbial pathogens found in water are often enteric in 
origin. Important water-borne agents in industrialised countries include the bacteria 
Campylobacter, Salmonella, Shigella and E.coli, the parasites (protozoa) Crypto-
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sporidium and Giardia and the viral agents Hepatitis A, Norwalk virus and rotavi-
ruses. Enteric pathogens enter the environment in the faeces of infected hosts and 
can enter water either directly through defecation into water, contamination with 
sewage effluent, or from run-off from soil and other land surfaces. For example, in 
1998 Cryptosporidium and Giardia cysts were found in the water supply of Sydney, 
Australia. The occurrence of the pathogens in the water supply was attributed to the 
presence of cattle within the catchment combined with unseasonal high stream flow 
(Hawkins et al. 2000).

The dynamics of water-borne disease transmission are highly complex and de-
pendent upon multiple variables. One crucial factor is that of pathogen persistence 
in water. The pathogen must be able to resist environmental stresses and main-
tain viability while water-borne; otherwise the ability to infect new hosts becomes 
greatly diminished (WHO 2004b). Persistence in water also relates to temperature, 
ultraviolet radiation, nutrient availability, chlorine concentration (WHO 2004b), 
sedimentation, predation, dilution, pH, and the magnitude of pollution loading from 
discharges and their degree of treatment (McFeters 1990; Olson and Hurst 1990). 
Human intervention in ecosystems can impact on these stresses, for example clear-
ing of riparian vegetation removes shade and therefore increases water tempera-
ture, while increasing the amount of ultraviolet radiation and amount of nutrients 
entering the water body through surface water runoff. Because of the complicated 
interactions between the pathogen, environment and the human host, water-borne 
pathogen ecology remains poorly understood for many microorganisms.

The greatest threats to human health are posed by pathogens with high infectiv-
ity, those which can survive or proliferate in water, or those which are resistant 
to decay or degradation. A number of pathogens remain highly stable through the 
formation of cysts or spores. For example, Cryptosporidium parvum typically has 
considerable potential to cause gastroenteritis (Havelaar and Melse 2003), given 
that it is reasonably infective and resistant to chlorination (National Water Quality 
Management Strategy 2006). Cryptosporidium oocysts are widely distributed in 
source waters across the globe, with oocyst concentration typically high in areas 
of poor water quality (e.g. areas located near agricultural activity) (Hansen and 
Ongerth 1991; Lechevallier et al. 1991).

Through the introduction of water sanitation procedures, waterborne diseases in 
industrialised countries have continually declined since the mid-nineteenth century 
(Herwaldt et al. 1991; Fewtrell and Bartram 2001). However, more recently, several 
industrialised countries have noted increases in the number of waterborne disease 
outbreaks (Lee et al. 2002a). Numerous reasons for these increases have been iden-
tified, including water system failures (Moore et al. 1993; Kramer et al. 1996; Levy 
et al. 1998; Barwick et al. 2000; Lee et al. 2002b), decaying water treatment and 
supply infrastructure, and the emergence (or improved detection) of new, previous-
ly unrecognised, resistant or more virulent organisms (Fewtrell and Bartram 2001).

There has been a growing international focus on the development of guidelines 
or regulations for chemical parameters in water systems. Many chemicals are in 
low concentrations, but pose a potential risk from chronic exposures or bioaccu-
mulation. For example, pesticides commonly enter water systems from agricultural 
activities, via influxes of stormwater, or direct disposal by households or commer-
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cial premises. During the last few decades, there has been growing evidence of 
hormonally-related abnormalities in a wide range of species (Matthiessen 2003). 
These have included invertebrates (Oehlmann and Schulte-Oehlmann 2003), fish 
(Jobling and Tyler 2003), aquatic mammals (Fossi and Marsili 2003), reptiles (Guil-
lette et al. 2007; Guillette and Iguchi 2003) and birds (Giesy et al. 2003). Chemical 
contaminants are believed to be responsible for many of these abnormalities, act-
ing via mechanisms leading to alteration in endocrine function. This phenomenon, 
known generally as ‘endocrine disruption’, has been identified by the World Health 
Organisation as an issue of global concern (World Health Organization 2005). The 
chemicals implicated have been collectively termed ‘endocrine disrupting chemi-
cals’ (EDCs), or simply ‘endocrine disruptors’. Pharmaceutically-active compounds 
(PhACs) are another group of compounds that have led to concerns about adverse 
health outcomes (National Water Quality Management Strategy 2008; Toze 2006; 
Kolpin et al. 2002). As well as directly impacting on human health through direct 
ingestion these chemicals can have indirect impacts on human health through eco-
system services, such as decreases in fish catches.

Principles of Health Risk Assessment

Risk is defined by The National Water Quality Management Strategy (National Wa-
ter Quality Management Strategy 2006) as “The likelihood of a hazard causing 
harm in exposed populations in a specified time frame, including the magnitude of 
that harm.” In general, any assessment of risk to community health seeks to esti-
mate the potential impact of an activity or process on a specified human population 
within a specified time period (in the past, now and/or in the future). There is usu-
ally an emphasis on evaluating factors in the environment that impact on disease in 
order to make prevention of disease possible.

In general terms, health risk assessments may be conceptualised as an investiga-
tion of (i) exposure pathways: whether there are multiple and/or interacting hazards 
(e.g. from various sources); the routes of exposure; and projected contaminant in-
takes in at-risk populations; coupled with (ii) evidence on the progression to health 
end-points: for example, toxicological analyses (such as animal/in vitro studies) 
and/or epidemiology analyses (studies in human populations) may be used to assess 
whether the hazards are likely to produce any adverse health effects, to explore the 
relationship between toxicant ‘dose’ and occurrence of a particular disease, and to 
calculate rates of disease in the given population.

The formal methods for assessing risks arising from water contaminants include:

•	 Epidemiological investigations (refer to 3.4 below)
•	 Qualitative risk assessment (with risk ranking): Qualitative assessments usually 

combine an indication of the likelihood of identified hazards causing harm (in 
exposed populations or receiving environments in a specified timeframe) with 
the severity of the consequences characterised using a categorical scale (e.g. low; 
moderate; high; very high).
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•	 Quantitative Microbial Risk Assessment (QMRA) (National Research Council 
(U.S.). Committee to Evaluate the Viability of Augmenting Potable Water Sup-
plies with Reclaimed Water 1998; EnHealth Council 2002): QMRA is a math-
ematical risk assessment model that can accurately predict the risk associated 
with exposure to pathogens (mainly bacteria, viruses and protozoa) in water 
sources (Haas et  al. 1999; Havelaar and Melse 2003). A full assessment pro-
gresses through a number of stages: Hazard assessment; Exposure assessment; 
Dose-response analysis; Risk characterisation.

•	 Risk assessment for chemical contaminants progresses through similar stages 
to those for microorganisms (European Commission Brussels 2003). Hazard 
assessment investigates the inherent properties of chemicals by collecting and 
comparing relevant data on, for example, physical state, volatility and mobility 
as well as potential for degradation, bioaccumulation and toxicity. Models are 
used to assess the distribution of contaminants in the environment (soil, water, 
air) and in tissue (animals, humans). Estimations of human health risks from ex-
posure to specific chemicals are generally based on extrapolations of the results 
of toxicological experiments on animals. These extrapolations provide standard 
human ‘dose-response’ relationships for the chemicals. The validity of the data 
and the weight-of-evidence of various toxicity data are assessed. For example, 
the International Agency for Research on Cancer (IARC) grades hazards accord-
ing to various likelihoods of whether they are carcinogenic.

In the field of water and heath, the risk assessment models described above have 
been extended using the Stockholm Framework (World Health Organization 2006c), 
which incorporates the concept of disability adjusted life years (DALYs) to assess 
health outcomes from different disease exposure routes (Fig. 5). The DALY is a 
metric that considers health burden in terms of years of life lost (due to premature 
death) and years “lost” to disability, with different “weights” assigned to medical 
conditions depending on their severity. When deriving DALYs for individual haz-
ards, both acute public health effects (such as diarrhoeal disease and even death) 
and chronic public health effects (such as cancer) are considered (National water 
quality management strategy 2006). DALYs have been used extensively by agen-
cies such as the World Health Organization (WHO) to assess disease burdens and 
to identify intervention priorities associated with a broad range of environmental 
hazards (WHO 2004b).

The information gathered from risk assessment help to inform the next stage: 
risk management, or the process of evaluating possible action and alternatives and 
then implementing these in response to the risk assessment. This requires careful 
consideration of the options and strategies to reduce risk taking into account all 
factors including practicality, social and political implications. A common interven-
tion is exposure control, in which the hazard of concern is controlled at source or at 
some point in the exposure pathway.
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Principles of Epidemiology in Relation  
to Water-Borne Exposures

Common Measures Used in Epidemiology  Epidemiology is the study of disease 
patterns in populations. In a public health context, there is often an emphasis on 
discovering the causes, determinants or risk factors of a disease in order to make 
prevention possible (Gordis 2009; Rothman et  al. 2008; Szklo and Nieto 2007). 
There are many epidemiological study designs and techniques, but the key ques-
tions usually relate to: how and when do we measure the exposure and health effect, 
and which populations should we select and compare? Analyses are conducted (in 
an attempt) to indicate the degree of risk that an individual (or population) with a 
particular exposure pattern, lifestyle, genetic profile or other determinant has of 
contracting a specific disease.

Epidemiologists often report their findings as the magnitude of association be-
tween exposure and disease: these estimates may be based on absolute differences 
(obtained by subtracting disease rates in the unexposed from rates in the exposed) or 
relative differences or ratios (obtained by dividing disease rates in the exposed by 
rates in the unexposed) (Hennekens et al. 1987). A common measure of risk is the 
relative risk, which indicates how many times more likely “exposed” persons (such 
as residents of a wetland with high levels of nutrient contamination which cause in-
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creased abundance of mosquitoes) are to develop the disease (such as malaria), rela-
tive to “non-exposed” persons (such as residents of a non-contaminated wetland).

No single epidemiological measure can describe adequately the health of a com-
munity. Only through using a number of indices can a reasonably complete picture 
of a population’s health be constructed. One of the most easily measured indicators 
is mortality rate, or the number of deaths in a population over a set period (usually 
a year). Frequency of disease is another commonly employed measure, such as the 
incidence rate (the number of new cases occurring in a given population per unit 
time). The prevalence proportion of disease is the proportion of people who are ill 
with the disease within a given population at a given point in time, accounting for 
both new and existing cases with the disease. It is often said that the prevalence 
reflects the current burden of disease in a population or community. Many of these 
measures are limited by a predominantly physical focus: the psychological, social, 
and functional aspects of poor health and disability are of great importance to indi-
viduals but are difficult to measure.

The Role of Outbreak Investigations  National public health authorities may 
undertake or direct research to evaluate the role of water as a risk factor in disease. 
Of the various epidemiological tools that may be applied to water and health, it is 
the outbreak investigation that often provides useful information regarding which 
failures in the water supply and distribution chain are associated with risks to public 
health. Outbreak investigations also provide information on non-water exposure 
pathways (e.g. food) that could be related to the suspect pathogen (or chemical 
agent). (Organisation for Economic Co-operation and Development and World 
Health Organization 2003)

Outbreak investigations ask a range of crucial questions about how the disease 
in question is affecting the population. These include defining the “time, place, per-
son” descriptors of the disease of interest. The “time” component of an outbreak in-
vestigation seeks to determine: when and how often does the disease occur? and, is 
the frequency different now than in the past? The time component may encompass 
long term trends (changes in the incidence of disease over a number of years or de-
cades), cyclical or seasonal trends (which have some kind of recurring pattern; for 
example, gastrointestinal disease is more common is summer when the temperature 
and humidity favours the multiplication of enteric pathogens); or short term trends 
(temporary aberrations in the incidence of disease).

The “place” component of an outbreak investigation seeks to determine: where 
are the rates of the disease highest and lowest? Water-borne diseases may vary 
with: biological environment (including the local ecology, such as presence of ani-
mal reservoirs for disease); physical environment (such as climate and other abiotic 
factors affecting the capacity of pathogens to survive); and the sociocultural envi-
ronment (sanitation and hygiene practices; cultural practices). Mapping and geo-
graphic information systems (GIS) may be used to display or investigate some attri-
bute, theme, or other variable, such as the incidence rate of a disease in a particular 
area. In water-borne diseases, GIS may be used to define the water distribution area, 
to assess the exposed population, and to evaluate possible relationships between the 
water supply and disease (Hunter et al. 2003).
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The “person” component seeks to determine: who is getting the disease? Im-
portant factors in infectious disease susceptibility include age, gender, ethnicity, 
occupation, personal habits and co-existing disease. In water-borne disease, there 
may be susceptible subgroups or those with characteristic exposure patterns (e.g. 
private water supplies).

Sporadic outbreaks may be investigated in greater detail (Hunter et al. 2003). 
Such events may lead to full review of source and treatment of the water supply, 
area of distribution, recent changes in treatment or supply. Often subtyping may 
be performed on laboratory samples to detect possible temporal or spatial clus-
ters. Interpretation of these and other data are used to institute control measures to 
manage the outbreak. This stage usually requires the treatment of cases, and/or the 
introduction of control measures to reduce the spread of the epidemic or prevent its 
recurrence.

Principles of Disease Surveillance in Relation  
to Water-Borne Exposures

In a public health sense, surveillance is viewed as “a continuous and systematic pro-
cess of collection, analysis, interpretation, and dissemination of descriptive infor-
mation for monitoring health problems” (Rothman and Greenland 1998). Usually 
the surveillance systems are operated by public health officials to assist in disease 
prevention and to guide control.

All surveillance systems target a particular population, but this may range in 
size from a hospital or clinic to a community to a nation. The level of diagnosis and 
detection of disease in the community relates to the availability and accessibility of 
medical and laboratory services, ease of use, costs and time. In the case of notifiable 
diseases, health care providers are required to report specific infectious diseases in 
a particular population. The identification of “cases” may be based on various indi-
cators of diseases, including symptoms or clinical descriptors, such as diarrhoea or 
fever (Haas et al. 1999), clinical diagnosis from testing of blood, faecal specimens, 
sputum, urine etc. for the pathogen, use of markers of infection (e.g. protein or ge-
netic marker), and/or antibody (immunoglobulin) testing.

Public health surveillance (i.e., surveillance of health status and trends) contrib-
utes to the verification of drinking-water safety. Surveillance may assist in the iden-
tification of outbreaks or incidents of water-related disease or major threats, such as 
outbreaks or chemical contamination events. This relies on the provision of prompt 
and reliable information to public health authorities and strategies for protecting or 
advising members of the public or others at imminent threat of water-borne disease 
(Hunter et al. 2003).

However, there are a number of limitations in the use of surveillance for water-
related illnesses. This includes the well-known “tip-of-the-iceberg” problem in de-
tecting water-borne outbreaks, in which only a small fraction of true cases may 
be identified using the surveillance system (Hrudey and Hrudey 2004). The com-
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pleteness of detection relies on the scope and efficiency of the surveillance system. 
Medical personnel may not notify the disease or may not identify that the disease 
originates from water. More commonly, laboratory isolates are used as the basis for 
disease detection, but this significantly underestimates the occurrence of disease 
because many people with illness do not seek medical help or get tested.

Wetlands as Settings for Human Health

There is a clear relationship between human health and wetlands.Horwitz and Fin-
layson (2011) identified nine ecosystem characteristics that can have consequences 
for human health:

•	 Contributions to hydration and safe water
•	 Contributors to nutrition
•	 Sites of exposure to pollution or toxicants
•	 Sites of exposure to infectious diseases
•	 Settings for mental health and psycho-social well-being
•	 Places from which people derive their livelihood
•	 Places that enrich people’s lives, enable them to cope, and enable them to help 

others
•	 Sites of physical hazards
•	 Sites from which medicinal and other products can be derived.

As wetlands are potentially under threat from development concern needs to be 
given to the potential human health consequences of their development. For ex-
ample, development of a wetland may alter biodiversity such that vector borne dis-
ease may increase, or removal of a wetland may remove a protein source for local 
communities.

It should be noted that in the event of human health being impacted by the al-
teration of a wetland ecosystem it may not necessarily be possible to restore the 
ecosystem to its previous state to reduce the human health risk (Weinstein 2005). 
In the restoration of an ecosystem the end point of the restoration may not be the 
original ecosystem state and different ecological processes may be at work (Suding 
et al. 2004) and therefore the ecosystem services provided may not be the same or 
at the same level.

Given the relationship between human health and wetland ecosystems Horwitz 
et al. (2012) highlighted the need to be vigilant for the emergence or re-emergence 
of wetland linked diseases, to act preventatively and proactively in relation to such 
diseases, and to develop scientifically-based responses, taking into account current 
good practices, where instances of such disease are identified. The unknown trajec-
tory of degraded ecosystems or ecosystems being restored can have unexpected hu-
man health consequences. This requires a multidisciplinary approach by managers, 
incorporating public health and environment, as well as such dimensions as water 
supply, trade and development, but in particular an understanding of the linkages 
(and potential linkage) between human health and wetland ecosystems.
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Abstract  Demonstrating links between wetlands and health is a useful way of 
encouraging policymakers to act before the ‘Water for Life’ decade ends in 2015. 
This chapter describes the contributions wetlands make to people’s well-being, such 
as food security through high water quality, protein or edible and medicinal plants. 
Earning cash income through trade in harvested wetland resources (such as fish, 
shell-fish or fibrous plants) can also have livelihood benefits. Although some wet-
lands can have negative effects on public health (such as bilharzia), public apprecia-
tion of positive wetland values and their links to public health can motivate local 
action and policy reform for wetland conservation and resource management. Les-
sons from innovative cases such as the RUPES programme in Indonesia can inspire 
new initiatives that put policies into practice for the benefit of local people.

Keywords  Food security · Dietary diversity · Medicinal plants · Crop wild relatives · 
New natural products · Extremophiles

Introduction

It is well known that wetlands provide diverse and valuable goods and services 
for human well-being (Covich et  al. 2004; “well-being” sensu Amatya Sen, see 
Berenger and Verdier-Chouchane 2007; Horwitz and Finlayson 2011). Despite this, 
wetland values are widely ignored and wetland destruction and degradation are 
widespread. The reason for our behaving this way is widely recognized. The direct 
and indirect values of wetlands are not taken into account, property rights are weak 
and wetlands can be affected by degradation elsewhere in the watershed (Dudgeon 
et al. 2006; Turner and Jones 1991). Although wetlands represent a capital asset 
providing important ecosystem services, these assets are generally not reflected in 
conventional economic indicators. Instead, wetland goods and services are often 
considered a “subsidy from nature”, just as is the case with forests (Wunder 2007). 
Integrating economic (Barbier et al. 1997) and socio-ecological approaches (Berkes 
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and Folke 1998) in policy and practice for continued provision of those wetland 
goods and services is therefore essential. Valuation estimates can be controversial 
(Balmford et al. 2002). In addition, non-market values, such as cultural or religious 
values of ecosystems are extremely difficult to determine (Adamowicz et al. 1998). 
Values can also be location specific, such as the high value placed on Juncus kraus-
sii culms in southern Africa (Cunningham and Terry 2006) compared to Australia, 
where this species also occurs.

Despite controversies and gaps, valuation studies commonly indicate the great 
economic importance of wetlands. What is needed is more effective communication 
by scientists to policymakers on the importance of wetlands to people’s well-being. 
Links between direct and indirect drivers of wetland change and opportunities pro-
vide guidance on how these link to human well-being (Fig. 1).

Fig. 1   Links between ecosystem services, drivers of change, human well-being and poverty 
reduction. (from Millennium Ecosystem Assessment 2005)
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This chapter describes the contributions wetlands make to people’s well-being 
(Fig.  2). These range from wetland ecosystem services (such as clean water), 
economic productivity and poverty alleviation (wetlands and fisheries) to food 
security (such as the genetic diversity of wild relatives of rice ( Oryza), one the 
world’s major crops, or new natural products from wetland associated fungi, bac-
teria, animals and medicinal plants). In addition, some wetlands have “insurance” 
value, reducing our vulnerability to extreme events such as floods while others, 
such as peatlands, play an important role in carbon sequestration.

Although the different contributions wetlands make to people’s well-being are 
discussed separately below, there are linkages within and between each one. Food 
security, for example, links to water quality, household income, plant genetic re-
sources and fisheries management. These linkages mean that in many cases, trade-
offs between wetland conservation and development need to be carefully assessed 
and in some instances, compromises reached. Strategies in Bangladesh to reach 
trade-offs between floodplain conversion for rice production or wetland mainte-
nance for survival and production of floodplain fish populations when both are 
important in the peoples diet are a good example (Shankar et al. 2004). Similarly, 
important trade-offs exist between the benefits of development projects such as 
large dams on one hand, and infectious disease risk (such as schistosomiasis) or 
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Fig. 2   Links between wetlands and our health and well-being
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sustainable fisheries based on fish whose spawning or migrations are negatively 
impacted by large dams, on the other. Even recreational uses of wetlands, with 
the health and tourism benefits they provide may need trade-offs with conserva-
tion, such as removal of exotic salmonids from rivers in Chiles and New Zealand 
(Dudgeon et al. 2006).

Food Security

Food security has three main components, each of which has links to wetland values 
for food and water. The first is the most obvious, the food availability (through the 
market and people’s own production). The second is having enough buying power 
or social capital to access food with cash or through barter. The third is that people 
get sufficient nutrients from the food they eat (Boko et al. 2007). Nutrient intake is 
also influenced by people’s ability to digest and absorb nutrients, which is affected 
by human health, access to safe drinking water and the diversity and nutritional 
content of foods. Wetland degradation or loss impacts on all three components that 
comprise food security. Agricultural production and food security (including access 
to food) can be compromised with wetland degradation due to the value of wetland 
resources to peoples diet (for example from fisheries and food plants) and some of 
the genetic material wetland plants contain. Wild relatives of two important food 
crops, rice ( Oryza species) and some cowpeas ( Vigna) species are indigenous to 
African and Asian marshes and floodplains.

Starchy staple diets (rice, cassava, maize) are frequently deficient in nicotinic 
acid, vitamin C, calcium and riboflavin and protein (Cunningham and Shackleton 
2004). Harvested wild foods are known to be a valuable source of these nutrients 
deficient in starchy staple diets, particularly protein from edible fish and shellfish, 
nicotinic acid from wild edible greens, vitamin C from wild fruits. Although many 
edible wild plants are harvested from forests or woodlands rather than wetlands, a 
wide diversity of wetland plants provide supplementary food sources. Popular food 
species are also traded. Examples are water-cress ( Rorippa nasturtium-aquaticum) 
in Europe, Mauritia fruits and Euterpe palm hearts from South America floodplain 
forests, lotus ( Nelumbo nucifera) seeds and water-chestnut ( Eleocharis) tubers in 
Asia and wild rice ( Zizania aquatica) and cranberries ( Vaccinium oxycoccos) col-
lected for food and trade by native Americans in the USA.

Fish are particularly important to people’s diet and health in developing coun-
tries where they often form the main source of animal protein (Fig. 3). In recent 
years, the production of fish from inland waters has been dominated by aquaculture, 
especially growing of carp in China for domestic purposes, with salmon, tilapia, and 
perch mainly for export (Kura et al. 2004). Inland fisheries are particularly impor-
tant in developing countries with a large proportion of the recorded catch, with the 
actual catch possibly several times higher than recorded (Kura et al. 2004). Most of 
the increase in freshwater fish consumption occurred in Asia and Africa. Historical 
date for commercial fisheries shows large declines in the twentieth century due to 
habitat degradation, invasive species, and overharvesting (Revenga et al. 2000).
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The Mekong river, for example, sustains one of the world’s largest freshwater 
fisheries, with annual yields of 1 million tonnes of fish, most of which are harvested 
by small-scale artisanal fisheries (Valbo-Jorgenson and Poulsen 2001). In Cambo-
dia, for example, people get about 60–80 % of their total animal protein from the 
fishery in Tonle Sap and associated floodplains (MEA 2005). Floodplain fisheries 
are often very productive, although fish production is highly variable due to sea-
sonal floods and longer-term climatic trends (Jul-Larsen et al. 2003) that threaten 
fisheries such as those around Lake Chad.

Water Supplies

Fresh water is a basic need for human health. This is widely recognized in national 
legislation of many countries. This provides an important opportunity for linking 
local action and public health to wetlands conservation. In the USA, for example, 
the Clean Water Act has become an important tool enabling Native Americans to 
leverage wetland conservation and restoration at a catchment level (USEPA 2000). 
On average, people need 20–50 litres of clean water per person per day for drinking, 
cooking and personal hygiene, yet over 1 billion people lack access to safe water 
supplies and 2.6 billion people lack adequate sanitation (MEA 2005). Wetland veg-
etation plays an important role in improving water quality through extraction of pol-
lutants and pathogens including nitrates, coliform bacteria and faecal streptococci 
(Ghermandi et al. 2007). In fact this role is so useful that artificial wetlands have 
been purposely created for this purpose in France for over 20 years (Molle et al. 
2005), with the design principles behind riparian wetland construction being devel-
oped for stream restoration (D’Arcy et al. 2007). Poor quality water contributes to 
a range of health problems such as diarrhoea, internal parasites and trachoma. Bad 
health due to lack of access to safe drinking water and poor sanitation affects the 
poorest sector of society, with follow-on affects for food security.

Fig. 3   Small-scale fish 
harvesting using traditional 
methods, often by women 
and children provides much 
needed protein—in this case 
along the middle-Zambezi 
river, Zambia. (Photo: A B 
Cunningham)
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Shelter

Building styles and the materials used reflect cultural diversity and preferences for 
particular species, as well as what is available from vegetation change. In many 
developing countries, where house construction reflects need rather than restrictive 
building codes of the developed world, locally harvested plants are the main source 
of low-cost housing. Although hardwoods from upland forests and woodlands are 
preferred for support poles, wetlands are a favoured source of thatching material 
and reeds (Cunningham 1985). In Africa, floodplain grasses and Cyperaceae are 
commonly used for thatching traditional houses. In southern Africa, the common 
reed ( Phragmites australis) was used for wall construction of up to 90 % of homes 
(Cunningham 1985) and in Europe, the same species is used for expensive thatch.

Subsistence Income

For rural people wanting to enter the cash economy, harvesting wild resources (salt, 
fish, shell-fish, useful plants) is an important option, as local knowledge and skills 
can be used to harvest products for trade without an initial investment of cash. Com-
plex trade networks commonly characterize this hidden economy. As mentioned 
earlier, buying power can also help with food security. In many developing coun-
tries, these resources also provide a “green social security”, as unlike Europe, Aus-
tralia and North America, there are no government social security payments in times 
of need. Although income from harvest and trade is small by western standards, its 
values to households should not be underestimated. Trade in fresh, dried or smoked 
fish is widespread through Asia, Africa (Abbott et al. 2007) and Latin America. So 
too, is trade in basketry, including fish traps.

While bamboo and rattans from upland forests and agroforestry systems are a 
common source of basketry fibres in Asia, plants from wetland and high water-table 
palm savannas dominate African basketry fibres. The development of commercial 
craft enterprises since the 1970s has brought much needed income for producers 
and their families, where it is often used for school costs (Cunningham and Terry 
2006). Most southern African basket makers are women from low-income families, 
living in remote rural areas, and are subsistence farmers who own few (if any) 
cattle, and have little or no education. For most weavers, cash income is obtained 
through the sale of home-brewed beer, grain, bread, or thatching grass; casual la-
bour or employment on public works; old age pensions; or money sent by family 
members who are migrant workers. For many, the only consistent source of cash 
income is through the production and sale of handicrafts, especially baskets. As a 
male basket maker in Khwai, Botswana, stated, ‘My baskets are my cattle’. Cultural 
values can also drive commercial harvest. Each year, several thousand Zulu women 
harvest mat rush ( Juncus kraussii) from 20 hectare area of coastal salt-marsh at St 
Lucia estuary, a Ramsar site in South Africa. These culms are then resold or made 
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into sleeping mats prized for their cultural significance at weddings or crafts for 
export, with intensive use causing concern about sustainability (Heinsohn and Cun-
ningham 1991).

Traditional Medicines and New Natural Products

Although traditional medicines are dominated by flowering plant use (most of them 
not from wetlands), it is wetland associated animals (such as leeches and frogs), 
fungi, bacteria and extremophile lower plants (algae) (e.g. Goss 2000) rather than 
flowering plants that provide the most productive sources of new natural products. 
In terms of people’s health, both sectors need to be considered. In some cases, there 
are close links between the new and old uses of organisms, sometimes from dif-
ferent wetlands on different continents. The medicinal leech ( Hirudo medicinalis) 
from European freshwater wetlands provides a good example. Traditionally used 
for bleeding patients in medieval Europe, leeches are now the source of hirudin, the 
first major new anticoagulants brought into health care since heparin was discov-
ered in the early 1900s (Moreal et al. 1996). The link between old and new doesn’t 
end there. To produce sufficient quantities of heparin for therapeutic use requires 
recombinant technology. This is done using bacteria, eukaryotes and yeasts to pro-
duce recombinant forms of hirudin (r-hirudin) (Sohn et al. 2001). Taq polymerase, 
widely used in polymerase chain reaction (PCR) technology, including DNA se-
quencing into the genetic material of another organism, is from DNA polymerase of 
Thermus aquaticus, a bacterial “extremophile” which occurs in the geysers of Yel-
lowstone National Park, where its ability to survive extreme heat enables its DNA 
polymerase to survive the successive heating cycles of PCR. Aside from the direct 
health and economic values of hirundin is the value of the technology developed 
from Thermus aquaticus. Not only did this win its inventor, Karry Mullis, the Nobel 
Prize in 1993, but in 1991, the Swiss pharmaceutical company Hoffman-Laroche 
bought the exclusive world rights to the PCR process for US$ 300 million from 
Cetus Corporation, for whom Karry Mullis worked at the time (Doremus 1999). 
In 2005, worldwide sales of PCR enzymes were reported to be in the range  of 
US$  50–100 million (Lohan and Johnson 2005) and may be more today, given 
growth in the biotechnology field.

These examples illustrate several points relevant to the confluence between wet-
lands, the Ramsar Convention on Wetlands, natural products and human health. 
Firstly, the medicinal qualities of leeches are a good example of the continued value 
of traditional knowledge to health care today. Secondly, new technologies, such as 
rapid throughput screening (White 2000) and PCR are changing the face of new 
natural product development. Thirdly, links between wetland biodiversity and hu-
man health need to focus less on the obvious (such as birds, large mammals or 
plants), than on the “hidden biodiversity” (such as fungi and bacteria). Fourthly, the 
case of biodiversity prospecting for Thermus aquaticus illustrates how controver-
sial this can be, with important policy implications and links to the Convention on 
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Biodiversity (CBD). Finally, the most likely places for promising leads are wetland 
species from environments such as hot springs, alpine wetlands, particularly in high 
diversity montane systems, including the Andes or Himalaya, desert salt-pans, soda 
lakes, highly alkaline or acid streams and high diversity tropical rivers. Many of 
these are not listed as internationally important under the Ramsar Convention, al-
though there are exceptions, such as the hot springs and soda lakes of East Africa’s 
Rift Valley (Lake Bogoria and Lake Elementeita). Given that few Ramsar listed 
wetlands are located on mountains or in deserts, compared to lowlands and along 
the coast, it may be worth considering the addition of wetlands from other environ-
ments to support several goals, including biodiversity conservation.

Traditional Medicines

Worldwide, the skewed distribution of medical doctors is a weakness in pub-
lic healthcare. Typically, high numbers of medical doctors practice in large cities 
of developed countries and low numbers in rural areas of developing countries 
(Wibulpolprasert and Pengpaibon 2003). As a result, traditional medicines continue 
to serve as the main form of health care for an estimated 80 % of people in devel-
oping countries (WHO 2002). Across the world, diverse local health care systems 
have developed over hundreds, or thousands of years through complex and dy-
namic interactions between people and their environment, commonly used to treat 
parasitic diseases, diarrhoea, and for oral hygiene. Use of medicinal plants is also 
widespread in developed countries. In Australia, for example, 48 % of people use 
complementary and alternative medicine (CAM) and 42 % of the population in the 
United States reportedly use CAM (Eisenberg et al. 1998), with use levels increas-
ing significantly over the recent past (Schippmann et al. 2003) (Fig. 4).

Worldwide it is estimated that of 422,000 flowering plants, 12.5 % (52,000) are 
used medicinally with 8 % (4160 species) of these threatened (Schippmann et al. 
2003). At a global scale, export of medicinal and aromatic plants to China, India and 
Germany is huge, with China the largest exporter mainly to Hong Kong, (140,500 t) 
as well as being the world’s major importer (80,550 t) (Lange 1998). Medicinal prop-
erties of plants are commonly concentrated in particular plant families, reflect their 
evolutionary history and ecological adaptations, such as chemical defenses against 
herbivores, fungi or pathogens. Although seeds from common wetland plants such 
as cattail ( Typha), common reed ( Phragmites) and lotus ( Nelumbo nucifera) are 
widely used in traditional medical systems, wetlands dominated by monocotyle-
dons (Cyperaceae, Juncaceae, Typhaceae, Poaceae) are a far less important source 
of medicinal plants than flooded forests, swamp forests and mountain wetlands and 
seepage areas. Many of China and India’s most important medicinal plants, for ex-
ample, are from montane bogs, seepage areas and alpine pastures of the Himalaya 
rather than the coastal systems better represented by Ramsar listed wetlands. Nepal, 
for example exports between 7000 and 27,000 t of medicinal plants a year, most of 
them to India, worth between US$ 7–30 million/year (Olsen 2005). Many of these 
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are montane medicinal plants, including threatened species, the Ranunculaceae 
( Aconitum), Papaveraceae ( Meconopsis), Scrophulariaceae ( Picrorhiza) and Vale-
rianceae ( Nardostachys). Exceptions to the limited number of medicinal plants in 
lowland systems are the flooded forests and swamp forests of the African, Asian and 
South American lowland tropics, which contain a high diversity of medicinal trees 
and shrubs in the Apocynaceae ( Rauvolfia, Tabernaemontana), Clusiaceae ( Clusia, 
Garcinia), Rubiaceae ( Genipa) and Euphorbiaceae ( Phyllanthus).

In Asia, particularly China, India, Pakistan and Vietnam, government support 
for the development and modernization of traditional medical systems is likely to 
increase harvest levels from wild stocks. In India, where the Ayurvedic industry 
is worth an estimated US$  1  billion per year, 7500 factories produce thousands 
of Ayurvedic and Unani formulae (Bode 2006). In China, clinical trials for TCM 
preparations are now frequent (Qiong et  al. 2005) and the plan is to establish a 
series of standards for modern TCM products and a competitive modern TCM in-
dustry through new technology and standardization. In Africa and South America, 
production is less formalised and branding less sophisticated, yet the scale of the 
trade is deceptively large. In South Africa, for example, 1.5 million informal sector 
traders sell about 50,000 tonnes of medicinal plants annually in a region with an 
estimated 450,000 traditional healers (Mander 2004). In common with China, India 
and Nepal, relatively few medicinal species in African and Madagascar trade are 
from wetlands. Notable exceptions are a massive trade in endemic Drosera mada-
gascariensis (Drosearaceae) from Madagascar to Europe (Paper et al. 2005), and in 
southern Africa where several species from montane marshes and seepages, such 

Fig. 4   A traditional medicines market in Xi’an, China, where, many plants and animals, including 
species from wetlands, continue to contribute to health care. (Photo: A B Cunningham)
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as Allepidea amatymbica (Apiaceae) are used for coughs and Gunnera perpensa 
(Gunneracae) which is used in herbal preparations prior to childbirth. Many wild 
species supplying medicinal plant markets are declining in their availability, with 
important implications for primary health care (Cunningham 1993).

New Natural Products

New natural products discovery have been radically changed due to the availability 
of molecular biology, PCR technology (thanks for Thermus aquaticus and innova-
tive research) and genomic sciences (Drews 2000). In many ways, the biotechnol-
ogy industry has become a major tool of the industry. Although the focus of this 
chapter is human health, new natural products have a wide range of other applica-
tions, from agriculture to cosmetics, including some with direct links to habitat 
conservation. The fungal infection, Phytophthora, for example, poses the major 
conservation threat to south-western Australia’s unique flora. One of the active in-
gredients used to treat Phytophthora, known as oocydin A, which has application 
in agriculture and forestry and conservation restoration was developed from Rhyn-
cholacis penicillata (Podostemaceae), a plant from rivers in South-west Venezuela 
associated with an endophytes Serratia marcescens which produced oocydin A, a 
novel anti-oomycetous compound (Strobel et al. 1999).

New antibiotics are a good example of health links to new natural products, with 
5000–10,000 new antibiotics discovered from bacteria and fungi since the 1950s 
and 1960s when well known drugs such as tetracycline were discovered (Chal-
lis and Hopwood 2003). The bulk of these have come from Streptomyces species, 
which are saprophytes found in soil, marine sediments and plant tissues. Endophyt-
ic microorganisms, which are commonly found on plants, including many wetland 
species produce a diverse range of compounds with potential use in medicine, ag-
riculture and industry, including new antibiotics, anti-mycotics, immuno-suppres-
sants and anti-cancer compounds (Strobel and Daisy 2003). The most promising 
wetlands to search for endophytes with commercial potential are high diversity sys-
tems of tropical lowlands, montane and boreal systems rather than mono-dominant 
wetlands. Recent studies in Canadian wetlands are a good example of this (Kuhajek 
et al. 2003). Implementation of the Convention on Biological Diversity’s policies 
on access and benefit sharing are important to recognize as the search for new natu-
ral products continues. These have been outlined recently in the Nagoya Protocol 
(Secretariat of the Convention on Biological Diversity 2012).

In addition to Thermus aquaticus, as the best known extremophile, there is great 
interest in other extremophiles. Wetland examples are the green algae Dunaliella 
acidophila, which survives at pH 0 and Gloeochrysis which lives on stones in acidic 
(pH 2) streams running out of active volcanoes in Patagonia, Argentina (Goss 2000; 
Baffico et al. 2004). The industrial applications of natural products from these ex-
tremeophiles include waste treatment, liposomes for drug delivery and cosmetics, 
and the food industry. This can have both positive outcomes (such  as  waste 
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treatment) and negative outcomes for wetlands and human health (such as their use 
in protein-degrading additives in detergents, made possible due to their ability to 
with stand high temperatures).

Conclusion

In many parts of the world, indigenous and local peoples have existed in harmony 
with wetlands for centuries. In urban-industrial societies this is often not the case, 
resulting in adverse impacts not only on both wetlands and people’s well-being. 
Understanding the links between ecosystem services and human health, as detailed 
by Horwitz and Finlayson (2011) is a crucial entry point for improvements in policy 
and practice for wetland conservation and restoration. Maintaining or restoring wet-
land goods and services cannot be achieved by working in isolation, but has to be 
achieved on the basis of entire watersheds. Achieving this is complex, even on a na-
tional scale, but can be done. A recent process that could be followed is the adaptive 
co-management system developed for a Ramsar listed wetland in the lower Helgeå 
River catchment, Sweden (Olsson et al. 2004). As wetland goods and services be-
come scarcer, interest in the idea of paying others, such as communities on forested 
land, to provide ecosystem services on a sustained basis, is also growing (Katoomba 
Group 2007; Wunder 2007; Horwitz and Finlayson 2011). Worldwide, payment for 
ecosystem services (PES) is at an early stage, so as would be expected, fewer proj-
ects were identified in this recent inventory where money had exchanged hands. In 
Asia, PES schemes relevant to Ramsar are also growing. The first example is water-
shed management projects under RUPES (Rewarding the Upland Poor for Environ-
mental Service) in Philippines, Nepal, Indonesia (Swallow et al. 2005). The second 
case is at a much larger scale, costing 3.65 billion yuan (c. US$ 2.4 billion) between 
1999 and 2001. Planned to reduce soil erosion from steep slopes in catchments, the 
“Grain for Green” programme in China has involved nearly 15 million ha of crop-
land and 40–60 million rural households (by 2010) (Ushida et al. 2005).

Wetland restoration using ecological engineering is also being implemented in 
many parts of the world (Alexander and McInnes 2012). Since the wake-up call 
from hurricane Katrina, good science is also being applied to re-establish ecosystem 
services and reconnect the Mississippi river to the deltaic plain (Covich et al. 2004). 
The ‘Water for Life’ decade ends in 2015. Now is the time to effectively communi-
cate links between wetlands and health to get policymakers to act.
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Abstract  Wetlands provide many essential and important ecosystem services to 
humans, resulting in our considerable reliance on and exposure to various wetland 
environments. A subset of microorganisms and invertebrates commonly found in 
wetlands can cause diseases in humans, some of which are responsible for significant 
disease burden globally. As past disease outbreaks and emergence arising from wet-
lands have shown, the combination of predicted intensification of extreme weather 
events, human needs for land and natural resources, and biodiversity loss in the future 
are likely to drive the transmission of infectious diseases, resulting in an increasing 
burden of water-borne diseases, particularly where sanitation infrastructure is poor. 
The importance of preventing contamination, providing adequate sanitation and 
preserving or restoring healthy, service-providing ecosystems as strategies for risk 
mitigation are therefore underlined. A greater understanding of the complexities of 
wetland ecosystems and the interlinked environmental, microbiological and human 
factors that lead to infection risk should therefore be an objective of future research.

Keywords  Infectious disease · Disease emergence · Disease outbreaks · 
Environmental health · Public health · Water-borne diseases · Ecosystems ·  
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Human Exposure to Wetlands

Wetlands encompass a diverse range of water-based environments, upon which 
humans are heavily reliant for the provision of resources, and the site of many 
economic and cultural activities. For these reasons, most communities around the 
world are located in or near wetlands.
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In this chapter, the term ‘wetlands’ includes both inland water systems such as 
lakes, rivers, streams, swamps, marshes, cultivation fields, and also shallow coast-
al environments such as estuaries, and mangrove systems. Wetlands are distrib-
uted throughout the world, though water-borne infectious diseases associated with 
these environments have the largest impact in low-income countries, as discussed 
below.

Wetlands provide many essential or important ecosystem services to humans 
(Corvalan et al. 2005; Horwitz et al. 2012). Chief amongst these services is the pro-
vision of water for drinking and other purposes, food, livelihood, and building ma-
terials. Wetlands also provide regulatory services, such as buffering from storms or 
floods, filtering of nutrients and pollutants, carbon sequestration and the regulation 
of disease causing pathogens. The cultural identity of many people and communi-
ties is shaped by wetlands, which are also settings for recreational, cultural, and 
spiritual activities important for psychosocial well-being. Due to this strong, multi-
faceted reliance on wetlands, humans have significant exposure to them. Exposure 
can be direct (e.g. spending time in the wetlands) (Fig. 1), or indirect if water and 
food originate from wetlands. Developing world and rural populations are likely to 
have more direct exposure to and a greater degree of reliance on wetlands, and are 
therefore more likely to be exposed to the associated hazards as well as benefits. 
In this chapter, we discuss water-borne infectious diseases and their transmission as 
determinants of human health within a wetland setting. For a discussion of the ben-
efits wetlands provide to human health and well-being, see Horwitz et al. (2012), and 
for vector-borne infectious diseases associated with standing water, see Carver et al. 
(2015) in this publication.

Fig. 1   Family living on Tonlé Sap Lake, Cambodia. Photo: Nelson Lau
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Infectious Diseases in Wetlands

The biodiversity found in wetlands are largely responsible for the important eco-
system services they provide. However, ‘biodiversity’ also encompasses organisms 
that can be detrimental to human health.

Wetlands provide an aquatic or semi-aquatic, often relatively stable, environ-
ment with optimal conditions (in terms of water flow, nutrients, temperature, sa-
linity) for the survival or proliferation of certain bacteria, protozoa, viruses, and 
helminths, as well as their plant and animal hosts, reservoirs or vectors. A subset of 
these organisms can cause disease in humans, some of which are associated with 
significant disease burden.

This chapter focuses on water-borne infectious diseases affecting humans, where 
the causative organisms are transmitted in aquatic or semi-aquatic (e.g. water-logged 
soil) environments inherent to wetlands. The transmission of water-borne patho-
gens can occur via the faecal-oral pathway, or through skin or mucous membrane 
surfaces. Though inland wetland environments alone cover millions of hectares on 
all inhabited continents (see Finlayson and D’Cruz 2005), and water-borne diseases 
are a threat to people everywhere (see Tables 1 and 2), the burden of water-borne 
diseases is heavily skewed by regional socio-economic status. Water-borne diseases 
(also occurring outside of the wetland setting) are a major cause of mortality and 
illness amongst the world’s poorest populations. For example, the World Health 
Organisation estimates that, globally, 4 billion cases of diarrhoea per year arise from 
lack of access to clean water (Finlayson and D’Cruz 2005). In 2004, there were 
1.9 million estimated deaths worldwide due to diarrhoea and other diseases associ-
ated with poor water and sanitation (WHO 2009c).

Diseases Transmitted via the Faecal-Oral Route

Faecal-oral disease transmission occurs when pathogens contained in the faeces of 
a host animal are introduced to the gastrointestinal tract of another host. Within a 
wetland setting, human exposure to pathogens transmitted by the faecal-oral route 
occurs through drinking contaminated water, incidentally ingesting contaminated 
water through swimming/washing, or consuming contaminated food that originated 
from wetlands (e.g. vegetables, molluscs and fish). Contamination of water occurs 
by faecal matter being excreted or washed into the wetlands (e.g. during heavy 
rainfall or flooding). Infected people, wild animals and livestock are all important 
sources of contamination. Land use and other anthropogenic activities that maxi-
mise the presence of hosts, and excretion of their faecal matter into wetlands, there-
fore increase infection risk. Common examples of faecal-oral diseases transmitted 
in wetlands are shown in Table 1.
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Diseases Transmitted via Skin or Mucous Membrane Contact

Certain pathogens infect humans by directly penetrating skin surfaces (particularly 
through scratches, sores, cuts, and penetrating injuries), or mucous membranes (e.g. 
eyes, nostrils). Human exposure to these pathogens usually occurs through direct 
contact with water and/or soil. Activities involving partial or full immersion such as 
swimming, washing, and fishing, are therefore commonly associated with exposure. 
Like most faecal-oral pathogens, many skin-transmitted pathogens originate from 
animal reservoirs and their presence and abundance in the environment depends 
on the shedding of pathogens by reservoirs into the water. Some parasites, such as 
the flatworms causing schistosomiasis, require certain species of freshwater snail 
as intermediate hosts (Case Study 2). Unlike passively acquired water-borne infec-
tions, such pathogens actively seek out humans and other warm blooded animals 
as definitive hosts. Completion of their lifecycle thus requires the presence of both 
intermediate and definitive hosts species within the wetland. Common examples of 
skin and/or mucous membrane transmitted diseases associated with wetlands are 
listed in Table 2.

Environmental and Anthropogenic Drivers  
of Infectious Disease Transmission in Wetlands

Environmental change and disruption, in its many forms and sources, disrupts the 
natural equilibrium existing between and within abiotic (non-living) and biotic (liv-
ing) components of a wetland. Changes in the presence, abundance and transmis-
sion dynamics of pathogens may result from such disturbances (Patz et al. 2000), 
altering exposure risk and disease burden in humans. Both the complexity and our 
lack of understanding of these dynamics mean that changes in infectious disease 
risk in wetlands are often difficult to predict. Furthermore, wetlands ecosystems are 
not only vulnerable to internal, spatially immediate perturbations, but often have a 
high level of connectivity to adjacent landscapes via watershed systems, thus in-
creasing vulnerability to environmental change.

Environmental change leading to altered infectious disease dynamics is catego-
rised and discussed below under three main themes: climate, human activities, and 
biodiversity. These types of change are highly interrelated, and can interact syner-
gistically as different links of the causal chain leading to disease outbreak in a wet-
land setting. Figure 2 illustrates how the transmission of infectious diseases can be 
driven by the complex interactions between human activities, climate, and other 
biotic and abiotic environmental factors.
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Climate

Climate has been known to affect water-borne diseases principally by warming tem-
peratures and by heavy rainfall and flood events (Rose et al. 2001; Hunter 2003), 
both of which affect wetland environments. On a global scale, high rainfall and 

Fig. 2   Interaction of the major factors affecting infectious disease risk to humans in a wetland 
setting
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floods, as well as the warmer temperatures which often drive them, are predicted 
to increase in frequency and intensity in the future (Pachauri and Reisinger 2007).

Rainfall and Flooding

There is a strong correlation between high rainfall events, which may culminate in 
flooding (though flooding can also result from tidal surges or snowmelts), and out-
breaks of various infectious water-borne diseases. A review by Curriero et al. (2001) 
of water-borne disease outbreaks in the USA found that 68 % of the outbreaks re-
ported to the Environmental Protection Agency between 1948 and 1994 were pre-
ceded by heavy rainfall. Heavy rainfall and flooding could drive water-borne infec-
tious disease transmission through a number of mechanisms that relate both to the 
presence and persistence of pathogens, and to subsequent human exposure.

Increased precipitation leads to swollen and often altered water flow routes, link-
ing upstream sources of pathogen contamination or pollution into wetlands (Hunter 
2003). For example, runoff from livestock pastures may carry faecal matter into 
surface water bodies such as streams and lakes, causing faecal-oral transmission of 
disease to people using the wetlands downstream. Concentrations of faecal indica-
tor organisms during an unusually wet winter caused by El Niño climatic patterns 
were found to be several times higher than at any other time of the year in Char-
lotte Harbour Florida (Lipp et al. 2001). Once pathogens are present, above aver-
age rainfall can also create optimal conditions within a wetland environment for 
proliferation, such as changes in nutrient levels, water flow, turbidity, salinity, pH, 
and other aspects of water composition. Algal blooms fuelled by both high nutrient 
levels and by the lowered salinity caused by freshwater runoff into estuaries have 
caused counts of pathogenic Vibrio bacteria to peak on various occasions in Florida 
(Rose et al. 2001).

Increased water turbidity caused by run off also can place major stress on the 
filtration systems of water treatment plants (Hunter 2003). The infamous cryptospo-
ridiosis outbreak of Milwaukee, Wisconsin in 1993 was partly attributed to the city 
water treatment system being compromised by sediment run off caused by heavy 
rainfall (MacKenzie et al. 1994; Rose et al. 2001). Floods may more directly in-
crease human exposure to water-borne diseases by washing pathogens from their 
natural environment (e.g. a wetland) into urban areas where contact with people is 
highly likely (see Fig. 3). This scenario frequently occurs in low-lying, densely pop-
ulated areas with poor sanitation, such as urban slums in lower income countries. 
The numerous outbreaks of leptospirosis following flooding provide an example of 
this problem (see Lau et al. 2010 and Case Study 4).

Warming

Summer is commonly the season in which infectious diseases from aquatic envi-
ronments peak in high-income regions such as North America (Rose et al. 2001; 
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Dziuban et al. 2006). Warmer water temperature has been shown to be optimal for 
the survival and proliferation certain water-borne pathogens. This may be due to the 
direct effects of temperature on the pathogens, or the effect temperature has on the 
abundance of host or associated species.

Higher rates of isolation of Vibrio cholerae from the environment in warmer 
months have been reported in North America (Lipp et al. 2002). Warmer tempera-
tures are known to drive phytoalgal blooms in shallow coastal areas, which are 
followed by zooplankton blooms, and closely associated Vibrio cholera (Lipp et al. 
2002) (see Case Study 1, below). The parasitic amoeba Naegleria fowleri, an agent 
of meningoencephalitis, has also been shown to occur in thermally heated-water 
bodies (Sykora et al. 1983). Conversely, warmer water temperatures may reduce 
the survival of Vibrio cholera in some cases, and also of E.coli, Campylobacter spp. 
and enteroviruses (Hunter 2003).

Importantly, warming also increases the risk of infection by influencing human 
behaviour and exposure to wetlands, e.g. by encouraging water-based recreational 
activities. Many outbreak reports in high-income countries countries involve swim-
mers rather than contamination of drinking water (e.g. Dziuban et al. 2006).

It has also been proposed that increased evaporation rates or drought driven by 
warming can drive the transmission of zoonotic water-borne diseases such as lepto-
spirosis (Dufour et al. 2008; Lau et al. 2010). Reduced size and availability of water 

Fig. 3   Flood-prone community on Saibai Island, Torres Strait Islands, Australia. (Photo: Colleen 
Lau)
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bodies may cause crowding of both reservoir species and humans, and consequently 
lead to increased pathogen load in the water, more contact between animals and 
humans, and greater opportunities for transmission. Pathogen concentration could 
also be higher when water levels are low.

Like the flooding of important wetlands and water sources, the drying of wet-
lands in drought can cause the forced displacement of populations. In low-income 
countries, this is likely to lead to poorer living conditions with overcrowding, in-
adequate clean water and sanitation, and slum-like conditions. Such environments 
provide favourable conditions for the proliferation and transmission of pathogens. 
Combined with the vulnerability and poor resilience typical of displaced popula-
tions, infection risk and disease burden are likely to be high.

Case Study 1

Cholera: A faecal-oral water-borne diarrhoeal disease with a complex 
ecology

Each year, an estimated 3–5 million people worldwide develop cholera by 
ingestion of water or food contaminated with the bacterium Vibrio cholerae 
(toxogenic strains O1 and O139 are the cause of epidemic cholera), result-
ing in an estimated 100,000–120,000 deaths (WHO 2013a). Cholera is an 
acute intestinal infection which is asymptomatic in approximately 75 % of 
cases, but severe cases typically result in profuse watery diarrhoea that can 
rapidly lead to severe dehydration and death (WHO 2013a). The vast major-
ity of cases occur in developing countries, where water treatment and sanita-
tion infrastructure are non-existent or inadequate. Vibrio cholerae bacteria 
have been detected in coastal, estuarine and riverine waters throughout the 
world, though the disease is only endemic in certain tropical and subtropical 
regions (Lipp et al. 2002). Epidemic foci in the past few decades originated 
from South Asia and spread to sub-Saharan Africa (95 % of cases reported 
between 2001 and 2009 were from Africa (WHO 2013a)) and South and Cen-
tral America. Over 60 % of cases reported globally for 2011 occurred in Haiti 
(WHO 2012b).

The transmission dynamics of Vibrio cholerae exemplifies the intricate 
interplay between the biotic and abiotic conditions of the wetland environ-
ment; the landscape, climatic and human factors shaping that environment; 
and the human populations at risk of infection. This spatially and tempo-
rally variable relationship between the disease, the aquatic environment and 
climate has been termed the “Cholera paradigm” (Colwell 1996), and is a 
focus of ongoing research. The complexity of cholera transmission dynamics 
are partly attributable to the fact that, while Vibrio cholerae are capable of 
existing independently within an aquatic environment, they are most often 
attached to tiny invertebrate species such as copepods that make up zooplank-
ton (Constantin de Magny et al. 2008). One major factor affecting pathogen 
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abundance is therefore biotic, which in turn is influenced by a multitude of 
factors, such as the phytoplankton (made up of algae) which zooplankton 
feed on. Cholera epidemics are often preceded by algal blooms (Constantin 
de Magny et al. 2008), which are driven by proximate abiotic factors related 
to water chemistry and temperature resulting from broader scale climatic and 
environmental conditions such as rainfall and nutrient influx (see Fig. 4, and 
Lipp et al. 2002). For example, in coastal, cholera-endemic areas of the Bay 
of Bengal, temporal and spatial analysis of environmental data found a posi-
tive correlation between phytoplankton levels (driving cholera outbreaks) and 
periods of high river discharge of terrestrial nutrients. Environmental condi-
tions may not only affect V. cholerae abundance, but also the prevailing sero-
type, and even the expression of virulence genes (Lipp et al. 2002), both of 
which have direct impact on the risk and severity of infections. 

In the great lakes region of Africa (including parts of Burundi, Rwanda, 
Democratic Republic of Congo, Tanzania, Uganda and Kenya), cholera has 
reemerged and persisted since 1977, with over 322,000 cases reported between 
1999 and 2008 (Nkoko et al. 2011). Several studies have found that living on 
a lake or river shore is statistically correlated with cholera infection (Nkoko 
et al. 2011), with many residents using sewage-contaminated lake water for 
drinking and cooking. Furthermore, Nkoko et  al. (2011) found that lake-
side locations were the only areas where the disease persisted continuously 
over the 30-year study period, suggesting these lakes are the environmental 

•

•
•

•
•

•
•
•

•
•

Fig. 4   The principal known components of drivers of Vibrio cholerae within a wetland environ-
ment and its transmission to humans as the cause of cholera
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Human Activities

Land use changes arising from human activities are the primary drivers of many 
infectious disease outbreaks and also of the geographic distribution of endemic dis-
ease (Patz et al. 2000). Human activities related to urbanisation, agriculture, mining 
or industry frequently cause changes in both hydrology and biodiversity, leading 
to alterations of wetlands and their disease dynamics. Globally, agriculture alone 
occupies half of all land and consumes over two thirds of the world’s fresh water 
(Horrigan et  al. 2002), demonstrating the extent of anthropogenic impact on the 
earth’s ecosystems.

The direct alteration and pollution of wetlands and their watersheds are two re-
sults of human activities that drive the presence and proliferation of pathogens in 
wetlands, whilst human behaviour determines exposure to these pathogens.

Direct Alteration of Watercourses, Watersheds and Wetlands

Most human activities within and around wetlands cause changes to watercourses, 
including the source, direction, volume and velocity of water input and output, and 
their nutrient and pathogen load. Activities such as damming, draining and irriga-
tion may even create a new wetland or remove it completely. Similar to the manner 
in which rainfall could drive disease transmission in wetlands, altered water flow 
may link sources of pollution, such as sewage or agricultural pastures to wetlands. 
Contaminated water can also be transported from wetlands to susceptible human 
populations through altered watercourses. Altered environments may also drive dis-
ease by creating optimal environmental conditions for pathogens and/or their hosts, 
as in the case of schistosomiasis (see Case Study 2).

Case Study 2

Schistosomiasis—A parasitic water-borne disease
Schistosomiasis (also known as Bilharzia) is caused by infection of 

humans by certain species of the trematode flatworm genus Schistosoma. 
Malaria is the only parasitic disease affecting more people worldwide. As of 
mid 2003, an estimated 779 million people were at risk of schistosomiasis, 

reservoir for the region. The dry season increase of cholera cases are likely 
attributable to fishermen who camp on seasonally exposed islands in the lake 
in crowded conditions, with no access to clean water or sewage systems. The 
fishermen thus become human reservoirs for cholera and perpetuate the trans-
mission cycle, even if the pathogen would otherwise have disappeared from 
the environment (Nkoko et al. 2011).
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and 207 million were infected (Steinmann et al. 2006). In 2011, it was esti-
mated that at least 243  million people required treatment for the disease 
(WHO 2013c). Common symptoms of acute infection (Katayama fever) 
include rash, itching, fever, chills, coughs, and muscle aches; while chronic 
infection results in inflammation and scarring of the intestines and bladder. 
In children, schistosomiasis can result in malnutrition, anemia and cognitive 
impairment (CDC 2012).

Schistosomiasis transmission has been recorded in 78 countries through-
out tropical and subtropical regions of Africa, Asia, South America and the 
Caribbean (WHO 2013c). Each pathogenic Schistosoma species has a dif-
ferent geographic distribution, largely dependent on that of the correspond-
ing freshwater snail species serving as intermediate hosts (Patz et al. 2000; 
DeJong et al. 2001). Despite this trans-continental distribution, 90 % of peo-
ple requiring treatment in 2011 lived in Africa (WHO 2013c).

The Schistosoma lifecycle (summarised in Fig. 5) requires a freshwater 
environment, with access to both aquatic snail hosts and warm-blooded ver-
tebrate hosts, i.e. birds, humans, or other mammals. People spending time 
in natural and artificial freshwater wetlands containing the parasite and its 
snail host species risk infection by free-swimming Schistosoma larvae (cer-
cariae), which actively seek hosts and penetrate their skin. In the body, larvae 
mature in the portal veins before paired adults migrate to the bowel, bladder, 
or female genital tract depending on the species. Eggs pass into these tracts 
and are shed through urine and faeces (CDC 2012). If eggs are shed into a 
wetland environment (commonly by urinating directly into the water, or rain-
fall washing nearby faeces into the wetland), they hatch in the water and the 
miracidia larvae infect snail hosts where asexual reproduction occurs.

Water temperature, flow velocity, as well as rainfall (which may be needed 
to wash egg bearing host faeces into the water), are all important abiotic fac-
tors determining wetland suitability for Schistosoma spp. in their free swim-
ming stages (Appleton and Madsen 2012). However, as obligate parasites, 
host availability is crucial. For the snail hosts ( Bulinus spp.) of Schistosoma 
masoni and S. haematobium common to Southern Africa, water temperature, 
flow velocity, chemistry (e.g. dissolved oxygen, calcium carbonate), turbid-
ity, substrate and habitat structure are some of the main factors that determine 
distribution (Appleton and Madsen 2012). Perennial water bodies are gener-
ally more suitable for these snail hosts than seasonal wetlands (Appleton and 
Madsen 2012). Snail hosts have commonly colonized wetlands created or 
altered by humans (e.g. dams or irrigation systems), where the slowed water 
flow provides suitable conditions for aquatic weeds (e.g. water hyancinth) to 
proliferate, creating predator- and competitor-free refuges for snails to breed 
in (Appleton and Madsen 2012). Such environmental changes have resulted 
in local emergence or increasing incidence of human schistosomiasis (Amin 
et  al. 1982; N’goran et  al. 1997; Patz et  al. 2000; Steinmann et  al. 2006; 
Appleton and Madsen 2012).
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For people using wetlands, swimming, fetching water, washing clothes, 
fishing and rice cultivation are common activities associated with exposure 
to Schistosoma parasites (Appleton and Madsen 2012; WHO 2013c). Preva-
lence tends to be higher in children due to increased time spent immersed 
in water at hot times of the day (when the free swimming cecariae are most 
active), and a tendency to urinate whilst in the water, thus re-infecting popular 
swimming locations (Steinmann et  al. 2006; Appleton and Madsen 2012). 
Travellers engaging in ecotourism activities such as swimming or kayaking in 
schistosomiasis-endemic areas are also at risk (Schwartz et al. 2005).

Without preventative measures, schistosomiasis incidence is likely to 
increase in the future. Population growth will result in higher density popula-
tions living in closer proximity to wetlands, therefore increasing contamina-
tion of wetlands with human waste (Appleton and Madsen 2012). Population 

Fig. 5   Human and environmental factors affecting schistosomiasis transmission within a wetland 
environment
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Pollutants

Human sewage and livestock manure are two pollutants arising from urbanisation 
and agriculture which are frequently sources of wetland contamination (see out-
break examples in Table 1). Cabelli et al. (1982) reported a positive linear relation-
ship between gastroenteritis in swimmers and microorganisms counts in sea water 
(marine E.coli and enterococci). Furthermore, the frequency of symptoms was in-
versely related to distance from municipal waste water source. Similarly, in slum 
residents of Salvador, Brazil, living in flood-prone valleys with open sewers was 
associated with leptospirosis infection (Reis et al. 2008).

Non-faecal pollutants arising from agriculture, aquaculture, mining and industry 
can also drive disease by washing nutrients and sediments optimal for pathogen or 
host growth into wetland environments. The direct links between eutrophication 
(excessive plant or microorganism growth, such as algal blooms, caused by nutri-
ent inputs) and cholera outbreaks exemplify the effect of nitrogen and phosphorus 
inputs into aquatic environments (Epstein 1993).

growth will also create more Schistosoma-endemic wetlands, as intensive 
agriculture drives the creation of more dams and irrigation systems (Stein-
mann et  al. 2006). Schistosomiasis control calls for careful, case-specific 
wetland management (Steinmann et al. 2006; Appleton and Madsen 2012). 
Reducing habitat suitability for snail hosts may be addressed by designing 
irrigation systems which maintain sufficiently fast waterflow and a host of 
diverse flora and fauna (Appleton and Madsen 2012). Direct snail control 
with molluscicides have also proven effective in reducing local disease preva-
lence (Appleton and Madsen 2012). Wetland management also needs to be 
complemented by public health interventions including the provision of clean 
water and sanitation infrastructure, large-scale schistosomiasis treatment, and 
education about the risk factors in order to reduce human exposure to this 
disease (WHO 2013c).

Case Study 3

Cyrptosporidiosis and Giardiasis: faecal-oral infections arising from 
wetland or watershed contamination

Giardiasis and cryptosporidiosis are intestinal infections caused by the 
unicellular protozoan parasites Giardia intestinalis (also known as G. duode-
nalis and G. lamblia), and members of the Cryptosporidium genus, primarily 
C. parvum and C. hominis, respectively. Both infections can cause acute diar-
rhoea, abdominal cramps, and nausea. Symptoms can last for many weeks if 
untreated, or recur after treatment. In children, chronic giardiasis can lead to 
malabsorption, weight loss, and delays in physical and mental development.

Cryptosporidiosis may cause serious or even fatal complications in immu-
nocompromised patients (CDC 2013b). Cryptosporidiosis and giardiasis 
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Fig. 6   Livestock pastures near the Rakaia River, New Zealand. Photo: Ghislaine Arteon

 

occur in both high and low-income countries throughout the world. An esti-
mated 33 % of people in developing nations have had giardiasis (CDC 2013c), 
while the prevalence of C. parvum in stool samples of gastroenteritis patients 
was reported to be as high as 20 % in Africa, Asia, Australia, and south and 
central America (Current and Garcia 1991; Fricker et al. 2013).

Giardia and Cryptosporidium spp. possess key characteristics that increase 
their ecological success as water-borne pathogens likely to infect people 
exposed to freshwater wetland environments (Weinstein et al. 2000). In addi-
tion to having human reservoirs, both pathogens are potentially zoonotic. Cer-
tain strains of C. parvum responsible for human outbreaks have cattle hosts. 
G. intestinalis is prevalent in a wide range of livestock (including cattle and 
sheep) and wild mammals, and at least one genotype has been found to infect 
both humans and other mammals (Monis and Thompson 2003). Animal and 
human faeces thus provide sources of contamination of wetland waters. Fur-
thermore, Giardia cysts or Cryptosporidium oocysts shed through faeces into 
the environment are robust and capable of persisting in water and soil (Mawd-
sley et  al. 1995). Oocysts and cysts can therefore wash across agricultural 
pastures, through watersheds, or through sewage systems, into surface waters 
and persist there (Hansen and Ongerth 1991) (see Fig.  6). In environmen-
tal surveys across North America, Giardia and Cryptosporidium were found 
more frequently in water bodies receiving sewage and agricultural discharge 
than in pristine waters (Rose et  al. 1991). Importantly, Cryptosporidium 
oocysts are resistant to chlorination and most filtration measures employed in 
water treatment for drinking water supplies (Weinstein et al. 2000).
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Human Use of Wetlands

Human interactions with wetland environments arising from food and water pro-
vision, occupational or recreational and cultural activities vary greatly between 
individuals, communities and wider populations. Consequently, their exposure to 
infectious disease agents found in wetlands will also vary. Socio-economic status 
and level of water and sewage infrastructure profoundly influence the reliance on 
and exposure to wetlands and their pathogens. Populations in low-income regions 
where people must collect water directly from wetlands for drinking, domestic, 
and livestock purposes have a much higher water-borne disease burden than ur-
ban populations from developed countries who drink high quality treated water and 
largely use wetlands for non-essential recreational pursuits. In 2004, for example, 
some 1.9 million deaths resulted from unsafe water, sanitation and hygiene issues 
globally, with less than 0.5 % of these deaths coming from high-income countries 
(WHO 2009c).

Education level and knowledge are another important factor influencing human 
disease risk in wetland environments. The risk levels individuals and communities 
expose themselves to can be greatly reduced by knowledge of risk factors and risk 
mitigation strategies (e.g. hand washing between exposure to water and eating as 
a precaution against faecal-oral infection). In American Samoa, knowledge about 

Epidemiological studies repeatedly demonstrate that human use of wet-
lands, whether as a source of drinking water or for recreational activities, 
could expose people to significant risk of cryptosporidiosis and giardiasis. 
During a summer cryptosporidiosis outbreak of some 2000 persons visiting 
a New Jersey state park, swimming in a lake was strongly associated with 
infection (Kramer et  al. 1998). In New England, USA, giardiasis was sig-
nificantly associated with drinking untreated surface water and swimming 
in fresh water (Dennis et al. 1993). Sporadic giardiasis in South West Eng-
land was associated with swallowing water while swimming, and recreational 
fresh water contact (Stuart et al. 2003). Groups most likely to drink untreated 
or inadequately treated surface water include populations in rural and/or 
developing areas (both residents and travellers), and recreational hikers and 
campers.

The ability of pathogenic Cryptosporidium spp. and Giardia intestinalis to 
contaminate a wetland environment from sources not immediately proximate 
to that wetland emphasises the importance of risk mitigation at a broader, eco-
logical level (Weinstein et al. 2000). Considering hydrological drainage pat-
terns, reducing agricultural runoff and careful planning of farm and pasture 
practices accordingly are possible approaches (Weinstein et al. 2000, Moham-
med and Wade 2009). Pre-emptive management is particularly important for 
minimising Cryptosporidium spp contamination drinking water sources, 
since the pathogen is difficult to eliminate during water treatment.
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leptospirosis was found to be associated with a lower risk of infection, probably be-
cause of precautions taken to reduce exposure, e.g. wearing protective clothing and 
gloves and avoiding flood waters (Lau et al. 2012) (see Fig. 7). At a community or 
regional scale, knowledge of how preservation and appropriate management of eco-
systems such as wetlands benefits human well-being can lead to less environmental 
degradation and better health outcomes, including lowered disease risks. Similarly, 
prevailing attitudes (shaped by culture, history, competing economic/social inter-
ests) at individual, community and regional levels towards wetland use, preserva-
tion and management, influence disease risk and wetland integrity. The previously 
widespread practice of draining wetlands to reduce mosquito populations and ma-
laria risk is an example of how attitudes and knowledge shaped both disease risk 
and the fate of an ecosystem (Horwitz and Finlayson 2011). This example also 
raises the point that human attitudes and behaviours concerning use of wetlands are 
dynamic over time and space, and prone to change in response to changes in the 
abiotic and biotic environment.

Children are particularly vulnerable to water-borne infectious diseases in wet-
lands because of their behaviour, e.g. poor personal hygiene and hand washing, 
increased time spent outdoors, and playing in water. For many pathogens, children 
are more susceptible to infection because of their naïve immune systems and more 
likely to develop serious complications, e.g. severe dehydration from cholera (Lau 
and Weinstein 2011).

Fig. 7   A public health warning of leptospirosis risk in streams in American Samoa. Photo: Nelson 
Lau
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Biodiversity Loss

Despite high biodiversity having the potential to increase infectious disease expo-
sure and transmission to humans, a substantive body of evidence from a variety 
of settings support the notion that biodiversity loss generally results in increased 
infectious disease transmission (Keesing et al. 2010). Wetland biodiversity can af-
fect disease risk to humans by regulating pathogen numbers, either directly or by 
regulating hosts.

Bioregulation occurs when other species in the eco-system prevent a pathogen 
or host species from establishing or becoming overly abundant; whether by preying 
on it or competing with it for resources (Ostfeld and Holt 2004). More biodiverse 
ecosystems are more likely to support predator and competitor species that exert 
effective bioregulation on disease causing species (Ostfeld and Keesing 2000). The 
bioregulation concept is illustrated by the human overfishing of snail-eating fish 
in Lake Malawi, which was followed by a population boom in a snail host species 
of Schistosoma haematobium, and increased local prevalence of schistosomiasis 
(Madsen et al. 2001).

The dilution effect acts when a pathogen has a number of species it can use as 
a host or reservoir within an ecosystem. If these different species are differentially 
competent hosts, and the pathogen has a finite number of transmission opportuni-
ties, then transmission to competent hosts are ‘diluted’ by transmission events being 
‘wasted’ on less competent hosts, reducing overall disease transmission (Ostfeld 
and Keesing 2000). A recent study examining Ribera ondatrae infection (flatworm 
parasite of amphibians) across 345 wetlands in the US found that highly competent 
host species dominated less biodiverse wetlands. Consequently, pathogen transmis-
sion and pathology was significantly lower in species rich wetlands than in species 
poor wetlands (Johnson et al. 2013).

Loss of wetland vegetation can also directly increase exposure to pathogens, 
as has been shown for campylobacteriosis in New Zealand (Weinstein and Wood-
ward 2005). Removal of deep rooted vegetation firstly results in soil erosion and 
increased runoff from surrounding areas into wetlands, therefore making contami-
nation from sources such as livestock pastures more likely. Importantly, the viabil-
ity of pathogens in wetlands can also increase when pathogens which have not yet 
exceeded their half life fail to be sequestered by natural vegetation (Weinstein and 
Woodward 2005). Removal of vegetation can also create conditions ideal for patho-
gen growth, as in the case of Mycobacterium ulcerans, which favours increased 
water temperatures, sediment and nutrient levels arising from loss of riparian veg-
etation (Merritt et al. 2010).

Case Study 4

Leptospirosis: A Water-borne Disease and its Environmental Drivers of 
Transmission in a Wetland Setting.

Leptospirosis is the most common bacterial zoonotic disease, with an esti-
mated 500,000 severe cases occurring worldwide each year. While leptospirosis 
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can be asymptomatic or manifest as a mild non-specific febrile illness, it can also 
cause serious complications such as renal and liver failure, pulmonary haemor-
rhage, meningoencephalitis, and death (WHO 2011).

Leptospires rely on various mammal species as maintenance hosts (includ-
ing rats, pigs, cattle, horses, dogs, marsupials and bats), and can survive in 
aquatic and humid environments once shed via animal urine. Human infec-
tion occurs through mucosal or skin surfaces upon contact with infected ani-
mal tissue or urine, or through contaminated water and soil. Occupational 
and recreational exposures related to wetlands, such as rice harvesting, fish-
ing, swimming, and kayaking are therefore important risk factors. Although 
developing countries in tropical regions face the highest disease burden, lep-
tospirosis outbreaks occur in a range of settings—differing in climate, level 
of urbanisation, and socio-economic development.

Animals and the environment are important factors that determine the 
transmission ecology of leptospirosis, and infection risk is therefore inti-
mately linked to the interplay between the environment (including anthro-
pogenic land use), animal host species, and human behaviour (see Fig. 8). 
Consequently, leptospirosis provides a pertinent example of an infectious dis-
ease where transmission is driven by environmental change and disruption of 
wetlands. 

The 2002 outbreak that affected hundreds of people in Jakarta, Indonesia 
(Victoriano et  al. 2009) is one of many examples of high rainfall/flood 
events preceding increased leptospirosis incidence (Lau et al. 2010). Massive 
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Fig. 8   Transmission ecology of leptospirosis in a wetland environment, with proximate and ulti-
mate drivers of disease transmission. (Adapted from Lau and Jagals 2012)
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Wetland Degradation and Vulnerability: A Vicious Cycle

Altering wetland ecosystems and surrounding landscapes may drive disease risk in 
a twofold manner. Primary threats and disruptions are described above. However, 
these also compromise a wetland’s resilience to environmental assaults and its abil-
ity to deliver ecosystem services which are protective from both infectious diseases 
and further environmental degradation. These services include buffering against 
floods (Brody et  al. 2007; Granek and Ruttenberg 2007), water purification and 
pollutant filtration (Malaviya and Singh 2012), and bioregulation of harmful and/or 
invasive species (Madsen et al. 2001).

The Future of Infectious Disease Dynamics in Wetlands

As the major threats to wetland ecosystems and consequent drivers of disease risk, 
climate change, pressures from anthropogenic land use, and biodiversity loss are 
all predicted to intensify in the future. High rainfall, flooding, and extreme weather 
events (e.g. cyclones) are predicted to become more frequent as average tempera-
tures continue to increase (Pachauri and Reisinger 2007).

An expanding global population will place wetlands and their watersheds under 
mounting pressure in several ways. Increased need for food will result in more 
widespread, intensive agriculture. Increased need for water supplies will necessitate 
changes to water flow, such as building of dams. Urbanisation will also mean more 

flooding of urban areas brought inhabitants into contact with contaminated 
water, and cats, dogs and cattle were identified as the main potential res-
ervoirs. The flood-prone situation of Jakarta (on the delta of the Ciliwung 
River) is itself an example of anthropogenic environmental change (high den-
sity urbanisation) of a wetland.

Increased temperatures are another form of climate change that can drive 
leptospirosis transmission. Warmer and more humid climates increase lep-
tospire survival (Levett 2001; Victoriano et al. 2009; Lau et al. 2010), and 
may also modify human behaviours that result in increased exposure (e.g. 
swimming). There is also evidence that ecosystems with lower biodiversity 
(e.g. on remote islands, or resulting from environmental degradation), par-
ticularly those with fewer mammal species, have higher human leptospirosis 
incidence, potentially due to the regulation of leptospire-bearing rat popula-
tions (Derne et al. 2011).

Human population growth and the consequent pressures on natural 
resources, environmental change, and global climate could therefore impact 
on the transmission of leptospirosis via multiple pathways.
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encroachment into wetland areas. Intensification of agriculture and urbanisation 
will also cause biodiversity loss. The resulting degradation of wetland environments 
will compromise their ability to provide disease regulation as an ecosystem service. 
Increased interaction between humans, other disease hosts and wetlands will also 
heighten exposure to wetland pathogens. Furthermore, an ever-growing need for 
urban, agricultural and industrial areas may outcompete conservation priorities and 
result in destruction and poor management of wetlands.

Conversely, the risk of water-borne diseases from wetland environments may be 
reduced if a deeper understanding of the links between wetland ecosystem health 
and human health and well-being leads to the implementation of effective manage-
ment and conservation practices (Weinstein and Woodward 2005). It is recognised, 
however, that in real world situations, improved outcomes for both ecosystem func-
tion and human health may at times be mutually exclusive, or a wetland may be 
managed in a way that maximises the provision of another ecosystem service (e.g. 
irrigation of food crops) to the detriment of disease risk mitigation (Horwitz and 
Finlayson 2011). Where compromises between ecosystem services and ecosystem 
health of a wetland must be made, the best possible outcome can only ensue when 
human health consequences (including infectious disease risk) of alternative sce-
narios are factored into the decision making process.

Reducing Infectious Diseases in Wetlands

Some general approaches can be taken to reduce infectious disease risk from ex-
posure to wetlands, whilst maintaining beneficial interactions with these unique 
environments. Firstly, measures are needed to prevent point source and non-point 
source contamination of wetlands by animal and human faecal matter, and by nutri-
ent, sediment, and toxins. Adequate management of sewage and agricultural and 
industrial waste are therefore imperative. To minimise the runoff from agricultural 
pastures into wetlands, drainage systems need to consider the hydrology of the re-
gion—wetlands must be considered in the context of the surrounding landscape and 
the watercourses which connect them. Human exposure to pathogens in wetlands 
should first and foremost be minimised by the provision of safe drinking water, 
which requires robust and carefully monitored water treatment systems. Particular 
attention should be focused on protecting groups who are most vulnerable to water-
borne infectious diseases and therefore bear the highest disease burden, e.g. popula-
tions in developing countries, particularly children.

Wetlands must be considered and valued as important ecosystems, with multiple 
components and linkages, which provide essential ecosystem services that regulate 
risk both directly and indirectly. Preservation, restoration and informed environ-
mental management of wetlands should ensue from this underlying attitude. Ideally, 
environmental integrity encourages the establishment and persistence of biodiver-
sity and a positive feedback cycle, in turn enhancing ecosystem services and human 
well-being.
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In conjunction with these approaches, reducing risk of infectious disease in wet-
land environments first requires an accurate assessment and evaluation of potential 
risks and exposure pathways. The complex, non-linear nature of disease transmis-
sion dynamics calls for an integrated approach to environmental health impact 
assessments (Horwitz and Finlayson 2011; Lau and Jagals 2012). In order to mi-
nimise environmental health risks and improve health outcomes, such assessments 
should incorporate traditional methods of risk assessment (investigations of how 
environmental hazards move along exposure pathways), epidemiological assess-
ment (identifying and quantifying links between environmental hazards and health 
outcomes), and health impact assessment (e.g. bio-markers of environmental ex-
posures, or prevalence of infections or diseases) (Lau and Jagals 2012). Disease 
surveillance systems are thus an essential tool in not only controlling outbreaks, 
but also informing health impact assessment over time and space. Environmental 
monitoring (by using data collected on the ground or via remote sensing) is another 
approach; allowing the temporal and spatial relationships between specific envi-
ronmental factors and human diseases to be further explored and used to identify 
high-risk locations and times (Carver et al. 2010).

Conclusion

This chapter has provided an overview of the diversity of infectious water-borne 
diseases that humans are exposed to. Infection is often a result of our intimate asso-
ciation with wetlands, and of the manner in which ecosystems, wider environmental 
and human factors all interact to determine overall risk. Every outbreak or disease 
emergence results from a unique set of circumstances, and understanding the driv-
ers and how they interact to cause disease is difficult and often situation-specific. 
In the face of such complex systems, the need for multidisciplinary research is im-
perative, particularly to establish the potential health gain from interventions that 
are aimed at improving ecosystem health and human health concurrently. This ap-
proach follows the ‘One Health’ concept, which recognizes that human health is 
intricately linked with that of animals, and the environment in which they coexist 
(CDC 2013). The concept of wetlands as a setting for addressing human health 
determinants (Horwitz and Finlayson 2011) is particularly important in situations 
where ecosystem services to humans and/or preservation of ecosystem function 
compete. Knowledge and methods from disciplines including epidemiology, soci-
ology, environmental health, microbiology, natural resource management, earth sci-
ences, ecology and conservation biology are all needed to create integrated manage-
ment plans for achieving the best overall outcomes of preserved wetland integrity 
and minimal human disease burden.
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Abstract  Humans can be exposed to hazardous substances in wetland ecosystems. 
Human health can be affected by acute or chronic exposure to toxicants, through the 
media of water, wetland sediments, or even air through aerosols or when sediments 
become desiccated and airborne, or burnt. The nature of these exposures is greatly 
exacerbated by human activities where pollution is involved, resulting in often com-
plex interactions and significant challenges for environmental health practitioners. 
While steps can be taken to minimise the health risks resulting from such exposures, 
this Chapter argues that the risks can increase (sometimes dramatically) if disrup-
tion to ecosystems, and the services they provide, is profound. Two principal forms 
of human exposures in wetland settings are distinguished: where the type or form 
of exposure is determined by the service that is provided (for example when drink-
ing water contains a pollutant), and where services are eroded, creating the condi-
tions for exposure (for example where water purification capacities of wetlands are 
overwhelmed by an oversupply of nutrients, resulting in an exposure to a microbial 
toxin). In both cases, addressing an imbalance of ecosystem services is required to 
ensure any necessary interventions are effective.

Keywords  Exposure · Toxicants · Risks · Hazards · Metals · Arsenic · Methylmercury 
· Radionuclides · Nutrients · Disinfection by-products · Cyanobacteria · Peat fires · 
Endocrine disrupting chemicals · Microbial toxins

Introduction

Assessments of human health risks related to environmental hazards have an under-
standable preoccupation with the characteristics of the hazard, exposure routes and 
pathways, the nature and magnitude of exposures and the characteristics of indi-
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viduals or populations that make them more vulnerable to exposure (Langley 2004). 
Human health can be affected by acute or chronic exposure to toxicants, through 
the media of water, wetland sediments, or air when sediments become desiccated 
and airborne, or burnt. The nature of these exposures is greatly exacerbated by hu-
man activities where pollution is involved. Wetlands are settings where ecosystem 
services can be provided and exposure to toxicants can be prevented, or the reverse, 
where exposure occurs when the services are disrupted (as described in Table 1).

The pressures on inland and coastal wetland ecosystems and their resultant deg-
radation have considerable public health implications. In the nineteenth Century 
the main wetland-related health problems arose from faecal and organic pollution 
associated with untreated human wastewater. Today much of this contamination has 
been eliminated in the more developed countries. However, as described in Cook 
and Speldewinde (2015), improved sanitation and access to a secure supply of safe 
drinking water—together a highly desirable combination if the objective is to pre-
vent exposures to water pollution and safeguard public health—still present a major 
challenge for a significant part of the world’s population.

Despite the capacity of wetlands to purify polluted water, they do have their 
limits (Verhoeven et al. 2006). For example, they can only process and assimilate a 
certain amount of agricultural runoff, and only so much inflow from domestic and 
industrial wastes. As more toxic and persistent chemicals (such as PCBs, DDT and 
dioxins), antibiotics and other pharmaceuticals, and pesticides, some of which act 
as ‘endocrine disrupters’, are added to wetlands via sources such as untreated mu-

Table 1   Summary of the ways in which the exposures that people experience in wetland settings 
are related to the ability of wetlands to provide ecosystem services
Health risk Relevant 

wetland 
ecosystem 
services

Health effects, health outcomes 
from ecosystem services

Disruptions 
to wetland-
ecosystems 
(examples)

Examples or 
case studies used 
in this chapterBenefits if 

services are 
maintained or 
enhanced

Conse-
quences of 
disruption to 
the services

Ill-health 
due to 
expo-
sure to 
pollution

Water purifi-
cation/waste 
treatment or 
dilution
Other 
hydrologi-
cal services: 
hydrological 
maintenance 
of biogeo-
chemical 
processes
Soil, sedi-
ment and 
nutrient 
retention

Prevention of 
exposure to 
environmental 
contaminants
Enhanced abili-
ties to interact 
with wetland 
ecosystems to 
derive other 
benefits, like 
those that 
accrue from 
provisioning 
and cultural 
services, or 
to derive an 
income

Exposure to:
Soil or 
water-borne 
inorganic 
chemicals
Soil or 
water-borne 
microbial 
toxins
Atmospheric 
particles or 
chemicals

Sewage 
contamination
Industrial 
contamination
Eutrophica-
tion
Salinisation
Acidification
Depletion 
(drainage 
or resource 
over-extrac-
tion)

Food chain 
bioaccumula-
tion (e.g. TBT, 
radionuclides)
Acute or chronic 
poisoning (e.g. 
methylmercury)
Nitrate as a 
human health 
issue
Blooms of toxic 
Cyanobacteria
Respiratory 
diseases from 
wetland/peat 
fires
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nicipal and industrial waste, the sources of the food they supply and the water itself 
can be rendered unfit for consumption and pose a danger to human health. With 
this background three categories of toxicants are used to outline the way in which 
humans might be exposed to toxicants in wetland settings: (i) soil or water-borne 
organic and inorganic chemicals; (ii) microbial toxins; and (iii) atmospheric par-
ticles or chemicals originating from wetlands. Innumerable chemical compounds, 
inorganic and organic, can be important in these exposure settings; a selection of the 
more significant compounds and well-known contamination events are provided as 
examples. For each, the ways in which ecosystem services are implicated or com-
plicated by these exposures, are explored.

Soil or Water-Borne Organic or Inorganic Chemicals

Chemical contamination of wetland ecosystems can occur anywhere along a spec-
trum from a rapid massive influx to a very slow almost imperceptible accrual over 
time, and be a result of human activities and/or other biological and geological 
processes. At common concentrations, most pollutants are likely to cause adverse 
health effects only after prolonged periods of exposure. However, there are many 
cases worldwide where chemical pollution of wetlands has occurred to an extent 
that it has been detrimental to human health either through direct ingestion of con-
taminated water (particularly where the wetland was a source of drinking water), 
or through incorporation and subsequent bioaccumulation and biomagnification of 
toxic chemicals within the food chain (components of which were then ingested).

Metals

There are a growing number of cases of contamination of groundwater and surface 
waters by metal ions from natural and anthropogenic sources. Humans can be ex-
posed to heavy metals in a wetland setting by: (i) ingesting water, either directly 
from a contaminated source, or via a distribution system with corroded metallic 
components; (ii) exposure to dust particles; or (iii) ingesting foods where they have 
bioaccumulated, as described above.

Common metal ions, common sources of exposure, and their health effects are 
relatively well known. Most metal ions can be found in effluents from mining activ-
ities, which invariably find their way into wetlands; many also are found in human 
infrastructure and become associated with wetlands through leakage and drainage 
in urban and agricultural environments, for example:

•	 Aluminium, Al in water from water treatment, infrastructure, cooking applianc-
es;

•	 Iron, Fe, predominantly from infrastructure and also commonly present in 
groundwater;

•	 Zinc, Zn, is used in galvanising, roofing, infrastructure;
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•	 Copper, Cu, is used predominantly in household plumbing systems (pipes) and 
cooking appliances, and when corroding these become sources;

•	 Cadmium, Cd, is used industrially (metal plating and coating) and can also be 
found in sludge and fertilizers;

•	 Mercury, Hg, enters water from batteries, atmospheric deposition (predomi-
nantly from burning coal), gold processing, or discharge from the chlor-alkali 
industry;

•	 Lead, Pb, is found in old pipes, and also petrol and paint additive forms which 
are distributed by atmospheric deposition;

•	 Arsenic, As, most often associated with acidic groundwater; industrial uses in-
clude paints or pharmaceuticals and it is commonly found in sewage;

•	 Tin, Sn, organic tin compounds (Tributyltin and Triphenyltin) are toxic and are 
constituents of anti-fouling paints;

•	 Chromium, Cr, used in wood treatment, oxidising agents, corrosion inhibitors, 
pigments;

•	 Radionuclides, found for example in discharges from mining activities or fertil-
iser production (see Appendix).

Metals are well known for their health impacts in exposed populations (see for 
example Hinwood et al. 2008). Cadmium exposure has been associated with renal 
disease and studies have also suggested that exposure to cadmium may impact the 
skeleton, while lead is well known for its health impacts, such as memory deterio-
ration, cognitive difficulties, neurological impacts and kidney damage. Concerns 
have been expressed by several authors on the impacts of lower levels of cadmi-
um on bone density. Inorganic arsenic is also associated with a range of health 
effects including vascular disease, skin lesions at high concentrations and cancer 
of the bladder and kidney. Aluminium has the potential to affect the central ner-
vous system, skeletal and haemapoietic systems of humans. Copper is an essen-
tial element for people; however, some are susceptible to the effects of increased 
copper exposure, such as those with Wilson’s disease, renal and liver disease and  
infants.

Numerous examples exist of such contamination, probably none more graphic 
than the almost inconceivably vast scale of arsenic poisoning on the Indian sub-
continent (Frisbie et al. 2002), most profoundly where water used by local popula-
tions is contaminated when naturally occurring arsenic is released to groundwater 
that is extracted for human consumption (see Nickson et  al. 2000). Similarly in 
southwestern Australia humans could be exposed to heavy metals from the use of 
groundwater that has been affected by oxidized acid sulfate soils, to irrigate crops 
(Hinwood et al. 2008). Base-metal mining can result in concentrations of arsenic, 
cadmium, lead and zinc being raised above the levels recommended for drinking, 
as in the Tui and Tunakohoia streams, TeAroha, North Island, New Zealand (Sabti 
et al. 2000). In these cases the ecosystem service that allows for soils and sediments, 
and their metal and metalloids, to be retained through biogeochemical conditions 
rather than mobilized to the receiving environment where they become the subjects 
of human exposure, and supplementary water treatment, have been eroded.

Two examples of both forms of exposures and their ecosystem setting, are 
provided below; the cases of methylmercury (Box 1), and radionuclides (see 
Appendix).
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Nutrients

Nutrients (principally nitrogen and phosphorus), in organic and inorganic forms, 
are arguably the chemical pollutants that have caused the most concern globally, 
and received the most attention (Box 2). While these nutrients occur naturally (in 
soil containing nitrogen-fixing bacteria, decaying plants and animal manure), one 
of the signatures of anthropogenic stresses is elevated nutrient levels. The most 
important of these sources of nutrient inputs into wetlands are runoff, erosion and 
leaching from fertilized agricultural areas, and sewage from domestic and indus-

Box 1: Methylmercury: Source and Effects

Mercury is rarely found in concentrations where it is problematic for human 
health. However, it is used in a wide range of human activities, from indus-
trial activities, manufacturing, mining and dentistry. When it is discharged, 
inorganic mercury is converted to a methylated form, often in anaerobic sedi-
ments or water, and/or microbially mediated, and once in this form it is read-
ily transported in water columns and currents and made bioavailable, since it 
also binds strongly to proteins. This characteristic means that it is bioaccumu-
lated, and biomagnified in the food chain (World Health Organisation 1990). 
In humans the main toxic effects are the inhibition of protein synthesis, its 
reaction with receptor sites in the central nervous system, and profound pre-
natal effects on neuronal development (WHO 1990). As fish and fish products 
are the dominant source of methylmercury in human diets, communities that 
are heavily dependent on fish, in other words drawing heavily on one provi-
sioning ecosystem service, are more vulnerable to poisoning.

An intriguing example of communities with these dependencies, in the face 
of methylmercury, is that summarised by Guimaraes and Mergler (2012), for 
the Brazilian Amazon region of the Tapajós River, where artisanal gold min-
ing peaked in the 1980s. Researchers found high levels of mercury in fish and 
humans, but also in soils of the region from ‘natural origins’. Dose-related deficits 
in motor and visual functions were found in villagers, and public health interven-
tions began with a campaign slogan to “eat more fish that don’t eat other fish”, 
with some success. However, further testing revealed that deforestation and soil 
erosion caused by agricultural practices like slash and burn, mobilized mercury to 
rivers and lakes, meaning that the ecosystem service of soil and sediment reten-
tion was eroded; land management needed to be a central part of the intervention. 
In addition, an epidemiological study showed that people who ate more fruit had 
less mercury in their blood and hair; and the consumption of Brazil nuts with high 
selenium levels could also be responsible for offsetting the effects of methylmer-
cury poisoning. Understanding the mediation effects of socio-cultural practices 
(including personal and political processes that influence diet), and redressing 
the way ecosystem services have been traded-off, become central in public health 
interventions.
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trial wastewater. Atmospheric deposition of nitrogen from combustion gases and 
intensive animal husbandry can also be significant (WHO 2002). An important and 
highly charged issue in many countries is the debate concerning farming and graz-
ing and the degradation of waterways and groundwater aquifers (Falkenmark et al. 
2007; Peden et al. 2007; Shah et al. 2007). Nitrate penetrates through soil, enters 
waterways and remains in groundwater for decades. This is a concern globally, 
as increasing stock levels, poor management practices and the clearing of ripar-
ian vegetation for further grazing allows high volumes of farm effluent, excess 
nutrients and chemicals to enter waterways. Eutrophication (and associated algal 
blooms, see below) is being reported more frequently; continental river basins in 
North America, Europe and Africa have elevated concentrations of organic matter 
(Revenga et al. 2000).

Several authors (cited in WHO 2002) have reported a complication, an interac-
tion between chemical and microbial pollution, both involved in eutrophication, 
where human health consequences become exacerbated by the erosion of ecosystem 
services in coastal wetland ecosystems. Bacteria such as Escherichia coli, Salmo-
nella spp or Vibrio cholerae, which can be harmful to human health, are found 
where there is organic-rich effluent, but under normal conditions, these bacteria do 
not survive very long in saline waters due to ecosystem services provided: limited 
amounts of nutrients, the exposure of bacteria to UV rays which have a bactericidal 
effect, and the osmolarity of sea water which is much higher than that of bacteria. 
Algal blooms, a product of eutrophication, can erode these services: food becomes 
abundant, light is diminished reducing UV radiation in the water column and it has 
been recently reported that some algae may even release chemicals that produce 
osmo-protection for the bacteria. The new conditions can allow bacteria to survive 
and perhaps multiply, increasing the risks of human exposure.

Box 2: Nutrient enrichment in inland waters (sourced from Millennium Eco-
system Assessment, 2005 unless otherwise stated)

Over the past four decades, excessive nutrient loading has emerged as one 
of the most important direct drivers of ecosystem change in terrestrial, fresh-
water, and marine ecosystems. While the introduction of nutrients into eco-
systems can have both beneficial and adverse effects, the beneficial effects 
will eventually reach a plateau as more nutrients are added (that is, addi-
tional inputs will not lead to further increases in crop yield), while the harmful 
effects will continue to grow.

Increase in nitrogen fluxes in rivers to coastal waters due to human activi-
ties relative to fluxes prior to the industrial and agricultural revolutions have 
been shown for many areas (Howarth and Ramakrishna 2005). Synthetic pro-
duction of nitrogen fertilizer has been an important driver for the remarkable 
increase in food production that has occurred during the past 50 years. World 
consumption of nitrogenous fertilizers grew nearly eightfold between 1960 
and 2003. As much as 50 % of the nitrogen fertilizer applied may be lost to the 
environment, depending on how well the application is managed.
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Increased nitrogen fluxes (Box 2) are partly due to a dramatic and rapid global in-
crease in nitrate fertilizer application, as well as indirect sources of nitrate (where 
organically bound N can be mineralised by soil bacteria into ammonia (slow), then 
nitrification to nitrate (rapid)(Gray 2008). Nitrate can leach into surface or ground-
water, and nitrate pollution of groundwater is getting worse in northern China, India 
and Europe (Revenga et al. 2000; Vorosmarty et al. 2005; Shah et al. 2007). Nitrate 
is an important consideration for human health in three ways: (i) as a contributor to 
eutrophication and the problematic consequences due to prolific algal growth (see 
above); (ii) as a common component of food nitrate itself is relatively harmless, 
however nitrate can be reduced to nitrite (either by the acidic conditions found in 
the stomach, or by commensal bacteria in the saliva, small intestine and colon). 
Acidic production of N-nitroso-compounds might be problematic for human health: 
while these compounds are known to be carcinogenic in multiple organs in more 
than 40 species including higher primates (Jakszyn et al. 2006), epidemiological 
data supporting a causal relationship between nitrates and cancer in humans is gen-
erally lacking (Jakszyn et al. 2006; Gray 2008); and (iii) when nitrite combines with 
haemoglobin, debilitating its oxygen carrying function. Methaemoglobinaemia is 
the syndrome associated with acute expressions, and it can be fatal, particularly 
for infants < 3 months old (who are especially susceptible due to different respira-
tory pigments; Manassaram et al. 2007). Cofactors like the presence of microbial 
contamination, diarrhoea or respiratory diseases, may be implicated in acute cases 
(Gray 2008).

The Case of Disinfection By-Products (DBP’s)

In the 1970s the US Environmental Protection Agency found hundreds of organic 
chemicals in drinking water sources, many of which were believed to be carci-
nogenic and teratogenic (Okun 1996). Epidemiological studies in New Orleans at 
this time revealed higher levels of cancer in individuals using the treated water 

Phosphorus application has increased threefold since 1960, with a steady 
increase until 1990 followed by a leveling off at a level approximately equal 
to applications in the 1980s.

Since excessive nutrient loading is largely the result of applying more 
nutrients than crops can use, it harms both farm incomes and the environment.

Many ecosystem services are reduced when inland waters and coastal eco-
systems become eutrophic. Water from lakes that experience algal blooms is 
more expensive to purify for drinking or other industrial uses. Eutrophication 
can reduce or eliminate fish populations. Possibly the most apparent loss in 
services is the loss of many of the cultural services provided by lakes. Foul 
odours of rotting algae, slime-covered lakes, and toxic chemicals produced by 
some blue-green algae during blooms keep people from swimming, boating, 
and otherwise enjoying the aesthetic value of lakes.
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supply versus those using untreated groundwater (Talbot and Harris 1974). This 
led to the passage of the Safe Drinking Water Act in the US in 1974. At the same 
time on the other side of the world, Rook (1974) showed that the common chemi-
cal used for disinfection in water treatment—chlorine—created disinfection by-
products (DBPs) which were carcinogenic in rodents. Decades of further research 
summarised in Hrudey (2009) and Richardson and Postigo (2012) has revealed that 
over 600 DBPs (including trihalomethanes, haloacetic acids, bromide and chlorite) 
have been reported in drinking water and are an unintended consequence of us-
ing chemicals such as chlorine, chloramines, ozone and chlorine dioxide (and their 
combinations) to kill harmful pathogens in water intended for potable uses and that 
DBPs are formed when these chemical disinfectants react with organic matter, bro-
mide and iodide found in the source water. Humans are exposed not only through 
ingesting drinking water, but also through inhalation and dermal routes while show-
ering and swimming. To date, epidemiological data indicate potential developmen-
tal, reproductive, or carcinogenic health effects such as bladder cancer, miscarriage 
and birth defects in humans exposed to DBPs (Malcolm et al. 1999; Anderson et al. 
2002). These data remain inconclusive with evidence of a causal relationship and 
support from toxicological studies lacking (Hrudey 2009).

This highlights a significant dilemma for risk management: whether to expose 
the population to the inevitable health risks (of varying severity) associated with 
undisinfected drinking water due to disease causing microbes, or face the severe but 
uncertain health risks associated with DBPs (Hrudey 2009). A third option avoids 
this dilemma; an ecosystem approach focuses on the continual and improved atten-
tion to the management of catchments. In doing so the aims would be to (i) maintain 
the ecological functions and processes in the catchment in order to be able to assim-
ilate nutrients and regulate microbial pathogens and thereby minimize the need for 
disinfectants, and (ii) minimise organic pollution in source waters thereby reducing 
the reactive byproducts if and when disinfectants need to be used. This reasoning 
draws on several ecosystem services (water purification, disease control and regu-
lation, soil, sediment and nutrient retention) and presents a prudent, precautionary 
approach to reducing health risks from DBPs.

Endocrine disrupting chemicals (EDCs) in aquatic ecosystems, particularly those 
ecosystems used for potable water presents another area of controversy of exposure 
assessments. EDCs are chemicals that can mimic and/or interfere with the action 
of natural hormones in organisms. Pollutants that contain EDCs include pesticides, 
dioxins, excreted pharmaceuticals, alkylphenols, furans and some metals, which 
enter the environment directly via agricultural or industrial activities or from treated 
sewage. Heightened levels of concern and research into EDC’s have triggered by 
the push for potable reuse of treated wastewater. Focussing on estrogenic EDC’s, 
Leusch et al. (2009) found that while EDC’s are present in treated waste water in 
low concentrations, they are also ubiquitous in air, soil and food and even cosmetics 
and medical applications and that exposure to humans through drinking recycled 
water is likely to be insignificant compared to current dietary intakes. Nevertheless, 
ongoing research is needed to assess and manage potential health risks to both 
aquatic organisms and humans (Melnick et al. 2002; Leusch et al. 2009).
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Soil or Water-Borne Microbial Toxins

Some forms of pollution emanate from the metabolic by-products or breakdown 
products of microbes, and particularly ecosystems suffering anthropogenic stress. 
Probably the most relevant examples are toxins associated with blooms of Cyano-
bacteria (sometimes called “blue green algae”), which occur in freshwater, estua-
rine, and near-shore marine wetland ecosystems. Harmful algal blooms, attributed 
partly to nutrient loads, have increased in freshwater and coastal systems over the 
last 20 years (UNEP 2007). Toxigenic Cyanobacteria (those species that have toxic 
strains or populations) are capable of producing neurotoxins (acting specifically on 
nerve cells of vertebrates), hepatotoxins (damage the metabolic processes in the 
liver), dermatotoxins (skin irritants) and endotoxins (gastrointestinal irritants) (Car-
michael 2002). In addition to the production of toxins, Cyanobacteria have often 
been associated with the production of taste and odour compounds such as geosmin 
and 2-methylisoberneol (2-MIB), particularly where drinking water is sourced di-
rect from a wetland ecosystem (Hrudey and Hrudey, 2007). Exposure to cyanobac-
terial toxins through consumption of contaminated drinking water has however also 
resulted in poisoning:

The earliest demonstration of this was in 1983, when the population of a rural town in Aus-
tralia was supplied with drinking water from a reservoir carrying a dense water bloom of a 
toxic species of cyanobacterium, Microcystis aeruginosa. The toxicity of this water bloom 
was being monitored in the reservoir. The controlling authority dosed the reservoir with 
copper sulphate to destroy the cyanobacteria, which caused the cells to lyse and release 
toxin into the water. Epidemiological data for liver injury in the affected population, a con-
trol population and comparison of the time periods before the bloom, during the bloom and 
lysis, and afterwards, showed clearly that liver damage had occurred only in the exposed 
population and only at the time of the water bloom. (quote from Falconer and Humpage 
2005)

Fristachi et  al. (2008) suggest that these more obvious, often acute, impacts on 
human health need to be supplemented with a consideration of less well-known 
chronic, subtle or insidious impacts, and potential impacts where hazards exist in 
remote areas where health impacts have not yet been sustained. Most commenta-
tors on the occurrence of cyanobacterial blooms suggest that nutrient enrichment 
is an important causal agent, but beyond that many other biophysical parameters 
are involved, including temperature, light availability, meteorological conditions, 
alteration of water flow, turbidity, vertical mixing, pH changes and trace metals, 
such as copper, iron and zinc (Fristachi et al. 2008).

Atmospheric Particles or Chemicals

Hydrological change to wetland ecosystems that results in aerosol production has 
been demonstrated to have impacts on human health. A graphic example of this is 
the Indonesian peat fires of 1997 (see Box 3). From these fires a significant num-
ber of cases of asthma, bronchitis and acute respiratory infection were reported 
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(Kunii et al. 2002). Sensitive sub-groups such as the elderly and those with pre-
existing illness reported a greater severity in symptoms (Kunii et al. 2002). In Sin-
gapore, impacts from the Indonesian fires were also observed with increases in 
outpatient attendance for respiratory illnesses including asthma (Emmanuel 2000). 
Mott et al. (2005) investigated re-admission of older patients associated with smoke 
exposure from the 1997 fires in South East Asia specifically Malaysia. They re-
ported short-term increases in re-admission of patients with cardio-respiratory and 
respiratory diseases. Frankenberg et al. (2005), using data from an Indonesian popu-
lation-based longitudinal survey combined with satellite measures of aerosol levels, 
assessed the impact of smoke from the fires on human health. Their results indicated 
that exposure to the smoke from fires has a negative and significant (but mostly 
transitory) impact on the health of older adults and prime age women.

Box 3: Peat fires in Indonesia (sourced and adapted from Rieley 2004)

Tropical peatlands are one of the largest carbon stores on earth, the release of 
which has implications for climate change (Page et al. 2002). The vast major-
ity of these peatlands are lowland, rain-fed ecosystems with a natural vegeta-
tion cover of peat swamp forest (PSF). In a natural state, lowland tropical 
peatlands support a luxuriant growth of rainforest trees up to 40 m tall, over-
lying pet deposits up to 20 m thick, but any persistent environmental change, 
particularly decrease in wetness, threatens their stability and makes them sus-
ceptible to fire. At the present time, the peatlands of Southeast Asia represent 
a globally important carbon store, which has accumulated over 26,000 years 
or more. In recent decades, however, an increasing proportion of this store has 
been converted to a carbon source, through a combination of deforestation, 
land-use change and fire.

Fires were widespread on the extensive peatlands of Indonesia during the 
1997 El Niño and recurred in 2002, 2004 and 2006. By using satellite imagery 
and ground measurements within a 2.5 million ha study area in Central Kali-
mantan it was determined that 32 % (0.79 M ha) of the area burned in 1997, 
of which peatland accounted for 91.5 % (0.73 M ha), releasing 0.19–0.23 Gt 
of carbon to the atmosphere through peat combustion. It was estimated that 
between 0.81–2.57 Gt of carbon were released to the atmosphere from Indo-
nesia’s peatlands in 1997 as a result of burning peat and vegetation.

Many of these fires spread into forest areas where they burned with great 
intensity. In Kalimantan, South Sumatra, and West Papua, fires were started 
on, or reached areas of peatland, burning both the vegetation and the underly-
ing peat. In Central Kalimantan, the situation was exacerbated by a massive 
peatland conversion project—the so-called Mega Rice Project (MRP). This 
scheme was initiated in 1995 with the aim of converting 1 M ha of wetland, 
mostly peatland, to agricultural use. Throughout the MRP area extensive, 
deep drainage and irrigation canals were excavated and much of the peat 
swamp forest was logged and, during 1997 fire was being used as a rapid land 
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Conclusions

This Chapter presents examples of pollutants and other toxicants that commonly 
occur in wetland settings, and where human exposure to them can result in negative 

clearance tool. Initial estimates indicated that approximately 4.5 M ha of land 
had been damaged by the 1997 fires, but more detailed assessments doubled 
this figure to 9 M ha. Of this latter area, as much as 1.45 M ha was believed 
to be peat and swamp forest although no one made credible estimates of the 
area of peatland affected by fire at the time.

The two most intensive sources of smoke and particulate matter were the 
fires centred on the peatlands of Central Kalimantan and the Riau area of 
South Sumatra. Here both vegetation and underlying peat caught fire, con-
tributing greatly to the so-called haze (particulate-laden smog), which blew 
north-westwards to affect Singapore and Malaysia. During this time solar 
radiation in Central Kalimantan was reduced to 40 % of normal levels whilst 
visibility was reduced to 25 m.

It has been estimated that the financial consequences of the fires were over 
US$ 3 billion from losses in timber, agriculture, non-timber forest products, 
hydrological and soil conservation services, and biodiversity benefits, whilst 
the haze cost an additional US$ 1.4 billion, most of which was borne by Indo-
nesians for health treatment and lost tourism revenues.

The widespread peatland fires that occurred throughout Indonesia during the 
strong ENSO-related drought of 1997 resulted in the combustion of stored car-
bon that took between 1000 and 2000 years to accumulate (Page et al. 2002). At 
the current estimated rate of carbon accumulation in Central Kalimantan peat-
lands of 85 g m−2 year−1, this single fire event represents an approximate loss 
of between 70–200 years of carbon sink function. The Southeast Asian region 
is currently subject to increasing climatic variability and seasonal precipitation 
extremes associated with future ENSO-events are predicted to become more 
pronounced (Goldammer and Price 1998; Siegert et al. 2001). This may lead 
to reduced water supply to and retention by peatlands, leading to a lowering of 
water tables. This will limit the rate of peat accumulation where it is still tak-
ing place, enhance degradation and oxidation on peatlands that are no longer 
actively forming peat, and greatly increase the likelihood of peatland fires, with 
consequent rapid loss of stored carbon. Increased climatic seasonality and vari-
ability has the potential to switch the tropical peatland ecosystems of South-east 
Asia from carbon sinks to carbon sources.

Unless land use policies are changed to control logging and the drainage 
and clearing of peatland for plantations, recurrent fires will lead to a loss of 
Indonesia’s peat swamp forests and continued, high emissions of CO2 to the 
atmosphere.

The information given above has been derived from Rieley (2004).
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health outcomes. Two principal forms of human exposures in wetland settings are 
distinguished: where the type or form of exposure is determined by the service that 
is provided (for example when drinking water contains a contaminant), and where 
services are eroded creating the conditions for exposure (for example where water 
purification capacities of wetlands are overwhelmed by an oversupply of nutrients, 
resulting in an exposure to a microbial toxin). In both cases, understanding the 
mediating effects of socio-cultural practices, and addressing an imbalance of eco-
system services, is required to ensure any necessary interventions to reduce human 
exposures are effective.

A risk assessment/risk management paradigm of managing health risks from en-
vironmental chemicals would traditionally be based on how much chemical expo-
sure humans and ecosystems can absorb without damage. An ecosystem approach, 
which determines the upstream socio-cultural and political causes of the toxicant 
accumulation and exposures, and examines the wetland setting and the trade-offs 
that are made between ecosystem services, offers an alternative to this paradigm. 
Restoring ecosystems and their attendant ecosystem services, would address many 
of the upstream factors responsible for hazardous environmental exposures to pol-
lutants and other toxicants by humans. Such restoration works are rarely considered 
within the scope of public health interventions, yet should be.

Appendix

Case Study:  Assessment of the Potential Radiological Exposure of Humans 
Downstream of an Operating Uranium Mine in Australia.

Andreas Bollhöfer and Che Doering, Environmental Research Institute of the 
Supervising Scientist (eriss), Darwin, Australia.

Context  Kakadu National Park is part of the Alligator Rivers Region (ARR) in 
the Northern Territory of Australia (Fig. 1) and contains a diverse range of wet-
land types, from intertidal forested wetlands and mudflats, to seasonal freshwater 
marshes, rivers and permanent billabongs (Ramsar Convention 2012). The wetlands 
of Kakadu are important for the local Aboriginal people for cultural and recreational 
uses and have been used for thousands of years for customary harvesting of bush 
foods. Research conducted in the late 1970s (Altman 1987) identified 90 animal 
and 80 plant species, including water buffalo, fish and shellfish, that were regularly 
harvested as bush foods, within the broader regional context, many of them associ-
ated with the large wetlands. Thirty years later, customary harvesting in the region 
had changed little and was still of crucial importance to the local economy (Altman 
2003).

Kakadu National Park was declared in several stages from 1979 following rec-
ommendations of the Ranger Uranium Environmental Inquiry (RUEI 1977) to grant 
Aboriginal land rights and to establish a national park over the same area where 
development of a uranium mine had been proposed. At the same time the statutory 
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Office of the Supervising Scientist for the ARR was established under the Envi-
ronment Protection (Alligator Rivers Region) Act 1978 to provide assurance that 
the environment of the ARR (including Kakadu) was protected from the potential 
impacts of uranium mining. Kakadu has since been designated a Wetland of Inter-
national Importance under the Ramsar Convention and inscribed on the World Heri-
tage List of the United Nations Educational, Scientific and Cultural Organization 
(UNESCO) for its natural and cultural values.

With the development of Ranger mine, a regional centre, Jabiru, was established 
as a base for workers and associated services, and developed as a hub for the influx of 
tourists visiting Kakadu. Many Aboriginal people moved to Jabiru but there are vari-
ous outstations and smaller communities scattered throughout the region. The Kakadu 
National Park Management Plan supports hunting and gathering of wild food items 
by Aboriginal people living in and around the region if it takes place in accordance 
with long-standing tradition (Director of National Parks 2007). Although some mar-
ket food has replaced traditional staple foods, bush foods sourced from the wetlands 
of Kakadu are still an important component of the Aboriginal diet in the region.

The location in the wet-dry tropics means that water management is a major issue 
at Ranger mine. The release of water from the site into the downstream environment 
has been minimised by the use of a series of retention ponds and other water treat-
ment technologies. Magela Creek borders the site and is a receiving waterway for 
potential releases of waste water from the mine. The creek has been the focus of 
various monitoring programs due to the importance of the aquatic transport path-

Fig. 1   The study area in Northern Australia
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way for contaminants during the operational phase of mining (Martin et al. 1998; 
van Dam et al. 2002). To ensure protection of aquatic ecosystems in the vicinity 
and downstream of the mine a tiered approach is applied, including the derivation 
of site-specific water quality guidelines, determination of ‘safe’ release dilutions 
of waste water, continuous water quality monitoring, early warning and longer-
term monitoring to determine the ecological significance of any impacts from water 
releases (van Dam et  al. 2002). The potential radiological impacts to Aboriginal 
people are also investigated, based on an assessment of the committed effective 
radiation dose from the ingestion of radionuclides accumulated in bush foods col-
lected downstream of the mine site.

Monitoring radionuclides in aquatic bush foods  It is well known that some met-
als and naturally occurring radionuclides such as radium-226 (226Ra) and polo-
nium-210 (210Po) bioaccumulate in aquatic biota, in particular shellfish (Johnston 
1987; Markich and Jeffree 1994; Jeffree et al. 1995). Therefore, it is essential to 
check that food items collected from wetlands downstream of the mine are fit for 
human consumption and that concentrations of metals (Bollhöfer 2012) and radio-
nuclides (Bollhöfer et al. 2011) in organism tissues, attributable to mine operations, 
remain within acceptable levels. The International Commission on Radiological-
Protection (ICRP) has established levels in the context of acceptable radiation dose 
to humans (ICRP 2007). The effective dose received by members of the public 
who are incidentally exposed to radiation from practices such as uranium mining 
should not exceed 1 mSv in a year above the natural background level. Addition-
ally, to account for situations where a person may be incidentally exposed to radia-
tion from multiple practices, a dose constraint of 0.3 mSv for a single practice is 
recommended. Enhanced body burdens of mine-derived metals and radionuclides 
in biota may potentially also reach levels that harm the organisms themselves, and 
any elevation in tissue concentrations can provide early warning of bioavailability 
of these constituents. Hence, a bioaccumulation monitoring program also serves 
an ecosystem protection role in addition to the human health aspect. Specific met-
rics are used; for instance, radionuclide transfer from the environment is typically 
quantified as the concentration ratio (CR) between the radionuclide activity concen-
tration in biota tissue (or the whole organism) and that in soil (for terrestrial organ-
isms) or water (for aquatic organisms) that often function as reservoirs for nutrients 
and contaminants.

Mudginberri Billabong is the first permanent water body 12  km downstream 
of the mine along Magela Creek. The billabong is accessed by Aboriginal people 
to harvest freshwater mussels ( Velesunio angasi) and fish (various species) and 
determining the levels of radionuclides and metals in these food items has been 
part of the Supervising Scientist’s monitoring program. The focus has in particular 
been directed at mussel tissue analysis for 226Ra, as it has been shown that 226Ra in 
freshwater mussels is the biggest potential contributor to mine-related ingestion 
dose from a hypothetical release of retention pond waters from the mine site (Martin 
2000; van Dam et al. 2002). This is primarily because (a) freshwater mussels are 
an integral part of the diet of local Aboriginal people, (b) the high uptake factor, or 
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Cr, of 19,000 (Johnston 1987) for radium in freshwater mussels and (c) the large 
ingestion dose coefficient for 226Ra of 0.8 µSv · Bq−1 (for a 10 year old child)  (ICRP 
1995). Mussels are collected annually from the billabong and then aged, processed 
and analysed for their radionuclide content. In Fig. 2, the estimated annual com-
mitted effective radiation dose from the consumption of 226Ra in 2 kg of mussels is 
shown.

It is important to emphasize that Fig. 2 shows the total dose from ingestion of 
226Ra in mussels, rather than a dose related to mining operations, which is assessed 
by routinely monitoring the 226Ra activity concentration in Magela Creek waters 
upstream and downstream of the mine. A 226Ra activity concentration limit for 
Magela Creek water of 10 mBq · L−1 above typical background has been set based 
on potential dietary uptake of 226Ra by Aboriginal people downstream of the mine 
(Sauerland et al. 2005): if 2 kg of mussel flesh were ingested by a 10 year old child in 
a year and the 226Ra activity concentration in Magela Creek water was 10 mBq·L−1 
above background, then the ingestion of 226Ra in freshwater mussels would lead to 
an additional committed effective dose of 0.3 mSv. To this end however no increase 
of 226Ra activity concentrations in Magela Creek water downstream of the mine has 
been observed and mine related dose from the ingestion of radionuclides in mus-
sels is negligible (Supervising Scientist 2012). Although the 226Ra concentrations in 
mussels from Mudginberri Billabong are higher than in a control billabong nearby, 
this is associated with the low water Ca and Mg concentrations in Magela Creek 
(Bollhöfer et al 2011).

Many other aquatic biota have been analysed for radionuclides over the past three 
decades, as they have been identified as traditional food items for Aboriginal people 
in the region and people worried about whether they were safe to eat. Although 

Fig. 2   Annual committed effective dose from ingestion of 226Ra for a 10 year old child eating 2 kg 
of mussels per year. The median for all data ( solid line), the 80th percentile ( dashed) and the 95th 
percentile ( dotted) are shown as well
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modeling showed that none of these food items are likely to contribute ingestion 
doses similar to those received from the ingestion of mussels for a potential release 
of mine water (Martin 2000), various fish species, freshwater shrimp ( Macrobra-
chiumrosenbergii), reptiles ( Acrochordus arafurae, Crocodylus johnstoni), magpie 
goose ( Anseranas semipalmata) (Martin et al. 1998) and water lily ( Nymphaea spp) 
(Pettersson et al. 1993) have been analysed. Many of these food items were pro-
vided for analysis by Aboriginal people, or obtained by accompanying Aboriginal 
people on the occasional hunting and gathering trip. This interaction allowed a two 
way knowledge exchange and improved the understanding of traditional diet, which 
is still subject to uncertainty but ultimately guides any radiation dose assessment for 
Aboriginal people utilising the wetlands of Kakadu as a food resource base.

Monitoring radionuclides in terrestrial bush foods  Modelling has shown that con-
sumption of radionuclides in terrestrial animals foraging the floodplains contrib-
ute less than 1 % of the radiological dose to humans from ingestion of bush foods 
after a hypothetical release of mine waters and is negligible for current operation 
of the mine (Martin 2000). However, recent emphasis has been on investigating the 
uptake of radionuclides in terrestrial plant and animal species due to the increased 
radiological importance that these bush foods are expected to have during the post-
rehabilitation phase when people access the rehabilitated mine site and a terres-
trial landform re-establishes. It has also been shown that radionuclides and metals 
released from Ranger into Magela Creek do not deposit in the sandy creek beds 
between Ranger mine and Mudginberri Billabong, but ultimately on the Magela 
Floodplain with an area of approximately 220 km2 (Murray et al. 1993). This depos-
ited activity is available for uptake from the floodplain sediment and soils by ter-
restrial animals and plants, when the floodplains dry during the dry season.

Samples from terrestrial animals and plants continue to be investigated to provide 
re-assurance to Aboriginal people and investigate radionuclide transfer characteris-
tics. The magnitudes of CRs influence the importance of a bushfood-radionuclide 
combination for ingestion dose assessment and Fig. 3 shows a summary of CRs for 
fruit (figs, plums, passion fruit, apples) and yams in the ARR.

Yam CRs are similar for all radionuclides and generally greater than the corre-
sponding CRs for fruit (see also Ryan et al. 2005). Fruit CRs vary over two orders of 
magnitude and followed the approximate order 226Ra ≈ lead-210 (210Pb) > 210Po > tho-
rium-232 (232Th) > uranium-238 (238U). Some elements when absorbed from the soil 
through the root system are characterised by low mobility within the plant and are 
retained and accumulated in the roots (Pöschl and Nollet, 2007). Translocation of 
uranium, thorium, radium, lead and polonium from the roots to the fruit is limited 
(Mitchell et  al. 2013), which explains the higher CRs for yam compared to the 
fruits.

Wallaby ( Macropus agilis), pig ( Sus scrofa) and feral buffalo ( Bubalusbubalis) 
tissue have also been analysed including some organ tissues, as organs are routinely 
consumed by Aboriginal people (Altman 1987). CRs for 210Po and 210Pb in organs 
are typically higher than for flesh by approximately one order of magnitude. The 
liver and kidneys act as filters for substances penetrating or leaving the body of an 
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animal and have been shown to accumulate various pollutants. In contrast 226Ra 
preferentially accumulates in the bones (Pöschl and Nollet 2007). Analysis of the 
data indicates that 210Po is the most important radionuclide in terrestrial animals for 
human ingestion dose assessment, due to its relatively high CR in terrestrial bush 
foods and high ingestion dose coefficient.

The monitoring of radionuclides in bush foods sourced from the wetlands of 
Kakadu National Park has been used to assess radiological impacts to Aboriginal 
people from a traditional diet. The results demonstrate that there are no unaccept-
able radiological impacts and provide assurance to Aboriginal people that bush 
foods in Kakadu are safe to eat from a radiological perspective.
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Abstract  We evaluate the links between wetland breeding mosquitoes (Diptera: 
Culicidae), vector-borne disease transmission, human incidence of disease and the 
underlying mechanisms regulating these relationships. Mosquitoes are a diverse 
taxonomic group that plays a number of important roles in healthy wetlands. Mos-
quitoes are also the most important insect vectors of pathogens to wildlife, live-
stock and humans, transmitting many important diseases such as malaria, West Nile 
virus, and Ross River virus. Mosquitoes interact with a variety of invertebrates 
and vertebrates in complex communities within wetlands. These interactions regu-
late populations of key vector species. Healthy wetlands are characterized by intact 
wetland communities with increased biodiversity and trophic structure that tend 
to minimize dominance and production of vector mosquito species, reservoir host 
species and minimize risk of disease to surrounding human and animal populations. 
In a public health paradigm, these natural ecological interactions can be consid-
ered a direct ecosystem service—natural mitigation of vector-borne disease risk. 
Anthropogenic disruptions, including land-use, habitat alterations, biodiversity loss 
and climatic changes can compromise natural ecological processes that regulate 
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mosquito populations and have severe human health and economic implications. 
Maintenance of healthy wetlands is likely to be beneficial for human and ecosys-
tem health, and more cost effective and sustainable than chemical control of vector  
species.

Keywords  Competition · Predation · Ecosystem · Biodiversity · Aquatic interac-
tions · Community · Climate · Salinity · Mosquito-borne disease · Vector · Ross 
River virus · Malaria · West Nile virus · Filariasis

Introduction

Globally, wetlands are subject to a variety of natural and anthropogenic threats, 
of which there are multiple consequences to ecosystems within and surrounding 
these wetlands. In this chapter we focus on the ecological effects of wetland disrup-
tion and address their health related impacts relating to mosquito-borne disease. 
Mosquitoes (Diptera: Culicidae) are an important biological component of wet-
lands (Dale and Knight 2008). As a taxonomic group, mosquitoes exhibit diverse 
life histories and many mosquito species utilize wetlands as oviposition and larval 
development sites (Dale and Knight 2008; Gilbert et al. 2008). Within wetlands, 
mosquito larvae occupy a variety of species specific ecological niches as predators, 
grazers or filter feeders. The larvae of many mosquito species are relatively inferior 
competitors with other aquatic fauna and are susceptible to predation (Juliano 2007) 
and, as such, form an important component of wetland food webs. As a general 
rule, disruptions to wetlands that consequently result in enhanced mosquito-borne 
disease tend to be those that negatively impact competitive or predatory regulation 
of mosquito populations and, thus, erode ecosystem services that would otherwise 
benefit human health (Horwitz and Finlayson 2011).

In this chapter we emphasize the importance of ecological processes that regu-
late mosquito populations and communities in wetlands, and how changes to mos-
quito ecology can translate to disease transmission. We broadly review the literature 
and present specific case studies that relate pathogen/disease information to wetland 
and mosquito information. We focus on wetlands that naturally contain freshwater, 
under the following definition: a permanent, semi-permanent or ephemeral body of 
water, fed primarily by rainfall or groundwater hydrology, which is either natural 
or anthropogenic in origin. We describe the main anthropogenic sources of mos-
quito regulation and refer the reader to other sources of information (e.g., Dale and 
Knight 2008), but do not make this a focus of the chapter. We also exclude discus-
sion on coastal tidal salt marshes, which can vary considerable in their ecology to 
freshwater wetlands (Dale and Knight 2008, 2012). This chapter shows that by un-
derstanding the ecological determinants of mosquito populations in wetlands, and 
consequently human disease incidence, wetland management that promotes natural 
mechanisms of control are likely to be more sustainable and economically benefi-
cial than management involving chemical control.
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Wetlands and Mosquitoes

Lifecycle

Most shallow aquatic habitats, including natural and constructed wetlands (e.g., 
Fig.  1), provide suitable habitat for a variety of mosquito species. Adult female 
mosquitoes oviposit on the surface of existing water bodies or on substrate (e.g., 
emergent vegetation, ground depressions) that will likely be inundated with water 
(Fig. 2). Mosquito larvae hatch and develop through four larval instars while feed-
ing on microorganisms (bacteria, fungi, and algae) and detritus in the water column 
and on plant surfaces (Merritt et al. 1992) (Fig. 2). After a brief non-feeding pupal 
stage, winged adults emerge (Fig. 2). Adults usually mate soon after hatching and 
feed on nectar, but females of all but a few species also require a blood-meal to 
provide proteins and nutrients for egg development. Females often feed on multiple 
hosts because they either get insufficient blood required for oviposition from one 
host or survive long enough to lay multiple batches of eggs. The blood feeding habit 
of female adults renders them prone to acquiring pathogens and transmitting diseas-
es when they feed on an infected host and then bite a non-immune human. Although 
only adult females directly interact with humans, the distribution and abundance 
of mosquito species are mainly regulated by ecological processes at the egg (e.g., 
desiccation) and larval (e.g., competition and predation) stages (Juliano 2009). En-
vironmental factors that indicate favorable oviposition habitats to adult females also 
indirectly regulate local mosquito distributions and abundances. Because wetlands 
represent extensive potential mosquito development sites and population dynamics 
are driven by processes acting at the immature stages, studies of mosquito commu-
nities in both natural and constructed wetlands have been a focus of considerable 

Fig 1   A constructed wetland in a residential development in Centreville, Maryland, USA. This 
wetland has been designed to permanently retain water. It is an example of one of the most 
accepted and effective best management practices for treating stormwater runoff and removing 
harmful nutrients. (© Paul Leisnham)
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research in pest control, water management, and public health (e.g., Knight et al. 
2003; Rey et al. 2012).

As with most wetland insects, the life histories of mosquitoes are strongly in-
fluenced by the flooding regimes and the permanence of habitats (e.g., Washburn 
1995; Batzer and Wissinger 1996; Wellborn et al. 1996; Juliano 2009). Insect life 
histories have commonly been separated into two broad categories based on their 
colonization of wetlands during and after flooding (Batzer and Wissinger 1996). 
This categorization is also relevant to mosquitoes. The first category of wetland 
colonization involves the oviposition of desiccation-resistant eggs on substrates that 
are later inundated with water. This strategy is characteristic of univoltine Aedes 
species in temperate regions that overwinter at the egg stage, such as those species 
that oviposit in ground depressions that later become ephemeral snow-pools (e.g., 
Aedes communis and Aedes punctor of the northern United States and Canada), or 

Fig 2   Generalized lifecycle for a Culex sp. mosquito representing Adult (Imago), egg, larval and 
pupal stages. Mariana Ruiz Villarreal, Wikimedia Commons: http://commons.wikimedia.org/wiki/
File:Culex_mosquito_life_cycle_en.svg
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species that oviposit on aquatic vegetation above the water line in more permanent 
pools (e.g., Aedes abserratus). Although these species are thought to be univoltine 
and are characterized by peaks in abundance early in the season, some frequently 
reappear more than once during a single breeding season. This reappearance may 
represent a percentage of the overwintering population that requires more than one 
flooding for complete egg hatch or a staggering of egg maturation within clutches so 
that some eggs remain viable over several wet-dry cycles. Alternatively, late season 
individuals may also represent a second generation. In addition to univoltine spe-
cies, there are numerous multivoltine species that utilize multiple flooding events 
of ephemeral wetlands each season by laying desiccation resistant eggs in ground-
pool depressions. These species are commonly referred to as floodwater mosquitoes 
(e.g., Aedes vexans, Aedes alboannulatus and Aedes camptorhynchus) and undergo 
accelerated larval development and pupation within 4–5 days of egg hatch if water 
temperatures are favorable.

The second category of colonization involves adult immigration and oviposition 
on water surfaces. These mosquitoes have eggs that need to be continually moist 
and hatch with a few days after oviposition (e.g., Culex australicus and Anopheles 
annulipes). In temperate regions, many Culex and Anopheles mosquitoes overwin-
ter at the adult sage and then colonize wetlands at the start of the season. Breeding 
is continuous; thus, all instars are represented in a wetland at any one time. Often 
these species utilize permanent wetlands that have considerable organic matter and 
thus many species are tolerant to high organic content (e.g., Culex pipiens, Culex 
quinquefasiatus and Culex australicus).

Because immature mosquitoes are restricted to the specific wetland of maternal 
oviposition, there is strong selection on adult females to identify favorable habi-
tats (Laird 1988; Blaustein and Chase 2007). Several studies have demonstrated 
that physiochemical conditions of wetlands cue either positive or negative ovi-
position responses in adult female mosquitoes or that species vary considerably 
in their responses (Clements 1999). These include humidity gradients (Kennedy 
1942), vegetation cover (Orr and Resh 1992), and food (Mian and Mulla 1986; 
Blaustein and Kotler 1993). Additionally, several species of mosquito have been 
observed to avoid ovipositing in wetlands with predators (Chesson 1984; Petran-
ka and Fakhoury 1991; Angelon and Petranka 2002; Spencer et al. 2002; Kiflawi 
et  al. 2003; Silberbush and Blaustein 2008; Walton et  al. 2009) or competitors 
(Orr and Resh 1992; Blaustein and Kotler 1993; Edgerly et al. 1998; Kiflawi et al. 
2003; Mokany and Shine 2003). In addition to conspecifics, common competitors 
of mosquitoes include a variety of other co-occurring mosquito species and other 
invertebrates (e.g., non-mosquito insects (Chironomidae, several Corixidae), mol-
luscs (Pulmonate snails), anuran larvae (Ranidae, Hylidae), amphipods, and cla-
doceran and copepod zooplankton). Considerable research has attempted to iden-
tify specific chemical compounds and microbial biota related to oviposition to 
use both as attractions in oviposition traps and deterrents (Clements 1999; Silver  
2008).
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Wetlands and Mosquito-Borne Disease

There are a number of vector-borne diseases around the world that are transmitted 
by wetland breeding mosquitoes (Dale and Knight 2008). Some of the mosquito 
species involved in disease transmission also utilize other breeding habitats such 
as containers, but here we focus upon non-tidal wetland environments. Specifi-
cally, we focus on Ross River virus (RRV, Togoviridae: Alphavirus), malaria and 
West Nile virus (WNV, Flaviviridae: Flavivirus), which are featured in case studies 
throughout this chapter. We also describe filariasis, which is also mosquito-borne 
and associated with wetland environments, but not featured in our case studies.

Ross River Virus  Ross River virus (RRV, Togoviridae: Alphavirus) is a mos-
quito-borne pathogen, endemic to Australia and Papua New Guinea (Fig. 3), and 
of significant public health concern. Epidemiologically RRV is Australia’s most 
significant (causing the most human illness) mosquito-borne pathogen, resulting 
in approximately 5000 human notifications of polyarthritis, the clinical manifes-
tation of RRV infection, annually (Russell 2002). The most common presenting 
symptoms of people infected with RRV are arthralgia, low-grade fever, fatigue, and 
a maculopapular rash. Although 55–75 % of cases of RRV infection are asymptom-
atic (Aaskov et al. 1981; Russell et al. 1998; Harley et al. 2001), the disease can be 
responsible for considerable morbidity, particularly with debilitating joint pains that 
can persist for months.

Fig 3   Map showing countries where cases of Ross River virus ( upper left), Malaria ( upper right), West 
Nile virus ( lower left), and Lymphatic filariasis ( lower right) occur. Data sources: RRV—Lau et al. 
(2012) and Harley et al. (2001); Malaria—WHO (http://gamapserver.who.int/mapLibrary/) and CDC 
(http://wwwnc.cdc.gov/travel/yellowbook/2014/chapter-3-infectious-diseases-related-to-travel/
travel-vaccines-and-malaria-information-by-country/azerbaijan#seldyfm533); Lymphatic filaria-
sis—WHO (http://gamapserver.who.int/mapLibrary/); WNV—World Animal Health Information 
Database (http://www.oie.int/wahis_2/public/wahid.php/Diseaseinformation/Diseasedistribution-
map) and Pubmed searches (http://www.ncbi.nlm.nih.gov/pubmed)
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This arbovirus cycles enzootically between mosquito vectors (which primarily 
develop in freshwater wetlands and saltmarsh habitats) and mammalian reservoir 
hosts. Human cases often occur in or near areas with abundant vector and host 
populations, where epizootics likely lead to spillover and epidemics (e.g., Lind-
say et  al. 1996). There are three principal vectors of RRV across Australia ( Cu-
lex annulirostris, Aedes camptorhynchus and Aedes vigilax), but other species can 
also be involved (Harley et al. 2001; Russell 2002). Culex annulirostris breeds in 
freshwater wetlands and contributes to transmission across the continent, Aedes 
camptorhynchus is halotolerant and is a dominant vector in southern Australia, and 
Aedes vigilax is also halotolerant replacing Aedes camptorhynchus north of its dis-
tribution (Harley et al. 2001; Russell 2002). Both of these species breed primarily 
in saltmarsh habitats, but also occur in inland riverine and wetland areas where 
there is a brackish influence. Across the continent macropod marsupials are gen-
erally considered the principal reservoir hosts, although other marsupials (and to 
a lesser extent, placental mammals) also have a role in transmission (Boyd et al. 
2001; Boyd and Kay 2001; Harley et al. 2001; Russell 2002; Kay et al. 2007; Carver 
et  al. 2009c). Activity of reservoirs around wetlands influences RRV outbreaks. 
For example, RRV outbreaks in Tasmania have been linked to activity of macro-
pods around flooded pastures where Aedes camptorhynchus have become abundant 
(Russell 2002).

Malaria  Malaria is one of the most prevalent vector-borne diseases in the world, 
causing an estimated 225 million cases and 781,000 deaths in 2009 (WHO 2010), 
and claiming the lives of more children than any other infectious disease. Symptoms 
of malaria include an acute febrile illness, with the most common presenting symp-
toms being fever, headache, chills and flu-like illness. The disease is endemic in a 
number of countries across the tropics and sub-tropics, in particular Africa (Fig. 3). 
There are four malaria parasites (eukaryotic protists of the genus Plasmodium) that 
infect humans: Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, 
and Plasmodium malariae (the first two being the most common). A fifth malaria 
parasite ( Plasmodium knowlesi, monkey malaria) has recently emerged as a public 
health threat with human cases being reported from Southeast Asia (Sabbatani et al. 
2010). The primary species responsible for severe symptoms and human mortality is 
Plasmodium falciparum, and we focus on this species in all discussion that follows.

Malaria ( Plasmodium falciparum) cycles between humans and primarily Anoph-
eles mosquitoes. It is host, but not vector, species specific. However, Anopheles 
gambiae sensu stricto is considered one of the most efficient vectors of malaria 
(Sinka et al. 2010). This species is highly anthropophilic in its host feeding prefer-
ence and commonly selects human structures as rest sites during the day (Sinka 
et al. 2010). Incidence of malaria has historically been associated with the presence 
of wetlands (swamps and marshes). Consequently management to reduce human 
incidence has included the deliberate draining of these habitats. Both historical and 
contemporary incidence of malaria is more often associated with water develop-
ment projects, agriculture, urbanisation, deforestation, and other human modifica-
tions to the environment that create anthropogenic wetlands (Gratz 1999; Patz et al. 
2004; O’Sullivan et al. 2008).

West Nile Virus  West Nile virus (WNV, Flaviviridae: Flavivirus) is a mosquito-
borne virus, with a distribution spanning five continents (Fig. 3) and is of signifi-
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cant health concern to humans. Infection with WNV can be asymptomatic, result in 
West Nile fever (a mild febrile illness), or in severe cases West Nile encephalitis (a 
neurodegenerative disease), which can be fatal (Smithburn and Jacobs 1942; Tsai 
et al. 1998). However, the vast majority (~ 80–90 %) of WNV cases are asymptom-
atic (Steinman et al. 2003). Increased attention has been given to the ecology and 
epidemiology of WNV, since its introduction to North America in 1999 and rapid 
spread from the east to west coast (Petersen and Hayes 2004). Sequence data indi-
cates WNV in North America was most closely related to a strain found in Israel in 
1998. In the U.S. over 35,000 people have been infected with WNV, leading to over 
1500 deaths (CDC 2013).

This virus is primarily transmitted by Culex spp. mosquitoes, amplified by com-
petent avian hosts and often associated with wetlands (Hubalek and Halouzka 1999; 
Kilpatrick et al. 2006b; Ezenwa et al. 2007; Kilpatrick et al. 2007; Reiter 2010). 
WNV can also be transmitted to a variety of mammal species, although they are less 
competent reservoirs than birds (Kilpatrick et al. 2005; Hamer et al. 2008). An im-
portant vector for WNV within North America and Europe is Culex pipiens (Fonseca 
et al. 2004b), although vector species vary geographically (Kilpatrick et al. 2007). 
WNV exhibits extreme temporal and spatial variability (Kilpatrick et al. 2010), and 
a number of studies have demonstrated this is related to host community structure 
(Ezenwa et al. 2006; Kilpatrick et al. 2006b; Swaddle and Calos 2008; Allan et al. 
2009). Vector feeding behavior, and shifts in feeding behavior, also appear impor-
tant determinants of the spatial and temporal distribution of human cases (Fonseca 
et al. 2004b; Fonseca et al. 2004a; Spielman et al. 2004; Kilpatrick et al. 2006a).

Filariasis  A fourth example of mosquito-borne disease associated with wetlands is 
filariasis. This is a chronic parasitic disease caused by infection from filarial nema-
tode worms. There are three types of human filarial disease, defined by the region of 
the body that the nematodes invade. Only lymphatic filariasis, which occupies the 
lymphatic system, is vectored by mosquitoes. The disease is endemic in a number 
of countries across the tropics and sub-tropics of Africa, Asia, Western Pacific, and 
Central/South America (Fig.  3), with approximately 120  million people infected 
(CDC 2011; Taylor et al. 2010). Of those, about two thirds are asymptomatic, while 
the remainder show clinical signs of the disease, such as hydrocoele, lymphoedema, 
and elephantiasis (CDC 2011; Taylor et al. 2010).

The lymphatic filariasis causing nematodes, Wuchereria bancrofti, Brugia ma-
layi, and Brugia timori, are transmitted by a wide range of mosquito species within 
the Aedes, Anopheles, Coquillettidia, Culex and Mansonia genera (CDC 2011). The 
specific vectors involved in transmission vary by geography and nematode species, 
with a number of the mosquito species proliferating in wetland areas where the 
disease is endemic. However, the disease is predominantly associated with wetlands 
that are anthropogenic in origin (including areas of poor surface drainage, irrigation 
schemes, large numbers of container habitats, and lack of sanitation) rather than the 
presence of natural wetlands (Erlanger et al. 2005). For example, in Timor Leste, 
95 % of lymphatic filariasis cases are caused by B. timori, vectored by Anopheles 
barbirostris. This mosquito species breeds in water from fresh water springs but has 
a particular affinity to irrigated rice-paddy fields (Sudomo et al. 2010). Adult nema-
todes in the lymphatic system produce microfilariae that migrate into the lymph 
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and blood channels. These microfilariae often concentrate in the blood vessels with 
a circadian rhythm that matches the bitting patterns of the local mosquito vectors 
(Taylor et al. 2010). It is within the mosquito that the microfilariae continue their life 
cycle before being transmitted to humans as larvae when the mosquito bites again.

Regulation of Mosquitoes in Wetlands

There are a variety of ecological processes by which mosquitoes are regulated in 
wetlands (Fig. 4). In a public health sense, ecological processes that regulate mos-
quito vectors of infectious diseases to humans can be considered ecosystem services 
(Patz and Confalonieri 2005; Horwitz and Finlayson 2011). Here, we briefly con-
sider the main ecological processes that regulate mosquitoes in wetlands, before 
delving into more detailed assessments of the effects of wetland disruption and 
health of wetlands on vector mosquito abundance and vector-borne diseases.

Factors that regulate wetland permanence (ephemerality), structure (vegetation 
and physical characteristics) and nutrient characteristics are perhaps the most con-
spicuous determinants of mosquito abundance, human-mosquito contact and vector-
borne disease incidence (Wellborn et al. 1996, e.g., Pinder et al. 2005; Sanford et al. 

Fig 4   General linkages between wetland health and processes governing abundance and domi-
nance of vector mosquitoes, abundance and dominance of reservoir hosts, pathogen activity and 
human exposure risk
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2005; Juliano 2009; van Schie et al. 2009; Carver et al. 2010). In general, evidence 
suggests the abundance of vector mosquitoes is lower in wetlands with more open 
and deeper water (which is likely to exhibit more surface motion/disturbance), with 
relatively sparse or patchy macrophytes and emergent vegetation, and not rich in 
nutrients (such as nitrogen) (Russell 1999; Thullen et al. 2002; Arav and Blaustein 
2006; Gingrich et al. 2006; Munga et al. 2006; Carver et al. 2009b; Juliano 2009; 
Mian et al. 2009). These factors generally promote complex aquatic communities, 
where predators and competitors of mosquito larvae are abundant. Greater motion 
of the water surface in more open wetlands tends to negatively influence mosquito 
abundance because larvae of many vector species must swim to the water surface to 
breathe, and hence require relatively still water.

However, because many vectors of mosquito-borne disease are capable of rap-
idly colonizing bodies of water, the appearance of ephemeral wetlands is also an 
important source of mosquito abundance (Gingrich et al. 2006; Carver et al. 2009b). 
As a general phenomenon, ephemeral wetlands serve as significant sources of vec-
tor mosquito production compared to permanent wetlands because they are defi-
cient in predatory and competition based regulatory processes (Spencer et al. 1999; 
Chase and Knight 2003; Schafer et  al. 2006; Juliano 2009; Carver et  al. 2010). 
Hence, there is often a capacity of mosquitoes to achieve greater densities and per 
capita rate increases within ephemeral wetlands (Chase and Knight 2003).

The factors we have briefly described above are important in regulating the 
abundance of mosquitoes in wetlands that are vectors of infectious disease. This is 
important because the potential for pathogen transmission is related to vector mos-
quito abundance (e.g., Carver et al. 2009a). It is, however, important to acknowl-
edge that additional phenomena exist in the area surrounding wetlands that regulate 
the prevalence of infections among vector species, and consequently exposure risk 
of humans to infectious pathogens. In particular, these are factors that influence the 
structure of the host community surrounding wetlands. In many cases pathogens 
that are transmitted by mosquitoes (with exceptions, such as Dengue 1–4 and ma-
laria) are either zoonotic and/or spread by catholic vectors. Hence the relative abun-
dance of hosts that act as amplifying or dilution agents (collectively encompassed 
under the dilution effect hypothesis; Ostfeld and Keesing 2000a, b; Keesing et al. 
2006), as well as vector feeding preference, are important components of human 
disease exposure risk.

Negative Health Effects of Wetland Disruption

Biodiversity Loss, Vector and Host Communities, and 
Disease Proliferation

As outlined in the preceding section, ecological processes that negatively influence 
abundance of mosquito larvae in wetlands tend to be those that (1) promote commu-
nity complexity and consequently increased interactions between mosquitoes and 
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aquatic competitors and predators, or (2) increase physical disturbance of the water 
surface (Fig. 4). Accordingly, disruptions to wetlands that influence these features 
tend to be those that are likely to promote abundant populations of mosquito larvae 
and the capacity of the vector population to transmit pathogens (Fig. 4 and 5). Ad-
ditionally, disruptions to wetlands and their host communities are also important in 
pathogen transmission. Disruption of the host community can result in increased 

Fig 5   Ephemeral wetlands in the wheatbelt of southwestern Australia: a healthy wetland com-
posed of rich aquatic community and few vector ( Aedes camptorhynchus) mosquitoes; b wetland 
heavily impacted by rising groundwater tables and salinity with poor aquatic community richness 
and many Ae. camptorhynchus. Pictures courtesy of Scott Carver



S. Carver et al.106

pathogen transmission and disease incidence via mechanisms that include: local 
exclusion or reduction in abundance of dilution hosts, increased abundance of am-
plification hosts, or changes in host community structure that results in shifts in vec-
tor feeding behaviour toward amplification hosts or humans. In the broadest sense, 
these ecosystem disruptions can erode ecosystem services that are otherwise ben-
eficial in reducing human mosquito-borne disease exposure risk. We present two 
case studies that illustrate concepts of how wetland disruption can influence vector 
mosquito abundance and transmission of vector-borne pathogens. We illustrate how 
(1) salinity induced disruption of wetlands influences vectors, hosts, determinants 
of vector abundance and the potential for pathogen transmission, and (2) how hu-
man changes in land-use (athropogenic availability of wetlands) and climate influ-
ence disease transmission.

Case Study: Dryland Salinity and the Ecology of RRV  
in Western Australia

In the southwest of Western Australia (WA) RRV is primarily transmitted by the 
salt tolerant mosquito Aedes camptorhynchus. This vector is common to coastal 
saltmarsh habitats, but rarely occurs in freshwater wetlands, even though the larvae 
develop well in fresh water (Barton and Aberton 2005; van Schie et al. 2009). Avail-
able evidence suggests that Aedes camptorhynchus larvae are restricted to brackish 
and saline environments because they are inferior competitors and susceptible to 
predation in freshwater environments (Carver et al. 2010). Accordingly, incidence 
of RRV in southwest WA predominates around coastal saltmarsh zones, where Ae-
des camptorhynchus, mammalian reservoir hosts and humans are abundant (Lind-
say et al. 1996; Lindsay et al. 2005).

The inland southwest of WA (the wheatbelt) is substantially affected by sec-
ondary salinisation, as a consequence of land clearing and rising groundwater ta-
bles bringing salt stored in the regolith to the soil surface (McKenzie et al. 2003).  
Currently more than 1 million hectares are affected and salinisation is expected to 
expand two to four fold by 2050 (George et al. 2006). This environmental change 
has resulted in salinity induced disruption of many wetlands in this region, with dra-
matic consequences for aquatic fauna and wetland structure (e.g., Bunn and Davies 
1992; Halse et al. 2003; Cale et al. 2004; Pinder et al. 2005; Carver et al. 2009b, 
2010) (Fig. 5).

Of particular relevance to the ecology of RRV, increasing salinization of the 
wheatbelt has resulted in greater regional abundance and distribution of Aedes 
camptorhynchus (Lindsay et al. 2007; Jardine et al. 2008a; Carver et al. 2009b). 
The likely underlying mechanism for this increased vector abundance and distri-
bution has been a combination of greater area of standing water for Aedes camp-
torhynchus breeding and release from aquatic competition and predation in water 
bodies contaminated with salt (Carver et  al. 2009d; Carver et  al. 2010) (Fig. 5). 
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This increased vectorial potential for RRV transmission is broadly consistent with 
ecosystem distress syndrome (Jardine et al. 2007), as originally described by Rap-
port et al. (1985).

Beyond the direct disruptive effects of salinity on wetlands and their species 
composition in the region, there is potential for salinity to have other influences 
on the ecology of RRV. In particular, mammalian hosts (particularly marsupials) 
around wetlands are important components of zoonotic RRV transmission. Their 
distribution is influenced by habitat characteristics in the environment, which are 
disrupted by salinity (McKenzie et al. 2003, 2004). Surveys of mammal commu-
nity structure were undertaken in the region and, surprisingly, mammal community 
structure was relatively unaffected by environmental salinity (Carver et al. 2009a; 
Carver 2010). Subsequent modeling of potential RRV transmission dynamics re-
vealed that the major determinant of RRV transmission in this region was abun-
dance of Aedes camptorhynchus (Carver et al. 2009a).

Ecological conditions in the southwest of WA suggest that one might expect 
to see more human cases of RRV in areas disrupted by salinization (Carver et al. 
2009a). However, to date no such relationship has been detected (Jardine et  al. 
2008b). Currently, there are relatively few cases of RRV in this region, and it ap-
pears human cases are more closely related to coastal epidemic activity, and subse-
quent dispersal of infected humans, Aedes camptorhynchus, or hosts inland (Jardine 
et al. 2008b; Carver et al. 2009a). It is possible that an enzootic cycle for RRV could 
establish in salinized areas, leading to increased human incidence. However, it is 
currently unclear if host community structure and seasonal environmental condi-
tions within areas of the region would be permissive for establishment of such a 
cycle. More probable is that the disruption of wetlands by salinity has had, and 
continues to have, an amplifying effect on vector mosquito abundance and that the 
potential for higher RRV incidence rates into the future.

Case Study: Climate, Wetlands and Health

Links between climate change and mosquito-borne disease have received consid-
erable attention over the past 10 years (Rohr et al. 2011). However, much of this 
attention to date has been speculative with little empirical support. It is widely 
acknowledged that climate change and variation may have an effect on the biol-
ogy of vectors, biotic determinants of their abundance and hence alter seasonality, 
abundance and distributions (Githeko et al. 2000; Heft and Walton 2008; Reisen 
et al. 2008; Lafferty 2009; Russell 2009; Mordecai et al. 2013). Likewise climate 
change might affect hosts and pathogens, and a number of socio-economic factors 
can also affect vectors, hosts and pathogens (Hales et al. 1999; Patz et al. 2005; 
Dale and Knight 2008; DeGroote et al. 2008; Reiter 2008; Dobson 2009; Lafferty 
2009; Russell 2009; Mills et al. 2010; Rohr et al. 2011). For example, climate does 
influence human behaviour and hence exposure risk, such as warmer weather lead-
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ing to greater time spent outdoors (Tucker and Gilliland 2007). With this complex 
inter-relationship it can be difficult to directly measure and model the relationships 
between climate change and vector-borne disease exposure and effect.

A number of mosquito vector species utilize wetlands for breeding (see Regula-
tion of mosquitoes in wetlands; Dale 1993; Dale and Knight 2008) and one would 
expect climatic changes that affect wetland size and availability in time and space 
will influence mosquito seasonality, abundance and distributions, both directly and 
via biotic determinants of abundance. Furthermore, a range of hosts involved in 
vector-borne disease dynamics will also be affected by wetland availability e.g. 
wetland birds, macropods, cattle, and this in turn may influence disease incidence. 
Climatic changes that bring about the expansion or reduction of wetland habitats, 
or changes in permanence, may thus alter future mosquito-borne disease incidence, 
such as WNV or RRV. However, it cannot be concluded that the mere expansion 
of wetland habitats will lead to increased disease incidence as complex biological 
inter-relationships come in to play. For example, in the western United States, WNV 
outbreaks occur following drought years, where predators of wetland-breeding 
mosquitoes have been previously eliminated by the dry conditions and allow mos-
quito proliferation in the subsequent wetter year (Chase and Knight 2003; Landes-
man et al. 2007; DeGroote et al. 2008; Lafferty 2009).

Russell (2009) suggested that for Australia, climatic changes that extend the per-
manence of seasonal wetlands in northern Australia will likely enhance cycles that 
sustain Murray Valley encephalitis virus and Kunjin virus across the northern top 
of Western Australia to Queensland. Counter to this, the projected drier spring con-
ditions in south-eastern Australia may reduce virus activity by affecting bird and 
mosquito breeding through loss of wetland habitat (Russell 2009). Again, due to 
the complex biological inter-relationships these predictions are not clear cut. Rus-
sell (2009) points out that heavy rainfall events can be detrimental for Culex larvae 
via habitat flushing, while for arid grasslands, the same event may result in exten-
sive activity of floodwater Aedes species and subsequently Culex annulirostris that 
utilises newly vegetated and persisting habitat. Greater availability of habitat for 
Culex annulirostris may also lead to an increase in RRV activity. However, based 
on current climate models it is likely there will be a decrease in rainfall over most 
of Australia including the far north (CSIRO and the Bureau of Meteorology 2011).

As described above, there are significant challenges in drawing conclusive links 
between climate change and vector-borne disease, associated with the complexi-
ties of these systems and data requirements in evaluating links. Lafferty (2009) 
correctly surmised that, although the globe has warmed significantly, there is little 
current evidence that this has increased incidence of infectious diseases. More ac-
curate projections are that there will be changes in the geographic range of infec-
tious diseases with little net increase in area (Mordecai et al. 2013). Lafferty (2009) 
also concluded that non-climatic factors (such as effective use of mosquito nests, 
socio-economic factors, human behavior, changing land-use, etc.) may overshadow 
the effects of climate on infectious diseases. Furthermore, a variety of sources cite 
land-use change, the primary force altering the environment in the twenty first cen-
tury, as likely to be a greater driver for the emergence and re-emergence of many 
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infectious diseases, including mosquito-borne diseases (e.g., Patz et al. 2004; Jones 
et al. 2008; Olson et al. 2010; Slaney et al. 2010; see our other case studies). Thus, 
the relative impact of climate change on mosquito-borne diseases must be evaluated 
within the context in which a particular mosquito-borne disease occurs.

Despite these significant challenges some links with climate change have been 
documented for several infectious diseases, mostly of which are vector-borne (Ost-
feld 2009; Rohr et al. 2011 and references therein). Of these examples there is one 
that is both mosquito-borne, associated with wetlands and exhibiting increasing 
global incidence, Malaria (Pascual et al. 2006; Pascual et al. 2008; Alonso et al. 
2011). Authors have principally been able to demonstrate links between climate 
change and malaria because of high quality long-term climate, vector and disease 
data, thorough understanding or the biology of the system, and use of models that 
incorporate both extrinsic (climate) and intrinsic (biology of parasite, hosts and 
vectors) complexities of the system (Ostfeld 2009). Such detailed knowledge is not 
available for most other mosquito-borne pathogens associated with wetlands.

In terms of human mortality, malaria causes the greatest disease burden of any 
mosquito-borne disease. Anopheles gambiae sensu stricto (the most efficient ma-
laria vector) is associated with semi-permanent, often man-made, or frequently dis-
turbed or ephemeral habitats in agricultural areas, such as rice fields and irrigated 
areas (Sinka et al. 2010; Yadouleton et al. 2010). These habitats are frequently defi-
cient in aquatic predators and competitors of mosquitoes. Anopheles gambiae also 
has a short larval development period, is long lived and highly anthropophilic. The 
combination of these factors likely enables many larvae to develop to adulthood 
before competitors and predators colonize water bodies, to respond rapidly to local 
increases in daily temperature, provides sufficient time for the parasite to develop 
within the vector, and be transmitted to humans.

Pascual et  al. (2006) concluded that in east African highlands, where malaria 
incidence has increased since the 1970s, that temperature has increased and vector 
mosquito population dynamics increase in an exponential fashion with tempera-
ture. Consequently, the size of malaria epidemics in these regions has increased 
since 1970 and cases exhibit a highly non-linear response to this changing climate 
(Pascual et al. 2008; Alonso et al. 2011). Comprehension of the mechanistic links 
between climatic changes and exacerbated malaria incidence was advanced further 
by Paaijmans et al. (2009, 2010), who evaluated the interacting impacts of changes 
in average temperature and daily temperature fluctuations. In areas where malaria 
transmission is expected to expand (highlands, with cooler mean temperatures), 
fluctuations lead to increased parasite development rates and hence malaria trans-
mission. Conversely parasite development rates and malaria transmission had the 
opposite pattern in lowlands, which have warmer mean temperatures and where ma-
laria transmission is expected to contract. Thus, anthropogenic creation of wetlands 
and modification of wetlands by anthropogenic activities, particularly agriculture, 
has led to enhanced malaria incidence in Africa. When combined with anthropo-
genic induced climatic changes this has resulted in expanding incidence in African 
highlands and reduced incidence in lowlands.
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Given complex inter-relationships and requirements for high quality data it is 
not surprising that there are few empirical studies that draw robust links between 
wetlands, biological processes within wetlands, mosquito-borne disease and cli-
mate change. As Dale and Knight (2008) point out, there are numerous papers that 
discuss the possible effects of climate change on mosquitoes and vector-borne dis-
eases, but a lack of research linking the mechanistic components, such as trophic 
processes in wetlands. This highlights a fruitful area of research where gaps in our 
knowledge of these links should be investigated. In doing so we must bear in mind 
that no one study is likely to be of generic use and any predictive models will need 
to take into account regional variation in all model parameters as well as the context 
in which particular mosquito-borne diseases occur.

Positive Effects of Healthy Wetlands

Healthy Wetlands and Ecological Control of Vectors

Evaluation of how wetland disruption can promote incidence of mosquito-borne 
disease is important to understand in context of elucidating ecological mechanisms 
that underlie pathogen transmission. It is also important to evaluate healthy wet-
lands so as to better comprehend how to mitigate disease incidence and promote 
human and environmental health concurrently. In this section we focus on examples 
of healthy wetlands and positive outcomes for reducing vector abundance and mos-
quito-borne disease risk; a ‘double dividend’ whereby enhanced or maintained eco-
system services of wetlands benefit human health outcomes (see Fig. 3 of Horwitz 
and Finlayson 2011 and “Wetlands as settings for human health—the benefits and 
the paradox”). We present two case studies that illustrate (1) appropriate construc-
tion and maintenance of wetlands and (2) how maintaining diverse host commu-
nity composition around healthy wetlands is associated with reductions in pathogen 
prevalence among vector mosquitoes.

Case Study: Macrophytes, Aquatic Fauna, Wetlands  
and RRV in Brisbane, Queensland

The Brisbane metropolitan region of Queensland, Australia, represents an interest-
ing example of wetland health, vectors and mosquito-borne disease. Brisbane is a 
large populous ( > 2 million people) city, spread over a floodplain and surrounding 
hills, with a humid subtropical climate. This combination of demographic and en-
vironmental factors means that there are numerous wetlands throughout the metro-
politan region and a large local human population which can become infected by 
mosquito-borne diseases, such as RRV. Queensland has the highest rates of RRV 
incidence in Australia, likely owing to the combination of moist-warm climatic  



Healthy Wetlands, Healthy People: Mosquito Borne Disease 111

conditions and abundant populations of mosquitoes and marsupials. As such, cases 
of RRV around Brisbane generally follow rainfall patterns (Muhar et  al. 2000). 
RRV is primarily transmitted within urban areas of Brisbane by Culex annulirostris 
(originating from wetlands) and around coastal areas by Aedes vigilax (originating 
from coastal saltmarsh areas, not the focus of this chapter; Muhar et al. 2000). A va-
riety of studies have been undertaken around aspects of wetland health, abundance 
of Culex annulirostris and RRV incidence, although none specifically focus on the 
links across this broad topic.

Wetlands within suburban areas including Brisbane are valued for aesthetic, bio-
diversity, flood and water management, and recreational reasons, as well as for 
providing habitat for birds (Boully 1998; Greenway 2005; Verhoeven et al. 2006). 
Paradoxically, wetlands are also frequently viewed negatively for the associated  
nuisance of biting mosquitoes and exposure risk to vector-borne diseases (see 
Sect. 3; Dale 1993; Boully 1998; Dale and Knight 2008). With respect to RRV, wet-
lands have been identified as a risk factor associated with the disease, and outbreaks 
and clusters of RRV have occurred in residential areas where cases have been lo-
cated close to saline and freshwater wetlands (Whelan et al. 1997; Russell 1999, 
2002; Kelly-Hope et al. 2004). The spatial distribution of RRV cases is not uniform 
across the Brisbane metropolitan region, with high human infection rates noted in 
certain areas including those containing freshwater wetlands (Muhar et al. 2000). 
In support of public perceptions that freshwater wetlands lead to higher RRV inci-
dence, Muhar et al. (2000) found positive relationships between wetland and bush-
land cover among Brisbane suburbs and cases of RRV. This analysis did include 
saltmarsh habitat, in addition to freshwater wetlands, but Muhar et al. (2000) did 
note that RRV cases associated with freshwater suburban areas were characterised 
by high wetland cover, vegetation density and abundance of Culex annulirostris.

While the study by Muhar et al. (2000) would suggest wetlands are bad for hu-
man health in suburban Brisbane, it is important to note that there was little infor-
mation in this study on wetland health. This brings us to a key but obvious point that 
not all wetlands are equal. Different species of mosquitoes are adapted to proliferate 
in specific types of wetlands and the ecological condition or health of the wetland 
can influence mosquito abundance and thus human exposure risk. Dale (1993) lists 
a range of breeding habitats that different Australian mosquito pest species occur in, 
including wetlands, and points out that Culex annulirostris is also found in wetlands 
polluted by human-related activities. Given many mosquito species can proliferate 
in polluted nutrient rich habitats, maintaining the health of wetlands may help in 
limiting mosquito abundance. Furthermore, polluted or disrupted wetland ecosys-
tems may also lead to the reduction or elimination of mosquito larval predators 
and/or changes in the macrophyte coverage, in turn providing ideal habitats for 
mosquito breeding (Greenway et al. 2003). The advantages of a balanced wetland 
ecosystem also holds true for constructed wetlands, if the wetlands is designed and 
managed to maximise macroinvertebrate predators and control macrophyte cover-
age (Russell 1999; Hurst et al. 2004; Greenway 2005).

Greenway et al. (2003) provided a useful study demonstrating how the health of 
wetlands, even constructed wetlands, play an important role in mosquito abundance 
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in Queensland (the data was from areas beyond suburban Brisbane). Among con-
structed wetlands, the abundance of mosquito larvae was reduced in wetlands with 
high biodiversity of macrophytes and macroinvertebrates (Greenway et al. 2003). 
Conversely, mosquitoes were most abundant where constructed wetlands consist-
ed of dense mats of grasses (Greenway et al. 2003). It was concluded that abun-
dance of mosquito larvae can be reduced by planting a variety of macrophyte types, 
maintaining at least 30 % open water and excluding monoculture by any dominant 
macrophyte species. Combined these factors are consistent with evidence that pro-
moting healthy “rich” wetlands with appropriate physical structure is beneficial for 
abundance of aquatic predators and competitors of mosquito larvae, thus reducing 
the vectorial risk for disease transmission. Such a situation also promotes condi-
tions suitable for wetland birds, which are generally incompetent hosts for RRV.

Currently there has been little research on constructing functioning wetlands and 
vector mosquito abundance. Dale and Knight (2008) in their review identified the 
need for research into the links between restoring wetland ecosystem function and 
mosquito proliferation, because inappropriate restoration of wetlands function may 
well bring about unintended effects of creating mosquito habitat. Managing the 
mosquito and RRV aspects of suburban Brisbane generally falls upon local and state 
government, and primarily involves larvicidal treatment of wetlands, spraying adul-
ticides, and physical management of wetland structure (Dale 1993). Local and state 
governments are also involved in wetland conservation and management, although 
the Federal government has a role in the protection of wetlands of national environ-
mental significance. In addressing these two aspects of wetland management there 
need not be a conflict as the promotion and protection of healthy wetlands may help 
limit the proliferation of mosquitoes and disease risk.

Case study: Wetlands, Avian Communities  
and the Ecology of WNV

WNV is an interesting system for evaluating links between wetland health and 
mosquito-borne disease because vectors for this pathogen are commonly associated 
with wetlands. Here we focus on studies of WNV transmission in North America. 
Transmission of WNV exhibits considerable spatial and temporal variability in 
North America, and there are a variety of vector mosquito species (i.e., Petersen and 
Hayes 2004). The most important vector species for WNV transmission in north-
east and northcentral North America appear to be Culex pipiens and Culex restuans 
and, on occasion, Culex salinarius (Kilpatrick et al. 2005). Across southern North 
America Culex quinquefasciatus, Culex nigripalpus and Culex erraticus appear to 
be the most important (Turell et al. 2005; Cupp et al. 2007), and Culex tarsalis and 
Culex pipiens in Western North America (Reisen et  al. 2004; Turell et  al. 2005; 
Bolling et al. 2007). All of these mosquitoes commonly utilize natural wetlands and 
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anthropogenic wetlands, including storm water ponds and structures common in 
densely populated urban environments.

There is also a variety of host species for WNV with varying competencies. The 
most competent reservoirs are frequently found in the vicinity of wetlands, but their 
distributions are not necessarily restricted to wetland habitat. The American Rob-
in ( Turdus migratorius) has been shown to be an important amplification host of 
WNV (Kilpatrick et al. 2006a, b). Many other host species have been evaluated for 
their competence in the laboratory (e.g., Komar 2003). Using a competence index 
calculated from laboratory data Kilpatrick et al. (2007) determined that the eight 
most competent hosts for WNV (which includes birds that are not obligate users of 
wetlands) are the Blue Jay ( Cyanocitta cristata), Western Scrub-Jay ( Aphelocoma 
californica), Black-Billed Magpie ( Pica hudsonia), Common Grackle ( Quiscalus 
quiscula), House Finch ( Carpodacus mexicanus), House Sparrow ( Passer domes-
ticus) and Ring-Billed Gull ( Larus delawarensis), and that there were numerous 
other avian species with moderate and low reservoir competence. Overall, there is 
considerable variation in vector and host competence across North America, and 
this variation has important consequences for WNV transmission.

Ezenwa et al. (2006, 2007) established some important links between wetland 
health, vector abundance, the prevalence of WNV among vector mosquitoes, and 
local human infection rates. These studies were undertaken in southeast Louisiana, 
USA, which is an area characterized by a humid subtropical climate and abundant 
wetlands—conditions generally considered permissive to vector-borne disease ac-
tivity. Sites evaluated by Ezenwa et al. (2006, 2007) had varying intensities of wet-
land, forest and human developed land cover. Conventional wisdom would tend to 
suggest incidence of WNV in this region would be greatest around sites with high 
wetland cover and human population size (as indicated by developed land cover). 
However, this was not the case. Across these sites vector mosquito ( Culex spp.) 
and human infection rates were lowest at locations with greatest wetland cover and 
unrelated to human development of land. Instead, infection rates among both vector 
mosquitoes and humans were negatively related to the richness of non-passerine 
host species, namely water birds.

Results from studies by Ezenwa et al. (2006, 2007) suggest that WNV incidence 
is strongly influenced by the diversity of the avian community, with more diverse 
avian communities harboring proportionally more incompetent reservoir hosts than 
less diverse communities. Host community composition appears important in the 
case of WNV, and a growing number of other zoonotic pathogens, because a greater 
proportion of incompetent reservoir hosts likely results in an increase in dead-end 
transmission events from infected mosquitoes to hosts or, conversely, a greater pro-
portion of mosquitoes feeding on uninfected hosts. Subsequent studies on WNV 
incidence across the US also support this assertion (Swaddle and Calos 2008; Al-
lan et  al. 2009). Ezenwa et  al. (2007) concluded that “preserving large wetland 
areas, and by extension, intact wetland bird communities, may represent a valuable 
ecosystem-based approach for controlling WNV outbreaks”. Additionally, such 
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an approach is more sustainable than management involving chemical control of  
vectors.

Thus knowledge of variation in vector and host competence combined with 
examples of mosquito and avian communities among a variety of wetlands dem-
onstrates compelling links between wetland health and mosquito-borne disease to 
humans. There are important lessons to be learned from studies of WNV in North 
America. In particular the over-simplistic belief that wetlands promote abundance 
of mosquitoes and consequently exposure risk to mosquito-borne diseases does 
not hold when wetlands are healthy. Indeed healthy wetlands appear protective of 
mosquito-borne disease, by promoting rich host communities composed of many 
dilution hosts. While not a component of studies by Ezenwa et al. (2006, 2007), it 
seems likely that wetlands at sites with low vector and human infection rates would 
have diverse aquatic fauna and increased ecological regulation of vector mosquito 
larval abundance, and this may explain the lack of positive relationship between 
wetland area and adult vector abundance.

Synthesis and Conclusions

In this review we have emphasized natural mechanisms that regulate vector mos-
quito abundance in wetlands and transmission of vector-borne diseases to humans. 
We have evaluated abiotic and biotic determinants of vector mosquitoes within wet-
lands, determinants of host community structure around wetlands, and how vectors 
and hosts influence pathogen transmission and ultimately human disease incidence. 
In particular, we have focused on how wetland health can strongly influence disease 
transmission, using case studies (RRV, malaria and WNV) to illustrate how these 
mechanisms are influenced by wetland health. There is a relative paucity of studies 
that enabled us to draw mechanistic links between the local condition of wetlands 
and mosquito-borne disease incidence. Consequently some aspects of our evalua-
tions remain speculative. In many respects the relative paucity of studies linking 
mechanisms between wetlands and vector-borne disease incidence is surprising 
given the importance of such links for human health. No doubt there are a vari-
ety of reasons for this, such as reactive management without data collection or a 
predisposition of people toward chemical control of mosquito populations. It may 
also reflect a fundamental lack of connection between aquatic ecology, wildlife 
and infectious disease transmission. Whatever the reasons, future multidisciplinary 
research that ties together these links (such as we have illustrated throughout this 
chapter) are likely to have significant application and scientific value. This review 
underscores the importance of promoting biodiversity through the maintenance of 
healthy wetlands and the beneficial and sustainable ecosystem services which have 
consequences for human health.
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Abstract  In developing countries millions of people live a life of subsistence agri-
culture, mired in poverty, with limited access to basic human needs, such as food 
and water. Under such circumstances wetlands, through the provision of a range of 
direct and indirect ecosystem services, play a vital role in supporting and sustaining 
peoples’ livelihoods and hence, their health. This chapter discusses the role of wet-
lands in the context of the sustainable livelihoods framework in which wetlands are 
viewed as an asset for the rural poor in the form of “natural capital”. The framework 
is used to illustrate how ecosystem services, livelihoods and health are entwined 
and how the ecosystem services provided by wetlands can be converted to human 
health either directly or via other livelihood assets. It highlights the contributions 
that wetlands make to basic human needs and, either directly or through transfor-
mations to other forms of livelihood capital, the support they provide to livelihoods 
and overall well-being.

Keywords  Livelihood · Ecosystem service · Well-being · Natural capital · Physical 
capital · Financial capital · Social capital · Development · Poverty · Floodplain · 
Agriculture

Introduction

As aptly illustrated by others, the inter-relationships between wetlands and human 
health—a key contributor to human well-being—are complex and dynamic (Hor-
witz and Finlayson 2011; Horwitz et al. 2012; Finlayson and Horwitz 2015). Since 
livelihoods are a vital determinant of well-being many wetland-health links are 
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mediated through peoples’ livelihoods. Good health is essential for people to maxi-
mise livelihood opportunities. Peoples’ livelihoods are undermined by poor health 
and conversely health is impaired by poor livelihoods.

The links between wetlands, livelihoods and health have long been recognized. 
In the past, in many places, wetlands were viewed as unproductive (i.e. supporting 
few livelihoods) and the source of disease. For example, in Europe wetlands were 
widely perceived as wastelands, a source of malaria, and best drained and converted 
to agriculture. Consequently, during the seventeenth and eighteenth centuries major 
drainage schemes converted thousands of square kilometres of wetlands, much of 
which is now highly productive farmland (Cook and Williamson 1999). As a result, 
throughout much of Europe there is now a range of highly modified and degraded 
wetland landscapes (Acreman and José 2000). For example, in the Fenlands of east-
ern England, human activities have transformed all but 0.1 % of the original wet-
lands (Mountford et al. 2002).

Over the last 30 or 40 years, as European societies have become wealthier and 
food security less of an issue, societal values have changed. Wetlands are now wide-
ly perceived to be highly productive ecosystems that maintain environmental qual-
ity, support biodiversity, and contribute to livelihoods directly and indirectly (MA 
2005). As a result, in Europe there is now a significant effort not only to conserve 
what little wetland habitat remains but to enlarge it through restoration activities 
(Colston 2003).

In contrast to Europe, across much of Africa and Asia, high proportions of the 
population remain extremely poor and food security is a key priority for many. 
However, there has been much less transformation of wetlands. Largely unmodified 
wetlands remain key elements of the landscape and are a vital resource, supporting 
the livelihoods of many millions of people (Wood et al 2013). For these people, their 
health is inextricably connected—in a myriad of direct and indirect ways—to the 
wetlands in which they live and work. Many wetland contributions to livelihoods 
result in positive health outcomes. However, there are also features of wetland eco-
systems that can adversely affect livelihoods and/or result in negative health out-
comes. Thus the reality is that in relation to livelihoods and health, wetlands present 
both good and bad prospects. They are effectively a “double edged sword” and the 
extent to which the good outweighs the bad depends a lot on site specific factors 
including exactly how people interact with wetlands and, importantly, how the wet-
lands are managed (Horwitz and Finlayson 2011; Horwitz et al. 2012).

The contributions that wetlands make to peoples’ livelihoods arise from the 
interaction of the ecological functions they perform with human society (Fig. 1). 
Wetlands are seen to provide a wide range of “ecosystem services” that benefit 
livelihoods and societies. Depletion of ecosystem services is widely believed to 
translate into fewer livelihood benefits for people and therefore lower net human 
well-being. However, paradoxically many people who live in Africa and Asia are 
“wealthy” in terms of wetland ecosystem services but are otherwise extremely poor, 
experiencing hard lives, very low levels of well-being and poor health (Horwitz and 
Finlayson 2011; Finlayson and Horwitz 2015).

Generally rural communities are poor because they are not able to effectively 
capture the full benefits associated with the use of natural resources, in part because 
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resources are used primarily for subsistence. To lift people out of poverty requires 
the identification of, and the capacity to utilize, opportunities to improve their 
livelihoods through economic activities: moving beyond subsistence to using the 
available resources in an efficient, equitable, productive and sustainable manner. 
Increasingly, livelihood approaches have focused on how natural resource can be 
used as an asset to improve peoples’ well-being and promote development. This in 
turn inevitably requires some change to the environment. However, significantly al-
tering wetland ecosystems for economic development can adversely affect the very 
ecosystem services on which the poor most depend and often results in unintended, 
negative consequences for the most vulnerable.

Thus there is a paradox: it is necessary to alter ecosystems to facilitate develop-
ment but in altering them key ecosystem services may be undermined. The chal-
lenge for sustainable development is to obtain the right balance between socio-
economic development and sustaining key ecosystem services. A prerequisite for 
obtaining such a balance is a comprehensive understanding of exactly how ecosys-
tem services contribute to livelihoods and peoples’ well-being and health. The di-
chotomy created by this paradox has been recognized by the Ramsar Convention on 
Wetlands. The “wise use” concept is an attempt to address it (Finlayson et al. 2011) 
by promoting sustainable development through the maintenance of the ecosystem 
services that wetlands provide. However, whilst acknowledging the importance of 
the wise-use concept, others argue that the “maintenance of ecological character” 
may reduce opportunities for the poorest and call for a more “people-centred” ap-
proach to wetland management in developing countries (Wood et al. 2013). In such 

Fig. 1   A representation of the influence of wetland ecosystems on human livelihoods. (Adapted 
from Lorenz et al. 1997)
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circumstances, sustainable development requires that peoples’ use of wetlands are 
related to development pathways and trade-offs in ecosystem services.

This chapter provides an overview of the links between wetlands, livelihoods 
and human health, and presents a conceptual framework (based on the sustainable 
livelihoods framework) that illustrates how ecosystem services, livelihoods and health 
are entwined and how the ecosystem services provided by wetlands can be converted 
to human health either directly or via other livelihood assets (i.e. financial, physical 
and social). The links between wetlands and poverty are then explored before draw-
ing conclusions about wetlands as settings for livelihoods and human health.

The Concepts: Ecosystem Services, Livelihoods and Health

The concepts of ecosystem services, livelihoods and health are all multi-faceted hu-
man constructs. Consequently, it is not surprising that the inter-relationships between 
them are intricate and multi-dimensional. Below the different concepts are described 
and a conceptual framework illustrating the inter-linkages between them is presented.

Ecosystem services as defined by the Millennium Ecosystem Assessment are 
simply “the benefits people obtain from ecosystems” (MA 2005). The services that 
wetlands provide vary depending on both the biophysical characteristics of the wet-
land and its catchment and the presence and differing needs of beneficiaries. Four 
broad classes of ecosystem services have been identified (MA 2005; Fig. 2). Typi-
cally, the physical benefits from wetlands include “provisioning services” such as 
domestic water supply, fisheries, livestock grazing, cultivation, grass for thatching, 
and wild plants for food, crafts and medicinal use. Other ecosystem services are 
often not explicitly recognized by communities, but include a wide range of “regu-
lating services” such as flood attenuation, maintenance of dry-season river flows, 

Fig. 2   Ecosystem services provided by or derived from wetlands. (McCartney et al. 2010, adapted 
from MA 2005)
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groundwater recharge, water purification, climate regulation and erosion control, as 
well as a range of “supporting services” such as nutrient cycling and soil formation. 
In addition, people also gain nonphysical benefits from “cultural services”, includ-
ing spiritual enrichment, cognitive development and aesthetic experience. In many 
instances, different services may be closely linked. For example, where people at-
tach spiritual value to soils and water, wetland provisioning services may be linked 
to cultural services. Thus, wetlands bring a wide variety of tangible and intangible 
benefits to large numbers of people and in this respect they provide settings for 
human well-being and health (Horwitz and Finlayson 2011). The way they do this 
is complex and multi-dimensional and is directly related to the specific features and 
ecological functions of the wetland.

Human Health is a key component of human well-being. Human well-being is 
multidimensional and defined as the ability of people to determine and meet their 
needs and to have a range of choices and opportunities to fulfil their potential 
(Prescott-Allen 2001). As such it requires the tackling of a diverse range of chal-
lenges—environmental, social and economic—and widening the options available 
to people to make a living and to participate usefully in society. The Millennium 
Ecosystem Assessment (MA 2005) conceptualised human well-being as represent-
ing the basic material needs for a good life, the experience of freedom, health, per-
sonal security and good social relations. Combined, these provide the conditions for 
physical, social, psychological and spiritual fulfilment. In this context human health 
is defined as “a state of complete physical, mental, and social well-being and not 
merely the absence of disease or infirmity” (WHO 2006). Many factors determine 
a person’s health including complex interactions with the physical environment in 
which they live, the person’s individual characteristics and behaviours, and the so-
cial and economic environment (Fig. 3).

Fig. 3   The ecosystem model of settlements—determinants of health and well being. (Adapted 
from Barton and Grant 2006)
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Livelihoods  There are a variety of definitions but typically livelihoods are per-
ceived as the capabilities, assets (including both material and social resources) and 
activities required for a means of living (Chambers and Conway 1992; Scoones 
1998; DFID 1999). Livelihood strategies (i.e. the range and combination of activi-
ties and choices that people make in order to achieve desired livelihood outcomes) 
are influenced by the level and combination of the assets (or capitals) to which an 
individual has access (Fig. 4, Table 1). The sustainable livelihoods approach was 
developed as a way to improve understanding of the livelihoods of poor people. 
Again, various definitions have been proposed but most are similar to the following: 
A livelihood is sustainable when it can cope with and recover from stress and shocks 
and can maintain or enhance its capabilities and assets, both now and in the future, 
while not undermining the natural resource base (Carney et al. 1999).

Livelihood strategies can be conceived as the choices and activities individuals 
make to both accumulate and convert (i.e. switch) between different assets/capitals. 
For example, knowledge (human capital) can be used to earn money (thereby in-
creasing financial capital) which in turn can be spent to improve education or health 
(human capital) or build shelter (physical capital). The manner in which different 
capital is accessed, transformed and accumulated is to a large extent dictated by the 
transforming “structures and processes” (i.e. the institutions, laws, policies etc.) 
that comprise human societies. Furthermore, the assets (particularly natural capital) 
available to people are to a large extent dictated by the environment in which they 
live. Past analyses of poverty have shown that peoples’ ability to escape from pov-
erty is critically dependent on their access to different assets (DFID 1999).

The livelihoods approach can be conceptualised as encompassing both the eco-
system services and human health concepts (Fig. 5). Health is incorporated within 
the livelihoods concept in two ways. First, since the ability to undertake livelihood 
strategies depends on it, health is a key component of human capital: people in 

Fig. 4   Sustainable livelihoods framework as defined by UK Department for International Devel-
opment (DFID 1999)
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Table 1   Brief description of livelihood assets and other livelihood terminology. (Adapted from 
DFID 1999)
Human capital Skills, knowledge, ability to labour and good health that together 

enable people to pursue different livelihood strategies and achieve 
livelihood objectives

Social capital Social resources upon which people can draw in the pursuit of 
livelihood objectives. Typically social capital comprise networks, 
formal groups (i.e. operating through rules, norms and sanctions) 
and less formal relationships (i.e operating through trust, reciproc-
ity and exchange)

Physical capital Basic infrastructure (e.g. roads, shelter, water supply, electricity) 
and producer goods (e.g. tools and equipment) needed to support 
livelihoods

Financial capital Financial resources that people use to achieve livelihood objectives
Natural capital Natural resource stocks from which resource flows and services 

that are useful for livelihoods are derived
Livelihood strategy The range and combination of activities and choices that people 

make/undertake to achieve their livelihood goals (including produc-
tive activities, investment strategies, reproductive choices etc.)

Livelihood outcomes The achievements or outputs of livelihood strategies. Examples 
include increased income, increased well-being (including health 
status), improved food security etc.

Transforming structures 
and processes

The institutions, organisations, policies and laws that facilitate or 
constrain livelihood strategies and hence livelihood outcomes. They 
determine access to different types of capital, terms of exchanges 
between different types of capital and returns (financial or other-
wise) to any given livelihood strategy

Fig. 5   A conceptual framework linking the concepts of wetland ecosystem services (natural capi-
tal), livelihoods and human health
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poor health are not generally as productive as healthy people and this significantly 
constrains livelihood options. This is especially so for poor households in wetland 
dependent communities, where livelihood activities are often dependent on labour 
and there are fewer safety nets (Wetlands International 2010). Second, because 
“good health” is a fundamental constituent of human well-being, maintaining or 
improving health is frequently seen as a desired “outcome” (i.e. a key objective) of 
livelihood strategies. Thus, health is perceived as both an asset for, and an outcome 
of, livelihoods.

Wetland ecosystem services form an integral part of the livelihood strategy of 
wetland-dependent communities. The ecosystem services are, in the language of 
livelihoods, “natural capital”. This natural capital is transformed into other liveli-
hood assets including human capital (i.e. incorporating health) in a variety of ways. 
Natural capital can translate into health benefits directly. For example, through the 
consumption of nutritious wild foods or medicinal plants that may grow in a wetland. 
Natural capital can also translate into health benefits indirectly via other forms of 
capital. For example, wetlands often provide material (e.g. thatch and timber) that is 
used to build human shelters (i.e. physical capital) that contributes to human health 
by protecting people from the vagaries of the climate. Similarly, some wetland prod-
ucts may be sold and thereby converted to financial capital which in turn may be used 
to enhance health through the purchase of food or medicines. In some communities 
wetlands provide a space for community/religious activities that contribute to social 
cohesion thereby contributing to social capital which in turn may enhance peoples’ 
general psychological well-being (i.e. their mental health). Thus wetlands may con-
tribute to livelihoods and hence human health in a wide variety of ways. These inter-
linkages, which can be complex, are explored more fully in the sections that follow.

Wetland Contributions to Human Capital

Wetlands contribute to human capital and human health in a wide variety of ways. 
Perhaps the most fundamental is via the provisioning services that support basic 
human needs: water and food. However, other provisioning services, as well as 
regulating services and cultural services also play important role in enhancing and 
safeguarding peoples’ well-being and health.

Water Supply

In locations where alternative water sources (e.g. groundwater) are scarce or dry at 
certain times of year, wetlands can provide water for drinking and domestic needs 
and also for livestock and irrigation (McCartney and Acreman 2009). In many plac-
es water abstracted directly from wetlands is essential for basic human survival. 
In places where water treatment facilities are unavailable, the health implications 
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of drinking this water are entirely dependent on the natural purifying processes 
occurring within the wetland. These processes include sedimentation, filtration, 
physical and chemical immobilisation, microbial interactions and uptake by vegeta-
tion (Kadlec and Knight 1996) (Box 1). The effectiveness of these processes vary 
considerably between wetlands and may be highly ephemeral due to the dynamic 
growth and metabolic processes within them (Wetzel 2001; Prior and Jones 2002). 
In wetlands with short residence times during the periods of maximum sediment 
and pollutant loading, the benefits may not be significant (McJannet et al. 2012). 
Furthermore, if pollutant loadings occurring naturally or, for example, arising from 
upstream agriculture, exceed the physiological tolerances of key microbial and/
or plant species, degradation of the wetland will occur and effectiveness in terms 
of water purification is likely to decline (Gilman 1994). Effluents from industries, 
aquaculture ponds and domestic wastes from surrounding cities and villages may 
also drain into a wetland (Amarani et al. 2004), In such circumstances the health of 
people reliant on water from the wetland may be severely compromised.

Wild Food

Many wetlands support households through the provision of a wide range of “wild” 
foodstuffs, including plants, fish, birds and other animals. In the Bumwisudi wet-
land in Tanzania a range of wild fruits and wild vegetables are collected and eaten 
and in other wetlands water-birds and animals are hunted (McCartney and van Kop-
pen 2004; Rebelo et  al. 2009). Fishing, in the form of wild capture fisheries or 
aquaculture, is common in many wetlands, and can play a very important role in 
food security, not simply in terms of food provision but also in terms of vital con-
tributions to nutrition through the provision of protein and micro-nutrients (Box 
2). Wetland resources may provide the main livelihood support in periods when 
agricultural harvests fail completely or there is a shortfall. In the Lower Mekong 
Basin and many other places where people run short of food at critical times each 
year—so called hunger months—wetlands play a crucial role in coping strategies 
during periods of food shortage (Friend 2007).

Box 1: The filter function of the Nakivubo wetland (Source: TEEB 2010)

The Nakivubo wetland in Uganda acts as a natural filter for the effluent of the 
city of Kampala. Approximately 40 % of the sewage produced by the approxi-
mately 0.5 million residents of the city is discharged into the 5.5 km2 wetland. 
The water from the wetland flows into Lake Victoria which is the primary 
source of the city’s water supply. Evaluation has shown that the wastewater 
purification and nutrient retention services of the Nakivubo Swamp have an 
economic value of between US$ 1 and US$ 1.75 million.
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Box 2: The invisible fishery of Southeast Asia

Throughout Southeast Asia, rice is the mainstay of peoples’ diet. However, 
rice based ecosystems are not important for rice alone. They often harbor a 
highly diverse set of organisms that provide multiple benefits including pest 
control and maintenance of soil fertility as well as being an important food 
source in their own right (Roger et al. 1991). Some rice based ecosystems 
contain more than 100 species which are useful to rural communities

The vast majority of rural people in the Lower Mekong Basin harvest, 
consume and sell aquatic resources but only a small proportion could be con-
sidered “professional” fishers. For the majority fishing provides a way of 
diversifying livelihood activities and a safety net that can be relied on in the 
face of crop failure and other food shortages (Friend 2007).

In relation to food, the “catch” from rice fields is usually modest and only 
sufficient for a single day. Consequently, it often goes unnoticed in official 
statistics. However, this “invisible” fishery can be vitally important. In Laos, 
fish and other aquatic organisms, caught in rice fields and associated water 
channels, including amphibians, molluscs, crustaceans and insects, have been 
found to be vitally important for nutrition. They account for a large proportion 
of many people’s intake of protein, micronutrients and essential fatty acids 
(FAO 2004).

Southeast Asian rice farmers often manage aquatic habitats and resources 
on their paddy land to increase the harvesting of aquatic animals which con-
tribute to household nutrition and income. In a study to characterize the diver-
sity of aquatic resources harvested from Farmer Managed Aquatic Systems in 
rice farming landscapes in Cambodia, Thailand and Vietnam. Amilhat et al. 
(2009) recorded farmers harvesting diverse self-recruiting species: 24 locally 
recognized species in Cambodia, 66 in Thailand and 17 in Vietnam. Fish 
accounted for the largest share by weight in all areas but frogs, snails, crus-
taceans and insects were also important. Amphibious species, well adapted 
to rice farming landscapes, dominated catches of both fish and non-fish self-
recruiting species.

In some places, traditional rice fields have been cultivated sustainably for 
many hundreds of years. However, in recent decades as the human population 
has risen, pressure on rice ecosystems has also increased. Agrochemical use, 
sedimentation, habitat loss, destruction of fish breeding grounds and destruc-
tive fishing methods have all undermined the biodiversity of rice based sys-
tems. To feed more people increased rice production is essential. However, 
it should not be at the cost of the living aquatic resources on which so many 
people depend. Ways must be found to sustain changing human demands and 
simultaneously maintain the natural resources.
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Agriculture

The needs of agriculture for flat, fertile land with a ready supply of water means that 
wetlands are often a potentially valuable agricultural resource. In arid and semiarid 
regions with seasonal rainfall patterns the capacity of wetlands to retain moisture 
for long periods, sometimes throughout the year and even during droughts, means 
that they are of particular importance for small-scale agriculture, both cultivation 
and grazing (Box 3). In Bangladesh many thousands of cattle that graze on flood-
plain wetlands during the dry season are watered from perennially flooded areas 
known locally as beels (Anonymous 1997). Such sources are particularly important 
where surface water storage by means of dams or tanks is beyond the capacity of 
traditional rural communities. It is recognized that agricultural activities can result 
in a change in the ecological character of a wetland and as well as bringing benefits 
can pose a risk to other important ecosystem services.

Although the importance of wetland agriculture, and its important contribution to 
livelihoods, is widely recognized, globally there is very little quantitative data on 
its extent. The global network of “Ramsar” sites (i.e., those wetlands designated as 
being of International Importance under the Ramsar Convention) currently contains 
2170 sites covering more than 203 million ha. In both Africa and Asia, more than 
90 % of these sites directly support human welfare in one way or another. In Africa, 
68 % of them are listed as used for agriculture (including livestock), whilst the cor-
responding proportion in Asia is 51 % (Table 2). Since the majority of Ramsar sites 
are conservation areas such figures certainly under represent the percentage of all 
wetlands in these regions used for agriculture.

Box 3: The water resource opportunities provided by dambos for small-
scale farming in Zimbabwe and Malawi (Source: McCartney et al. 1997; 
Wood et al. 2009).

In Zimbabwe, with its savanna climate, dambos (seasonally saturated wet-
lands) are estimated to occupy about 1.3 million ha. Populations have to cope 
with both seasonal and interannual shortages of water as a matter of course. 
Under such circumstances, wetland environments that retain water close to, 
or at the ground surface, represent a water reserve that can be used to bridge 
mid-season droughts and extend the length of the growing season. Conse-
quently, the water resources of dambos are widely utilized as an alternative, 
or supplement to rain-fed agriculture. In the communal farming areas of 
Zimbabwe, many thousands of hectares are cultivated. Most often this takes 
the form of cultivation of maize, rice and vegetables in small gardens. The 
intensity of cultivation varies considerably, but in some communal regions an 
average of 30 % (actual values vary from 5–75 %) of dambo area is cultivated 
and in some instances this cultivation has been continuous for decades.
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Medicine

The roots, leaves and bark of many wetland plants are used for medicinal purpos-
es (Box 4). The efficacy of such remedies is likely to be highly variable but this 
is a direct contribution to human health. Health benefits will also accrue to indi-
viduals—not just those residing in or close to wetlands—through pharmaceuticals 

In another example of dambo linked cultivation, in Malawi, in the dambos 
of Mpika and Kasungu, investments in upland reforestation and soil and water 
management in the dambos increased water available to irrigate crops during 
the dry months of September to December. Consequently, yields increased 
between 30 % and 60 %, while the area under cultivation increased by some 
10–50 %, depending on the wetland. These investments gave villagers enough 
to eat during the food scarce season from December to February and hence 
improved household nutrition (Wood 2009).

Spatial variations in soil and water properties make dambos difficult to 
utilize for large-scale agriculture but are exactly the features which provide 
opportunities for small-scale farmers. Wet patches mixed with dry soils mean 
working areas containing dambos as a single unit is difficult and general-
ized methods of large-scale farming are inappropriate. Attempts by European 
colonists in the first half of the twentieth century to drain dambos to produce 
uniform conditions resulted in rapid soil erosion, environmental deterioration 
and the drying out of dambos. However, at a small scale farmers in commu-
nal areas can use each part of the slope in a different way, thereby reducing 
the risks of crop failure. The use of dambos requires flexibility in approach 
because the extent of soil-moisture retention varies from year to year depend-
ing on the rainfall. In drier years sequential cropping may not be possible, 
while in wetter years although multiple cropping of greater diversity may be 
possible, waterlogging can be a problem. Indigenous farming practices that 
combine dry upland farming with wetland cultivation have adapted to this 
variability.

Table 2   Wetland use in Ramsar sites of International Importance in Africa and Asia (million ha in 
parenthesis). Database analysed 23/1/14
Wetland use Percentage of sites

Africa Asia
Agriculture (including livestock) 68 (82) 51 (11)
Fisheries/aquaculture 58 (80) 56 (11)
Wetland products 35 (58) 29 (7)
Domestic water supply 15 (18) 10 (2)
Recreation/tourism/conservation 53 (54) 73 (13)
Total (any of the above) 91 (89) 96 (16)
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manufactured from wetland organisms (i.e. fungi, bacteria and algae). The medici-
nal qualities of these are good examples of the continued value of traditional knowl-
edge to health care today (Horwitz and Finlayson 2011).

Disaster Risk Reduction

By disrupting livelihoods, natural disasters (e.g. floods, droughts, earthquakes) 
present significant hazards to people and serious consequences for their health, in-
cluding in the worst cases, loss of life. The health consequences of these disasters 
may be immediate or may arise over the long-term, as a consequence of damage to 
infrastructure, increased incidence of disease and/or loss of water and food sources. 
The wide range of ecosystem services provided by wetlands can help mitigate the 
adverse impacts in both the short-term and the long-term (Horwitz et al. 2012).

In the short-term, because of their role in the hydrological cycle some wetlands 
may mitigate the immediate physical impacts of water-related disasters and hence 
enhance health by lessening peoples’ exposure to physical hazards. Patterns of flow 
emanating from wetlands are significantly modified by hydrological processes that 
occur both within the wetland and through interactions in their catchment (Bullock 
and Acreman 2003). In some instances, wetlands regulate flows: attenuating floods 
and maintaining flow during dry periods and droughts (Box 5). Some coastal wet-
lands (e.g. mangroves and coastal marshes) may act as a form of natural coastal 
defence: reducing erosion, attenuating wave impacts and reducing the height of 
marine storm surges (Box 6). The risks from natural disasters are likely to increase 
in coming decades as a consequence of global and regional changes that include 
increasing storm intensity, accelerating sea level rise and land subsidence (Temmer-
man et al. 2013), as well as changes in land cover.

Wetlands that reduce risks, such as those described above, contribute to human 
well-being and health by saving lives and alleviating the immediate hazards. How-
ever, it should be noted that effects on flow and storm surges are a function not just 
of the presence/absence of a particular wetland, but also of a range of other bio-
physical factors, including topography, climate, soil, vegetation and geology. Con-
sequently, the immediate hazard-reducing functions of wetlands depend to a large 
extent on location-specific characteristics that make it very difficult to generalise. 
Furthermore, many wetland processes are dynamic so that the role wetlands play 

Box 4: Wetland medicines in Lao PDR (Source: Elkington et al. 2009).

In the Bueng Kiat Ngong wetlands, in Lao PDR more than 240 species of 
plants, belonging to 180 genera in 80 families of vascular plants are used by 
traditional healers in medical therapy. Plants used include Tinspora crispa, 
Desmodium lanceolatum, Orthoisphon stamineas and Vitex trifolia. At least 
15 species have not been previously reported for medicinal properties, sug-
gesting that their use maybe unique to Laos.
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may change over time: sometimes mitigating but sometimes enhancing the natural 
processes that cause hazards (e.g. floods). Hence, simple relationships between the 
areal coverage of particular wetland types within a catchment or along a coastline 
and the impact on flood flows/storm surges are generally not found (e.g. McCartney 
et al. 2013).

Box 6: Coastal storm surge reduction by Mangroves

Storm surges caused by tropical cyclones are a major threat to low-lying 
coastal areas. Mangroves are widely perceived to reduce storm surge water 
levels by slowing the flow of water and reducing surface waves. Numerical 
simulations indicate that storm surge reductions range from 5 to 50 cm and 
wave height can be reduced by up to 75 % per kilometre of width of mangrove 
(McIvor et al. 2012). Modelling studies also indicate that the magnitude of 
energy absorbed depends on forest density, diameter of stems and roots, forest 
floor slope, bathymetry and the spectral characteristics (height, period etc.) 
of the incident waves and the tidal stage at which the wave enters the for-
est (Alongi 2008). However, there is very little statistically valid empirical 
evidence that mangroves have significantly reduced the human death toll of 
tsunamis. Studies following the 2004 Indian Ocean tsunami, indicated that 
the areas that suffered less were sheltered from direct exposure to the open 
sea (i.e. bays, lagoons, estuaries) and it was this, rather than the presence of 
absence of mangroves, which was the most significant determinant of damage 
and loss of life (Kerr et al. 2006; Chatenoux and Peduzzi 2007). Thus the role 
of mangroves in tsunami protection should not be overstated (Alongi 2008).

Box 5: River flood attenuation

Floodplain wetlands lying adjacent to river channels have been shown to 
attenuate floods by providing temporary upstream storage for water and reduc-
ing flow velocities. This phenomenon has been widely utilized as a means of 
flood control for many years. For example, controlled flooding of floodplain 
wetlands has long been used as a management strategy to protect the city of 
Lincoln in the UK (Wakelin et  al. 1987) and 3800  ha of floodplain on the 
Charles River in the USA are estimated to save US$ 17 million in avoided 
flood damage each year (US Corps of Engineers 1972). Similarly, the flood 
protection role of the 20,000 ha That Luang wetland in Vientiane, Laos PDR 
has been estimated to be worth US$ 2.8 million per year (Gerrard 2004). Mod-
elling studies on the River Cherwell in the UK comparing the flood reduction 
benefits of increasing the length of embankments or removing them altogether 
have shown that further embanking the river would increase flood flows by 
up to 150 % whilst restoring the floodplain to its pre-engineered configuration 
would reduce peak flow by between 10 and 15 % (Acreman et al. 2003).
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In the long-term, wetlands can provide sustenance and help people survive and 
recover from the impacts of natural disasters. For example, in the aftermath of a 
disaster, when damaged infrastructure and communication networks may make life 
difficult for survivors for long periods of time, the provisioning services of wetlands 
may supply the basic life support needs (e.g. drinking water, firewood, building ma-
terials and food). For example, the wetlands of the Mara River in Tanzania are used 
to grow food and are a major contributor to community coping strategies during 
times of extended drought (McCartney and van Koppen 2004).

Psychological Well-being

Many wetlands contribute to peoples’ well-being directly but in intangible, non-
physical, ways. Although there is little evidence specifically for wetlands, it is 
widely recognized that natural environments can contribute to spiritual enrichment, 
cognitive development and aesthetic experience. The sport and recreational oppor-
tunities provided by wetlands also improve lifestyles in places where livelihoods 
are not necessarily dependent on the wetland itself. All of these, so called “cultural 
services”, contribute to human capital by contributing to psychological well-being 
(Horwitz et al 2012).

Wetland Contributions to Financial Capital

As people move away from a subsistence form of livelihood, financial capital is 
increasingly important (UNDP 2012). The need for money (e.g. to supply every day 
needs and for school fees etc.) often becomes a major driver of livelihood activities 
in wetlands. However, when monetary considerations come to the fore, modes of uti-
lization are no longer influenced solely by the nature of the resources in the wetland: 
other factors, such as access to markets and changing demands in those markets, 
become significant. Furthermore, socio-economic differentiation within communi-
ties leads to substantial disparity in the utilization of the wetlands and the benefits 
derived from them (Box  7). The danger is that a focus on immediate short-term 
financial gain results in practices that are unsustainable in the long-term, ultimately 
undermining the ecosystem services on which livelihoods depend (Box 8).

Box 7: Social differentiation in benefits from the Kilombero Wetland, 
Tanzania (Source: McCartney and van Koppen 2004)

In the Kilombero wetland in Tanzania, people in the villages were traditionally 
fishers. However, in recent years, for a variety of reasons, there has been a sig-
nificant increase in cultivation. The creation of national parks in the vicinity 
of the wetland has increased pressure on the wetland itself because villagers 
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By contributing to household incomes, the ecosystem services of wetlands contrib-
ute to livelihood financial capital in a variety of ways. This includes both the sale 
of wetland products and through other forms of income generation, for example 
wetland tourism (Box 9). There is considerable evidence that higher income is 
linked to better health both through a direct effect on material conditions necessary 
for biological survival (not least the ability to purchase food and health care) and 
through an effect on social participation and opportunity to control life circum-
stances (Marmot 2002).

Box 9: Livelihood benefits of tourism in the Okavango (Source: Mbaiwa 
and Stronza 2010)

Approximately 120,000 tourists visit the Okavango Delta in Botswana each 
year. This makes it one of the primary tourist attractions in southern Africa. 
A recent study of the effects of tourism development on rural livelihoods in 
three villages in the delta found that communities have foregone traditional 

Box 8: Over-exploitation of wild foods in Zambia (Source: Masiyandima 
et al. 2004)

Chikanda, a vegetarian meatloaf made from peanuts and the boiled tubers of 
orchids (genera: Disa, Satyrium, Habenaria, Brachycorythis and Eulophia), 
is a popular delicacy in Zambia and other countries in Southern Africa. At 
Mabumba wetland in Zambia, the harvesting of wild orchid tubers for both 
household diet and for sale is a common practice. Traditionally harvesting 
entailed digging out the whole plant, followed by removal of the tuber and 
replanting the stem to allow the plant to regenerate. However, in recent years 
orchids have been harvested in ever increasing numbers and harvesters tend 
to no longer replant the stems. Consequently, orchid numbers are reported to 
be declining as a consequence of these unsustainable harvesting practices.

access to other areas has been curtailed. At an aggregate level, the contri-
bution of wetland cultivation to total income is 66 % of the approximately 
US$ 518 per household per year. However, this average masks important dif-
ferences across households. Poor households receive 80 % of their average 
annual income (US$ 230) from the wetland compared to 48 and 70 % for the 
intermediate (US$  414) and better-off households (US$  910) respectively. 
Dryland cultivation contributes 25 %, 50 % and 7 % of total income from cul-
tivation to the better-off, intermediate and poor households respectively.
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Wetland Contributions to Physical Capital

In many places wetlands contribute directly to physical capital through the provision 
of materials used for construction of both shelter and tools/instruments essential for 
livelihoods (Box 10). In many communities construction materials used for houses 
(e.g. grass for thatch and wooden poles) as well as agricultural tools (e.g. ploughs, 
axe handles, digging sticks) and household implements (e.g. bowls, baskets, food 
stores and water containers) have traditionally been manufactured from plants and 
other materials (e.g. clay) sourced from wetlands. In some instances clothes have 
been manufactured from wetland products. Thus wetlands can provide many of the 
basic necessities for supporting livelihoods and hence well-being/health.

livelihood activities such as hunting and gathering, fishing, livestock and 
crop farming to participate in cash-based tourism related activities. This has 
included: the collection and sale of grass to safari companies for thatching 
lodges and camps, the production and sale of crafts, especially baskets and 
other wood carvings and beads to passing tourists and employment opportu-
nities in community based natural resource management projects and safari 
companies in the Delta. In addition to individual benefits the communities as 
a whole also benefit from the sale of wildlife quotas (fees for animals hunted) 
and tourism fees (e.g. lodge and campsites). This income is used to fund 
social services and community development projects, including the installa-
tion of piped water to households and improvement of houses for the elderly 
and poor. As a result livelihoods have improved and, although health impacts 
were not evaluated explicitly, many local people reported improvements in 
overall well-being.

Box 10: Wetland contributions to construction materials in Tanzania 
(Source: McCartney and van Koppen 2004)

In the Bahi wetland people from both the Bahi Sokoni and Chali Makulu 
villages collect natural grass (local name nkuruwili or kongoloare) for house 
thatching. From the Bumbwisudi wetland, tree species (local names—mkarati, 
mnazi, mdamdam, mpera, mgulabi, mzambarau and mikarafuu) are used for 
construction materials (i.e., for poles, furniture and thatching) and fuelwood. 
From the Buswahili wetland, women collect the papyrus reeds and use them 
for the manufacture of mats, which they sell for approximately US$ 0.5 each.
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Wetland Contributions to Social Capital

Cultural Heritage

In many place wetland communities have developed customs, rituals and philoso-
phies that are synchronic with and reflective of the natural rhythms of the wetland 
(Box 11). In such instances the wetland may be integral to community perspectives 
of the world, create a sense of place, and are important cultural heritage. Hence, 
wetlands can play an important role in enhancing the social cohesion (i.e. social 
capital) of communities, which turn enhances peoples’ health by contributing to 
overall psychological well-being.

Institutions

Given the importance of the benefits derived from wetlands it would be surpris-
ing not to find institutions and management practices endemic to rural populations 
that utilize them. In the past indigenous practices (e.g. related to land tenure within 
wetlands or fishing rights) depended to a large extent on the ability of communities 
to make and defend management rules. This required effective and credible local 
authorities; typically traditional leaders who often derived authority from their an-
cestors (McCartney and Van Koppen 2004).

In recent decades, there have been radical socio-political transformations 
throughout much of Africa and Asia and many of the traditional institutions govern-
ing wetland use have become less effective. Increasingly institutions formed via 

Box 11: The Lozi people on the Barotse floodplain

The Lozi people in western Zambia celebrate the flooding of the Zambezi 
with the Kuombokav ceremony. The name means “to get out of the water 
onto dry ground”. Every year towards the end of the rainy season the Lozi 
people make a ceremonial move to higher ground. When the Chief decides 
that it’s time to leave (anytime from February to May), all the people pack 
their belongings into canoes and the whole tribe leaves together. The chief 
in his barge with his family and a troop of traditionally dressed paddlers, in 
the lead. It takes about 6 hours to cover the distance between the dry season 
capital Lealui, and the wet season capital Limulunga. There the successful 
move is celebrated with traditional singing and dancing. This ceremony dates 
back more than 300 years when the Lozi people broke away from the great 
Lunda Empire to come and settle in the upper regions of the Zambezi. The 
vast plains with abundant fish was ideal for settlement but the annual floods 
could not be stopped, so every year they move to higher ground until the rainy 
season passes.
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formal government statutes (e.g. village committees etc.) have “officially” taken 
over with varying degrees of success. In many places the reality is that institutions 
are evolving as hybrids of modern and traditional arrangements linked together in 
complex and fluid networks (Cleaver and Frank 2005). Nevertheless, whatever 
form they take, if local people have a role to play in resource management and 
derive benefits from the resources around them, these institutions represent an im-
portant form of social capital, that can contribute to peoples well-being and health 
by: (i) by safeguarding opportunities for the poorest in communities; (ii) ensuring 
more equitable distribution of benefits; (iii) reducing conflict; and (iv) fostering 
sustainability. Under the right circumstances they enhance both conservation and 
rural development thereby contributing to well-being and health. The decentraliza-
tion of resource management to communities has the potential to simultaneously 
promote conservation and development (Blaikie 2006; Mbaiwa 2005; Taylor 2002) 
(Box 12).

Box 12: Establishing institutions to sustainably manage Mekong wetland 
resources (Source: Friend 2007)

Wetland resources are fundamental to the livelihoods and health of many peo-
ple living in the Mekong basin. Ensuring that these resources and the people 
who depend on them are adequately represented in management and deci-
sion-making processes is critical for sustainability. In Vietnam, the Mekong 
Wetlands Biodiversity Conservation and Sustainable use Program (MWBP) 
supported the establishment of Natural Resource Management Groups 
(NRMGs) in the Tram Chim National Park and Lang San Wetlands Reserve. 
Prior to these groups being established the managing authorities viewed local 
people as the main threat to conservation and their principal objective was to 
keep local people from encroaching into the park. This approach aggravated 
conflict between the park authorities and local people and failed to reduce 
pressure on resources. The NRMGs were designed to promote dialogue 
between local people and park authorities with the ultimate aim of enabling 
co-management of the wetland resources. Resource Management Plans were 
developed that permit access to a designated 100-ha area of the park for 
members of registered NRMGs, but also provide specific guidelines on what 
resources can be used. For example, there are restrictions on the species of 
fish that can be caught and the mesh size of fishing nets.

The establishment of the NRMGs has been successful in building trust 
between the park authorities and local people. In other places the MWBP 
encouraged local administrations to recognize conservation zones in season-
ally flooded forests in order to protect plants important for the production of 
traditional medicines. In yet other places, MWBP built on traditional insti-
tutional arrangements designed to conserve fisheries through the establish-
ment of fishery conservation zones to protect fish spawning grounds and 
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Wetlands and Poverty

Poverty is, like livelihoods, a complex, multi-faceted phenomenon. One simple 
definition is “pronounced deprivation of well-being” (World Bank 2001a). Poor 
health is a common consequence of poverty and health is very often a key prior-
ity for poor people. For many, paying to treat health problems or losing household 
labour due to poor health (or the need to look after a sickly family member) can 
significantly undermine livelihood strategies and push households deeper into pov-
erty. Therefore, improving nutrition and health can significantly improve livelihood 
productivity and reduce poverty.

For communities dependent on wetland resources, the ways in which ecosystem 
services integrate with other livelihood capitals are important in influencing pov-
erty. Degradation or loss of wetland functionality often reduces the availability of 
food and other important services that support livelihoods. Consequently, wetland 
degradation and high levels of poverty often go hand-in-hand.

In a review of seven wetland case studies in Africa and Asia, the links between 
wetland degradation and poverty were clear (Senaratna Sellamuttu et  al. 2008). 
However, whether poverty was a driver of wetland degradation or its result varied 
from case to case (Box 13). What is clear is that once wetland degradation began, a 
vicious spiral set in with one problem making the other worse with ever-deepening 
environmental degradation and poverty (Senaratna Sellamuttu et al. 2008). Modify-
ing the ecological character of a wetland—deliberately or otherwise—can have a 
significant impact on livelihoods and poverty (Box 14).

Box 13: Wetland degradation and poverty linkages (Source: Senaratna 
Sellamuttu et al. 2008).

Poverty as a driver of wetland degradation
Lake Fundudzi which covers 144 ha is South Africa’s only inland freshwa-

ter lake. Dependence on the wetland is high as the area’s primary productive 
resource. The lake’s fisheries are the main source of protein for the majority 
of households and its water is used to support livestock. In an attempt to 
improve food security, a large number of new commercial and smallholder 

the banning of destructive fishing practices. In many cases traditional man-
agement practices made special allowance for poorer households enabling 
them to use fishing gear for subsistence purposes that is otherwise banned 
and allowing to them to fish from community resources that are otherwise 
reserved for times of crisis (such as a death in the community) or a commu-
nity celebration (such as a wedding).
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fruit orchards and vegetable gardens were established in the catchment and 
cultivated both in winter and summer. Poor land use planning resulting from 
fragmented institutions and poor awareness meant the clearing of natural veg-
etation for cultivation, and housing was haphazard and began to drive exces-
sive lake sedimentation. This was exacerbated by cultivation on steep slopes 
without measures for soil-erosion control. Promoting participatory wetland 
rehabilitation and land use planning for sustainable land use to bolster local 
incomes thus became a priority.

Poverty as a result of wetland degradation
The Hadejia-Nguru wetlands constitute an inland delta in northern Nigeria, 

located where the Hadejia and Jamaare rivers meet in the Komodugu-Yobe 
Basin. The basin supports a population of 18 million, 1.5 million of whom 
reside within the wetland. The predominance of farming, fishing, livestock-
rearing and collection of wild resources indicate a high dependence on the rich 
wetland ecosystems. Since 1971, a series of dams have been constructed on 
the main tributaries to provide water for cereal irrigation. Although the yields 
from intensive irrigation schemes are higher per hectare than from floodplain 
agriculture, the total value of wetland benefits exceeds that from the irriga-
tion: US$ 167 ha−1 from the wetland compared to US$ 29 ha−1 from irrigated 
agriculture. Since the construction of the dams and irrigation schemes, drastic 
changes have occurred in the wetland. The flood extent has declined from 
2000 to 413 km2. Dam design and operation have altered both the volume and 
timing of water flow in the basin, subjecting some parts to prolonged flood-
ing and others to prolonged drought. The resulting wetland degradation has 
undermined many key livelihoods and restricted access to infrastructure and 
services such as credit and markets. Livelihood failures severely aggravated 
poverty and resulted in abandoned villages and further ecological degradation 
as people exploited other natural resources to cope with the loss of primary 
production systems.

Box 14: Kolleru Lake—changes in ecological character affect livelihoods 
and poverty ( Source: Senaratna Sellamuttu et al. 2012)

Kolleru Lake in Andhra Pradesh is one of the largest freshwater lakes in 
Asia. As well as being a vital habitat for birds (189 bird species have been 
recorded), it has a long history of human use and conflict. Recent changes to 
the use of the lake demonstrate the challenges of establishing and maintaining 
wise use of the wetland amongst many competing demands.

During the 1990s, the Indian Government promoted intensive food pro-
duction– mostly rice and aquaculture—in the lake, which had previously been 
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The sustainable livelihoods approach provides a holistic framework for analyzing 
the objectives, scope and priorities of progress towards poverty elimination and 
avoids focus on individual aspects of poverty. The ecosystem services concept pro-
vides a complementary perspective that illustrates the multiple and interconnected 
benefits which wetlands provide. Livelihood systems interact with wetlands across 
a range of spatial and temporal scales, often shaping and modifying ecosystem 
services. Clearly, strategies for poverty alleviation should be cognisant of wetland 
ecosystem services and the role they play in the livelihoods of the poor. However, 

used for traditional capture fisheries and as source of drinking and domestic 
water. The change was partly a response to food shortages in the region, but 
also to realize the wetland’s economic potential through selling fish to other 
parts of India, such as Calcutta. However, much of the aquaculture was taken 
over by outside business interests, meaning that there was creation of some 
local employment but only a small proportion of the total income generated 
benefitted local people.

The intensive aquaculture also caused several problems. The nets and fish-
ing traps set on the lake blocked the entrance to it. Kolleru Lake acts as a 
sink for storm water, and this obstruction led to serious flooding in farms 
surrounding the wetland. Water quality in the lake also deteriorated rapidly 
as consequence of pollutants from the aquaculture as well as effluents flow-
ing into it from the intensive rice farming, in conjunction with domestic and 
industrial sewage, essentially eliminating the local communities’ access to 
safe drinking water. The water, sediment and fish from the lake became con-
taminated with pesticides, polycyclic aromatic hydrocarbons and heavy met-
als (Amarani et al. 2004). Local people were compelled to purchase drinking 
water from traders due to the inability to use the water from the lake for 
drinking purposes

At the same time, conservation groups were lobbying for Kolleru Lake to 
be designated a wildlife sanctuary to protect its resident and migratory bird 
populations. After a series of legal challenges, both in favour of the desig-
nation and objections by users of the lake, part of the lake was established 
as a sanctuary in 1999. Local communities lost access to traditional lands 
through the establishment of the protected area, over which the government 
assumed ownership. Despite this protection, encroachment by users of the 
wetland resulted in continued degradation of the ecosystem, and declining 
bird populations. In 2005, following further legal challenges from both sides, 
the aquaculture ponds were cleared from the protected area. This affected 
the livelihoods of local communities, many of whom were extremely poor. 
Destruction of the aquaculture ponds reduced the occurrence of flooding but 
compensation for the loss of aquaculture was slow to arrive and limited. The 
government provided little support for new livelihoods and so many people 
remain entrenched in poverty.
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as discussed in the introduction to this chapter, not all drivers and constituents of 
poverty are addressed by simple provision of wetland ecosystem services. A wide 
range of options need to be considered to lift people out of poverty (Ramsar, Reso-
lution XI.13 (2012).

Conclusion

Throughout much of the developing world near-natural wetlands represent a sig-
nificant proportion of the landscape and continue to be places where many people 
live and derive their livelihoods. Hence, wetlands provide the settings for the liveli-
hoods and health of these people. However, because wetlands are diverse, dynamic 
and multi-functional environments the way in which they interact with peoples’ 
livelihoods, and hence influence their health, are intricate and complex. As the ex-
amples in this chapter have illustrated, the extent of livelihood dependence on wet-
lands and hence the demands on wetland ecosystem services are highly site specific 
and influenced by a myriad of biophysical, social, economic and cultural factors.

For many people, wetlands are the basis of food security and nutrition, drinking 
water and many other tangible and intangible benefits that impact their health. Some 
health benefits are derived directly from wetlands (e.g. medicinal plants) but, in 
common with all forms of natural capital, many others are only enabled by switch-
ing the natural capital afforded by wetlands to other forms of livelihood capital. 
However, wetlands do not exist to benefit people and some functions of wetlands 
(e.g. providing breeding habitat for mosquitoes that transmit malaria and snails that 
transmit schistosomiasis) can harm health and livelihoods. From a human perspec-
tive the “efficacy” of services varies considerably between wetland types, within 
a single wetland type and even, spatially and temporally, within a single wetland.

It is now widely recognised that economic development is necessary but not suf-
ficient for poverty reduction. There is the risk that by degrading and undermining 
the productivity and sustainability of wetlands, strategies intended to increase eco-
nomic benefits can in fact undermine the natural capital on which the poorest and 
most vulnerable depend. Support to livelihoods is not necessarily directly congru-
ent with conservation objectives but there can be significant livelihood and health 
implications of getting the balance between conservation and development wrong.
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Abstract  Much discussion relating to interactions between wetlands and people 
has focused on detrimental effects on health through wetland degradation and poten-
tially toxic exposures. In recent years, however, there is greater recognition of the 
role wetlands play in improving the quality of human surroundings and providing 
cultural ecosystem services as aesthetically pleasing places for recreation, education 
and spiritual development. This chapter explores positive health benefits associated 
with the use and enhancement of urban wetlands. Potential benefits include improved 
physical and psychological health, increased community connection and sense of 
place, and those derived from community involvement in urban conservation.

To illustrate how various human health benefits may be recorded and reported, 
this chapter includes a case study that explores the community benefits generated 
through use of the Swan Canning Riverpark in Perth, Western Australia. The Riv-
erpark consists of more than 150 conservation reserves and recreation parklands 
located along the banks of the Swan and Canning Rivers—a metropolitan river 
system that holds great spiritual, cultural and social value for the people of Perth. 
In 2010, the Swan River Trust began a process of parkland assessment and survey 
to monitor, evaluate and report on the level of community benefit derived through 
use of this system.

Keywords  Cultural ecosystem services · Ecosystem health · Community bene-
fit · Community engagement · Community values · Recreation · Sense of place · 
Conservation · Visitor impacts · Useability

Introduction—Wetlands as Healthy Places

The links between urban green spaces and human health benefits are much studied 
and reported (Maller et al. 2008). Urban parks and open spaces are important sites 
for physical activity, relaxation and social interaction and proximity to good quality 
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green space is a significant factor in predicting better self-reported health (Carter 
2009; Pereira et al. 2013; Francis et al. 2012). However, the same level of attention 
has not been paid to the positive benefits associated with urban blue spaces (riv-
ers, lakes, streams and ponds) often found as major natural features within cities 
or within their parklands and open spaces. Benefits associated with wetlands are 
often taken granted (Horwitz and Finlayson 2011) with little consideration given to 
the unique qualities of water and potentially positive effects on human health and 
well-being.

Increasing urbanisation is resulting in loss of wetlands at a rate greater than any 
other type of ecosystem (Ramsar Convention on Wetlands 2012). A resolution ad-
opted by Ramsar in 2012 includes several statements that support more sustainable 
approaches to wetland management. These include the need to protect natural re-
sources that sustain urban areas, recognition that access to urban green (blue) spaces 
can make a positive contribution to physical and mental health, and recognition 
that urban populations offer significant opportunity for community participation in 
wetland management and restoration in their local environment (Ramsar Conven-
tion on Wetlands 2012). Where development along rivers and around wetlands is in-
creasing (such as the residential apartments along the Swan River shown in Fig. 1), 
potential health benefits for local residents can be optimised through opportunities 
to become involved in wetland care and restoration.

Fig. 1   Inner city apartment buildings overlooking wetlands and waterbird habitat along the oppo-
site bank of the Swan River. (Image: M. Carter)
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Landscape Appearance and Preference

It is often assumed that wetland ecosystems that attract visitors need to be healthy. 
To some extent this is true—a wetland landscape with swampy, smelly, turbid water 
may not attract high levels of visitation or be highly valued by a community. How-
ever, beauty is in the eye of the beholder and even a degraded wetland landscape 
may appear attractive and be valued by local communities (Manuel 2003).

Places with views of rivers and lakes are often cited as preferred environmental 
settings and are extremely popular visitor destinations as people seek landscapes 
and outdoor places that provide opportunities for enjoyable physical activity, re-
laxation and restoration, social interaction, cultural connection and spiritual enrich-
ment, contact with nature, and escape from busy urban environments (Ibrahim and 
Cordes 2008; Pigram 2006). A recent study of parkland attributes and links to im-
proved mental health found that water features, birdlife and walking paths were 
associated with positive perceptions of parkland quality (Francis et al. 2012).

Visitor experience of wetlands is influenced by the quality of sensory and emo-
tive responses with the sights, smells, sounds and feel of the landscape all play-
ing a part (Pigram 2006). The presence of wildlife can positively or negatively 
influence visitor experience, depending on whether resident wildlife is seen as at-
tractive (birds, small mammals) or problematic (mosquitoes) (Horwitz and Carter 
2011). Degradation of shoreline vegetation and erosion or changes to water quantity 
and quality may make water bodies more difficult to access and less appealing. At 
another level, changes to water quantity and quality may impede participation in 
recreational activity, particularly water-based activities such as boating, canoeing, 
water-skiing or swimming (Hadwen et al. 2008b).

Landscape appearance is an important factor in how wetlands are used and val-
ued. Many authors have attempted to explain human responses to nature. Some con-
sider that, in western countries, the general public have strong “nature-friendliness” 
and recognise the intrinsic value of retaining natural environments (van den Born 
et al. 2001). The biophilia and biophobia hypotheses (Wilson 1984, 1993; Kellert 
and Wilson 1993) suggest that people have an innately emotional affiliation to other 
living organisms (biophilia) and an evolutionary aversion to dangerous aspects of 
nature such as snakes and spiders (biophobia). Further to this, emotional spectra as-
sociated with nature and natural environments moves “from attraction to aversion, 
from awe to indifference, from peacefulness to fear-driven anxiety” (Wilson 1993) 
with responses influenced by culture and experience. The idea that evolution plays a 
role in human response to nature expands into landscape preference. It is suggested 
that people universally prefer open savannah-like landscapes with views of water, 
with links between preference for this type of landscape and evolutionary responses 
to environments that safeguard survival, either through provision of food and water 
or protection from predators. In modern times, these landscapes are simply seen 
as attractive and calming, promoting positive aesthetic responses and restorative 
health benefits (Ulrich 1986, 1993).
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In general, preference is given to open waterscapes with edges that follow a natu-
ral form, and with trees and other edge vegetation as these environments are found 
to be appealing, restful and enjoyable (Kaplan et al. 1998). This observation is sup-
ported by the findings of a community consultation process undertaken to identify 
values associated with Perth’s Swan and Canning rivers (Research Solutions 2007). 
In that study, community members preferred a mix of landscape types, with stronger 
preference for retention of more natural landscapes and vegetated shore lines. Pre-
ferred recreation sites were quiet natural places with few facilities.

Sites with waterscapes are often identified as favoured or favourite places. In 
numerous studies relating to identification of favourite places, participants almost 
invariably nominated a natural setting (Korpela et al. 2008). Visitors to favourite 
places report experiencing restorative benefits including relaxation, stress relief, 
regulation of emotions and feelings and reflection on personal goals (Hartig et al. 
2003; Korpela and Hartig 1996; Korpela et al. 2008). It is suggested that promot-
ing psychologically restorative experiences in nearby favourite places might be an 
important factor in primary healthcare (Korpela et al. 2008).

Visitor Impacts

With increased visitation come concerns about the impacts of use and the overuse 
of natural environments. These concerns tend to focus on two main areas: biophysi-
cal impacts such as water pollution, site deterioration, erosion, changes in ecologi-
cal characteristics, and species disruption, and psycho-social impacts like crowding 
and recreation quality (Hadwen et al. 2008a, b). Overuse of popular areas produces 
concomitant impacts that result in the loss of supporting, provisioning, or regulating 
ecosystem services, and the cultural ecosystem services associated with visitation 
for pleasure may in time become substantially reduced.

Interventions to manage visitor impacts, such as controlling access or harden-
ing water edges to reduce erosion and mitigate ecosystem degradation may also 
reduce (or improve) the attractiveness of particular destinations. For some visitors, 
evidence of ecological damage and human intervention through built environment 
changes may substantially reduce the experience they seek. For others, installa-
tion of visitor services and amenities may well contribute to heightened experience 
through ease of access or perceptions of lower risk (Pigram 2006).

While preference for safe, visually pleasing land and waterscapes that attract 
people is understandable, it may also be problematic. Making nature neat and tidy 
with natural features “arranged for human enjoyment” may be considered culturally 
appropriate and the “aesthetic of care” laden with good intentions of stewardship 
and community pride (Nassauer 2008). Such actions, however, may cause unin-
tended harm through habitat destruction or use of herbicides and potentially “create 
the antithesis of ecological health”. Nassauer further voices her concern that the 
“picturesque has been so successful in becoming popular culture that scenic land-
scapes are often assumed to be ecologically healthy” (Nassauer 2008).
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As the need to balance wetland ecology and visitor use receives greater attention 
from those involved in wetland management and from those communities who use 
wetland systems, how to identify and integrate community benefits into conserva-
tion management practice presents some significant challenges (McInnes 2013). In 
the study of community values mentioned earlier (Research Solutions 2007), retain-
ing the ecological values of the Swan and Canning rivers, most particularly protect-
ing and enhancing water quality, was considered to be of paramount importance. 
Maintaining a healthy ecosystem that supported local biodiversity and recreational 
pursuits such as fishing and swimming received the highest community priority. 
How these values are being translated into management practice is discussed in the 
case study presented later in this chapter.

Cultural Ecosystem Services and Human Health

To achieve sustainable health, the complex links between population health and the 
health of urban ecosystems need to be considered (Verrinder 2007; Neller 2000). 
The Millennium Ecosystem Assessment (MEA) examined how changes in ecosys-
tem services influence human health and established actions needed “to enhance the 
conservation and sustainable use of ecosystems and their contributions to human 
well-being” (MEA 2005). Within the MEA, six types of cultural services provided 
by ecosystems were identified: cultural diversity and identity; cultural landscapes 
and heritage values; spiritual services; inspiration (such as for arts and folklore); 
and recreation and tourism (MEA 2005).

A study involving assessment of 29 urban wetland case studies conducted in 24 
countries world-wide examined awareness of planned and serendipitous (planned 
plus incidental) ecosystem services relating to each site (McInnes 2013). The 
most commonly planned cultural ecosystem services included opportunities for 
educational activities, picnics and outings, nature observation and tourism, knowl-
edge and research activities, and appreciation of aesthetic and sense of place val-
ues. The frequency of serendipitous ecosystem services was higher at all sites— 
particularly activities relating to recreational hunting and fishing, water sports and 
activities, inspiration, aesthetics and sense of place values, and long term monitor-
ing of the site (Table 1). It was concluded that with a greater number of planned 
ecosystem services within each site, a greater number of serendipitous activities 
occurred, with larger, resilient, diverse ecosystems more able to provide a range of 
services (McInnes 2013) and return more potential health benefits to urban com-
munities.

Horwitz and Finlayson (2011) identified a range of health determinants that ex-
ist in wetland settings. Of most relevance here are wetlands as “settings for mental 
health and psychological well-being” and “places that enrich people’s lives, enable 
them to cope, and allow them to help others”. Wetlands as settings for physical 
activity can also be added to this list of health determinants. River promenades 
and paths along lake edges are popular places for walking and cycling (Volker and 
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Kistemann 2013), providing opportunity for individuals to enhance both physical 
health and psychological well-being.

An important link in the relationship between natural environments and self-
reported levels of physical and mental health and well-being is the perceived qual-
ity, diversity and capacity of those environments to be used for relaxation, social 
interaction and physical activity (Carter 2009). Several factors associated with pre-
dicting higher levels of wetland visitation and recreational use were identified by 
Syme et al. (2001). These factors include:

•	 Accessibility is essential if a wetland environment is to be used for visitation and 
if people are to attach meaning to that place.

•	 Ownership can be symbolic or real and greater feelings of ownership can result 
in more frequent use.

•	 Participation includes the involvement of users in maintenance and future plan-
ning as those who assist in managing a place are more likely to use it.

•	 Comfort refers to how well the space around a wetland meets basic human needs 
such as shelter and how pleasant an environment it is to visit.

•	 Security is a prerequisite as people who feel safe and secure in an environment 
are more likely to visit more often.

•	 Action involves one’s ability to use a wetland environment for a variety of pre-
ferred activities.

Cultural ecosystem service Planned Serendipitous
Recreation and tourism
Recreational hunting and fishing 59 83
Water sports and activities 42 62
Picnics, outings, touring 83 90
Nature observation and nature-based 
tourism

72 73

Spiritual and inspirational
Inspiration 42 79
Cultural heritage 42 45
Contemporary cultural significance 45 52
Spiritual and religious values 21 24
Aesthetic and ‘sense of place’ values 62 97
Scientific and educational
Educational activities and 
opportunities

90 100

Important knowledge systems, and 
importance for research

72 83

Long-term monitoring site 55 76
Major scientific study site 31 38
‘Type location’ for a taxon 10 14

Table 1   A comparison of 
frequency of occurrence  
(% of 29 sites) of planned 
and serendipitous cultural 
ecosystem services at case 
study sites. (Adapted from 
McInnes 2013)
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The role that urban wetlands can play in promoting better health outcomes are dis-
cussed in more detail in each of the following sections. Three aspects of wetland use 
and potential health benefits are highlighted:

•	 Places for recreation and social activity;
•	 Engendering a sense of place and cultural connection; and
•	 Engaging people in conservation activities.

Places for Recreation and Social Activity

Water-based recreation has both aesthetic and functional appeal with a distinc-
tion made between water-dependent activities such as sailing, fishing, swimming 
or water skiing and water-enhanced activities where the experience of walking or 
picnicking may be heightened by views of water (Fig. 2). Involvement in water-
based outdoor recreation activities can provide substantial personal satisfaction and 
enjoyment (Curtis 2003; Pigram 2006).

It could be assumed that these satisfying and enjoyable experiences are more 
likely to found in more naturalistic settings than in much urbanised environments. 
This is not necessarily the case. A German study of use of Rhine river promenades 

Fig. 2   A place to relax, picnic and play in riverside parkland with views across the water to Perth 
city. (Image: M. Carter)
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in Cologne and Dusseldorf explored the health and well-being impacts associated 
with these urban blue spaces (Volker and Kistemann 2013). These river promenades 
are much developed with constructed river walls, jetties and wharves, commercial 
areas with shops and cafés, linear parklands and open plazas. The view of the river 
with its expanse of open water and parkland vegetation are often the only natu-
ral features visible. In terms of recreational use, users reported that these spaces 
were “lively, vital and versatile” and they experienced a “sense of freedom”. The 
river edges were also considered to be a “favoured meeting point” that enhanced 
“communication between people” and created a happy atmosphere where diverse 
people and social groups were brought together. Perhaps most importantly, the 
river provided activity spaces for passive recreation—watching others, spending 
time in cafés, picnicking and generally relaxing—and more active pursuits such 
as rowing, canoeing, kayaking, sailing, walking, jogging and cycling. Many us-
ers considered these activities to contribute to a general sense of well-being and  
happiness.

Engendering a Sense of Place and Cultural Connection

All urban settings, whether built or natural, contribute to sense of place, with in-
dividuals’ perceptions of quality and connections to local landscapes influencing 
potential health outcomes (Frumkin 2003). Positive relationships between people 
and place have the potential to produce positive physiological, psychological, so-
cial, spiritual and aesthetic effects (DeMiglio and Williams 2008) and for many 
people, the presence of nature plays an important role in “place-fixing” and place 
attachment (Beatley 2004). Conversely, negative perceptions of natural places, par-
ticularly feelings associated with apprehension and fear lower the appeal of particu-
lar areas, reduce visitation and restrict the range and type of activities undertaken 
(Bixler and Floyd 1997).

In the same vein, perceptions of neighbourhood quality can significantly influ-
ence self-reported health (Bowling et al. 2006; Collins et al. 2009). Manuel (2003) 
explored community perceptions of small neighbourhood wetlands in Nova Scotia. 
Despite relatively low levels of use (only approximately half the 82 people inter-
viewed in this study described using the nearby wetlands for recreational purpos-
es such as skating, catching frogs, hanging out or simply enjoying nature), these 
spaces were highly valued as part of the neighbourhood. In particular, having open 
space, a peaceful environment and a place for wildlife was well regarded by study 
participants.

From a different perspective, indigenous connections to wetlands can play a sub-
stantial role in supporting cultural identity and spiritual connections. A study of 
cultural values held by Nganguraku (indigenous) people in relation to the Murray 
River in south-eastern Australia (Mooney and Poh-Ling 2012) found strong con-
nections to cultural identity through links to ancestors and traditional practice. In 
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addition, the river was a place for recreation and restoration—providing freedom 
and escape—factors that were seen to be strongly related to better health and well-
being.

The importance of cultural connection to wetlands is also articulated by the 
Noongar (indigenous) people of south-western Australia through their relationship 
with the Swan River and its waterways. At a women’s meeting held as part of col-
laborative management of a river trails project, one elder said:

The history of the whole Swan River, the history of any waterway, any river or any water-
way that comes under Noongar country is matriarch country and it’s always been that 
way—and the waterway has always been a symbol of women and women’s birth, and that 
in itself has to be highlighted as our spiritual connection to the Swan River. And that doesn’t 
only mean the Swan River that means the whole waterways. (South West Aboriginal Land 
and Sea Council 2011)

Involvement in the management of the Swan River waterways is an important as-
pect of Noongar heritage protection and caring for country. It is essential in main-
taining a strong sense of place within a rapidly changing urban landscape where the 
river (and many sites along it) holds spiritual and cultural significance (South West 
Aboriginal Land and Sea Council 2011).

Engaging People in Conservation Activities

Apart from physical and psychological health benefits associated with use of open 
spaces (Bedimo-Rung et al. 2005; Giles-Corti et al. 2005; Sugiyama et al. 2008), 
visiting wetlands and parklands can engender feelings of attachment and affective 
(emotional) connection, which in turn, can influence positive attitudes to natural 
environments (Carter 2009; Dutcher et al. 2007; Williams and Patterson 2008). In 
addition, building social capital through civic engagement can contribute to better 
mental health and feelings of general health and well-being (Wood and Giles-Corti 
2008).

Encouraging people to regularly visit and become actively involved in caring for 
local nature reserves and parklands can play an important role in health promotion 
and preventive health strategies. While there is little direct evaluation of the benefits 
of involvement in wetland conservation activities, one Australian study of people 
involved in a local bushland conservation project (Moore et al. 2006) found that 
participants reported better general health, fewer medical visits, greater satisfaction 
with daily activities and a stronger sense of community belonging. Evaluation of 
two Chicago-based prairie conservation programs (Miles et al. 1998; Miles et al. 
2000) found being physically active was only one of many benefits associated with 
involvement. More important benefits reported by participants included spending 
time in nature, taking part in something meaningful, working with others, and the 
satisfaction of knowing they were making a positive contribution to preserving lo-
cal environments.
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The Swan Canning Riverpark: River Health  
and Community Benefits

The Swan Canning Riverpark is located in Perth, Western Australia and comprises 
more than 150 public foreshore reserves, with numerous associated areas of bush-
land, marshlands, creeks and streams all contributing to the Swan and Canning 
rivers system. It is jointly managed by the Swan River Trust (the Trust) and various 
state and local government agencies responsible for each area of parkland and open 
space along the rivers’ banks. The River Protection Strategy for the Swan Canning 
Riverpark, drafted in conjunction with numerous organisations, agencies and com-
munity members, will guide how the river system is collaboratively managed (Swan 
River Trust 2012). The River Protection Strategy outlines a comprehensive moni-
toring, evaluation and reporting process and it is this process and its approach to 
assessing community benefit that is the focus of this case study. At the time of 
writing, the Swan River Trust was undergoing a process of amalgamation with the 
state Department of Parks and Wildlife and the final strategy was not yet approved.

The Swan Canning Riverpark

The Swan Canning Riverpark was created by the Swan and Canning Rivers  
Management Act 2006 (SCRMA). This legislation recognised the importance of the 
rivers as a Perth icon, with the Riverpark considered to be an important natural asset 
and a community resource shared by local residents and visitors alike.

Despite being highly regarded by the community, historical and current uses of 
the Riverpark and its catchment are affecting the qualities most valued. The river 
system winds its way through a highly urbanised catchment and is showing signs of 
continuing environmental stress, including seasonal algal blooms and diminished 
water quality in some areas, fish kills, severe erosion and loss of riparian vegetation 
(Swan River Trust not dated a). Apart from ecological concerns, these environmen-
tal conditions can directly affect the way in which the river can be used. With an 
expanding urban population, there is growing pressure for increased access and op-
portunities for many different types of recreational use—from nature-based pursuits 
such as bird watching, to fishing, swimming, walking or cycling along river edges, 
to water-based sport such as paddling and rowing, to river cruising, water-skiing, 
speed boating and use of other forms of motorised watercraft (Swan River Trust 
2012).

While demand for river-based recreational facilities continues to grow, the local 
community is also increasingly aware of the physical and mental health and well-
being benefits associated with access to high-quality natural areas such as those 
found within the Riverpark. There is also increasing recognition of the need to pro-
tect historical and significant Aboriginal cultural sites within the Riverpark. To en-
sure high levels of public involvement in Riverpark protection, the Trust supports 
a variety of community activities including membership of the River Guardians, 
a network of some 1500 individuals involved in conservation, rehabilitation and  
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wildlife observation projects (Swan River Trust not dated b). There are more than 
40 community groups involved in conservation and restoration sites within the Riv-
erpark itself. In addition, there are more than 200 community groups involved in 
catchment care, bushland and wetland conservation and restoration of sites within 
the broader Swan Canning catchment. In line with the Ramsar principles for plan-
ning and management of urban wetlands (Ramsar Convention on Wetlands 2012), 
finding a balance between the demand for increased urban development, recreation-
al access and retention of the natural character of the river system is a collaborative 
effort between Riverpark land managers, associated government and non-govern-
ment agencies and the Perth community (Swan River Trust 2012). The Bickley 
Brook Floodplain Restoration project is an example of collaboration between fed-
eral, state and local government agencies, a regional urban landcare council and a 
local community group (Fig. 3).

Assessment of Ecological Health and Community Benefit

Prior to 2006, the Swan River Trust had primarily operated as a statutory plan-
ning and environmental monitoring agency. There were long standing processes 
for measuring water quality and other ecological indicators and associated targets 

Fig. 3   Sign for collaborative urban waterways renewal project at confluence of Bickley Brook 
and Canning River. (Image: M. Carter)
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were reported annually. However, the Trust did not have an established monitoring 
and reporting program for the range of ecological, community benefit and amenity 
values, required to be implemented following enactment of the SCRMA in 2007. As 
part of adaption to the new Act, the Trust began to develop a ‘State of the Rivers’ 
monitoring and reporting framework. This involved setting new targets, indicators 
and monitoring programs to reflect expanded responsibilities that included evalua-
tion of community values, as well as the river ecology (Carter 2010).

A community survey conducted for the Trust found the Swan and Canning riv-
ers were greatly valued for ecological purposes and for community use, as well as 
for values related to history, culture and spirituality (Research Solutions 2007). In 
particular, the community considered the Riverpark to be an iconic asset and a key 
feature of Perth’s recreational, social and cultural landscape. It was also reported 
that the community wished to retain maximum levels of public access to the fore-
shore, participate in recreational opportunities provided by the Riverpark, and to 
pass on a healthy Riverpark to their children and grandchildren to use and enjoy. In 
order to achieve this, however, the ecological integrity of the Riverpark, particularly 
water quality, was identified as a key aspect of Riverpark management (Research 
Solutions 2007).

These findings were translated into a set of Community Values (Fig. 4) that form 
the basis of the monitoring and reporting framework. The four value sets are: eco-
system health; sense of place; community benefit; and economic benefit. Ecosys-
tem health was identified as the foundation on which all of the other values are built 
and most important to protect. Within each value set, aspects that were seen to hold 
greatest importance in protecting and enhancing river ecology, community benefit 
and amenity were identified.

The River Protection Strategy (Swan River Trust 2012), describes each value set 
and important aspects as follows:

•	 ECOSYSTEM HEALTH: Ecosystem health is the fundamental ecological integ-
rity that allows the Riverpark to function as a natural system. Ecosystem health 
is the most important value to protect. Without a healthy ecosystem, all of the 
other values will decline, so its protection is paramount. Ecosystem health in-
cludes protecting water quality, environmental flow, biodiversity and foreshore 
condition, on which the other values depend. Aspects such as the ecological and 
visual quality of the broader catchment, riverbanks and foreshore vegetation 
must also be considered.

•	 SENSE OF PLACE: Sense of place is the condition of people feeling content, 
healthy and safe, as a result of the rivers simply existing; offering quiet, natural 
spaces. Sense of place includes the connection people have with the rivers, re-
lated to their beliefs, traditions, memories and commitment to looking after it. 
Sense of place means different things to different people and can be the impor-
tance of a natural area for simply existing and people knowing it is there, wheth-
er they use the area or not. Therefore, protecting this value encompasses many 
things and extends across a broad range of people, from inside and outside of the 
locality, and includes people who don’t actually use the Riverpark. Protecting 
sense of place values also involves protecting historical sites and knowledge as 
well as providing opportunities to practice cultural activities.
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•	 COMMUNITY BENEFIT: Community benefit includes the enjoyment and com-
fort brought about by providing opportunities and facilities for a broad range of 
activities. The community benefit value incorporates the community use of the 
Riverpark, including aesthetics, and providing public facilities (land and water 
based), providing activities and events, as well as maintaining public access and 
safety.

•	 ECONOMIC BENEFIT: Economic benefit is the additional financial benefit of 
commercial and residential development and tourism opportunities gained by 
their proximity to the Riverpark. The Riverpark is central to the economic well-
being and lifestyle of Perth’s community and underpins business opportunities 
associated with tourism and recreational industries.

The Swan Canning Riverpark contains numerous sites where integration of these 
values are evident: from boat launching points designed to minimise damage to 
foreshore vegetation (Fig. 5) to parklands that provide opportunities for nature dis-
covery, recreation and relaxation, and participation in community events.

Ecosystem health Sense of place Community bene�t Economic bene�t

Water quality Custodianship Aesthetic and 
amenity values

Commercial 
and residential 
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Environmental 
�ow

Cultural
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Biodiversity
Cultural 
history
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Fig. 4   Community values defined within the river protection strategy. (Source: Swan River Trust 
2012)
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Useability Index for the Swan Canning Riverpark

As stated earlier, the Trust had much experience in monitoring and reporting on eco-
logical values associated with the river system. There was less knowledge, however, 
about how best to capture data that could be used to monitor and report on values 
associated with sense of place and community benefit. Initial review of available 
assessment models identified that most park management agencies measured only 
visitor satisfaction with facilities and services provided (Crilley et  al. 2010), or 
simply assessed the number and purpose of visits with data most often collect-
ed through on-site surveys or observation (Ash et al. 2010; Parkin and McAlister 
2010). Emerging research indicated that the personal benefits attainted by visitors to 
a particular site (through recreational activity or contact with nature) were stronger 
predictors of satisfaction and positive response than the presence of infrastructure 
(such a pathways, toilets or car parking) or service quality (Crilley et al. 2010).

Further review of available literature suggested that rather than focusing on fa-
cilities, parks managers needed to understand and better assess potential benefits, 
particularly those associated with visitation setting and desired activity, and how 
settings might positively influence benefits attained through recreational, educa-
tional, spiritual or cultural activity. With this in mind, it was recognised by Trust 
staff that simply conducting visitor satisfaction surveys or collecting user informa-
tion would not provide the type or quality of data required to assess whether key as-
pects associated with sense of place and community benefit were being addressed. 

Fig. 5   Local boat launching site in the upper reaches of the Swan River with designated access 
points to protect foreshore vegetation. (Image: M. Carter)
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While visitor satisfaction surveys were useful in collecting specific data, a new set 
of indicators that could assess relevant community values was required.

At that time, a recently completed PhD study conducted in Perth (Carter 2009) 
had explored peoples’ attitudes to natural areas and their perceptions of the quality 
and of green spaces in and around their neighbourhood. In this study, public green 
spaces included bushland, wetland and lake systems, greenways, parkland, sports 
ovals and playgrounds. Three key elements—diversity, useability and value—were 
found to be most influential in determining whether people felt that nearby green 
spaces made a positive contribution to their health and well-being.

Integration of quantitative and qualitative data collected in this study enabled 
several universal elements of “useable” green spaces to be identified. No matter the 
specific setting, useable green spaces needed to:

•	 be in good condition and look cared for;
•	 be accessible;
•	 be welcoming with clear paths and access points;
•	 include places where people could relax;
•	 include places where people could meet others;
•	 feel safe and comfortable;
•	 meet needs of multiple users; and
•	 be valued as part of the surrounding area.

It was decided to adapt these, and other key aspects associated with community 
values, to develop an index that could be used to assess the capacity of the various 
parkland settings within the Riverpark to contribute to community health and well-
being. The final structure of the Useability Index for the Swan Canning Riverpark is 
illustrated in Fig. 6. Assessment items fit within two key themes: connection (how 
emotionally connected are people to this place?) and function (how well does this 
place function as an activity and/or recreation destination?). These two themes are 

Fig. 6   Themes, components and assessment items within the Useability Index. (Source: Carter 
2013)
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aligned with the community values of sense of place (connection) and community 
benefit (function) illustrated in Fig. 4 and described above.

Within the two themes of connection and function, five components were identi-
fied.

Aesthetics and attachment relate to connection:

•	 AESTHETICS: The visual appeal of natural elements and the overall appearance 
of each site plays an important role in developing community connection and 
encouraging use

•	 ATTACHMENT: Engendering “a sense of place” and emotional attachment to 
cultural, spiritual or historical connections and landscape features plays an im-
portant role in willingness to visit, care for and protect river parklands

Activity infrastructure, activity amenity and access relate to function:

•	 ACTIVITY INFRASTRUCTURE: Appropriate activity infrastructure enables 
people to engage in various physical activities, recreational pastimes, social 
gatherings and community events

•	 ACTIVITY AMENITY: People seek appealing and amenable places where they 
can relax, reflect, meet others and socialise with family and friends

•	 ACCESS: Ease of access to the site (how people can get there) determines how 
well parklands can be used by visitors, and access within the site (such as path-
ways and linkages to different areas).

As illustrated in Fig. 6, ten assessment items sit under these five components. Each 
item includes a set of criteria that is assessed at each Riverpark site. For example, 
natural appeal includes assessment of observed water quality (whether clean, clear 
and odourless), attraction of cross-river views, and site appropriate trees, riparian 
vegetation and/or wildlife habitat. How well a site is rated (excellent to poor) in re-
lation to each criteria determines a score (out of 10) for each assessment item. These 
scores can be reviewed overall (with a maximum score of 100), or by composite 
score for each theme or component.

In terms of what is considered a satisfactory or acceptable score, all sites are used 
and valued in different ways and will have their own situational constraints making 
it difficult to assess what is universally satisfactory. However where site assessment 
results in lower scores (< 70 %), this may indicate that a site or certain aspects of a 
site might benefit from greater investment, maintenance, regeneration or commu-
nity involvement in planning and management to generate stronger sense of place 
and optimise community benefit.

At the time of writing, the Useability Index was in its final stages of imple-
mentation. More than 150 sites within the Riverpark were assessed by an indepen-
dent assessor and verified in consultation with staff from relevant local govern-
ment authorities. Site assessment data is held within the Swan River Trust Asset 
Management System and will be updated when significant site improvements are 
undertaken. In addition, it is planned that ongoing assessment of 35 sites selected 
to provide a cross-section of different types of parklands (water-based activity ar-
eas, recreation places and nature reserves) will be conducted annually by trained 
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volunteer River Guardians. Assessment items are linked to questions included in an 
annual visitor satisfaction survey (conducted at the same 35 selected sites) enabling 
comparison of site assessment data and visitor perceptions. This information will 
be used to assist in prioritising investment and guide planning decisions to ensure 
that the health of the Swan and Canning rivers and the community who use them are 
maintained for future generations.

Conclusion

This chapter highlights the importance of cultural ecosystem services and their 
positive relationship to human health. Perhaps more importantly it demonstrates 
the importance of sustainable development and the need to ensure there is no fur-
ther degradation or loss of urban wetlands through increasing urbanisation (Ramsar 
Convention on Wetlands 2012). To achieve this, the values of cultural (and other) 
ecosystem services associated with urban wetlands need to be clearly articulated 
to ensure these values inform urban planning and decision making. Local com-
munities can greatly benefit from appropriate access to green and blue spaces, with 
thoughtful long term planning, monitoring and assessment designed to involve, en-
gage and empower people to visit, value and care for urban wetlands.
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Abstract  Natural disasters in the context of public health continue to be a chal-
lenge for small island developing states (SIDS) of the Pacific. Pacific SIDS are 
particularly sensitive to disaster risk given geographic isolation, developing econo-
mies, lack of adaptive capacity and the interaction of climate variability with rapid 
environmental change. Health risks are amplified by the high levels of dependence 
on wetland resources and population concentration along low-lying floodplains and 
coastal margins. Thus, the health consequences of disasters cannot be considered 
in isolation from their wetland ecosystem settings. Wetlands provide protective 
and essential provisioning services in disasters, yet can also become vehicles for 
poor health outcomes. In this chapter we review the direct and indirect health con-
sequences of interruptions to wetland ecosystem services associated with disaster 
events and emphasize how longer-term health effects of natural disasters can be 
exacerbated when wetland services are lost. We examine patterns of ill health for 
those populations in Pacific SIDS that are associated with wetlands and provide 
examples of how wetlands can either mitigate or contribute to these health out-
comes. Finally, we identify opportunities and examples of improved management 
of wetland ecosystems for human health benefits under local to regional-scale man-
agement frameworks. Greater understanding at the interface of wetland ecology and 
disaster epidemiology is needed to strengthen existing models of disaster risk man-
agement and wetland conservation. We suggest applying principles of Integrated 
Island Management (IIM) as regionally appropriate means to guide those seeking to 
build this understanding.

Keywords  SIDS (Small Island Developing States) · Natural disasters · River basin 
modification · Flooding · Cyclones · Sea level rise · Water provisioning · Food 
provisioning · Livelihoods · Infectious disease · Physical hazards · Psychosocial 
well-being · Migratory aquatic faunas · Fisheries · Disaster risk reduction · Public 
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Introduction

Natural disasters are disruptions to ecological systems that exceed people’s capacity 
to adjust, thereby necessitating external assistance (Lechat 1976). They can be geo-
physical (earthquake, volcano, mass movement), meteorological (storm), hydro-
logical (flood), climatological (extreme temperature, drought, wildfire), biological 
(epidemic, infestation, stampede) and extra-terrestrial (asteroid, meteorite) in nature 
(Below et al. 2009). Natural disasters currently affect over 200 million people annu-
ally, are frequently concentrated in and around wetland areas, and cause consider-
able loss of life and prolonged public health consequences (UNISDR 2005). Public 
health impacts of natural disasters are magnified by the interactions of urbanization, 
environmental degradation and climate change on floodplains, coastal margins and 
tectonically active areas (Kouadio et al. 2012).

Small island developing states (SIDS) in Oceania, encompassing Melanesia, Mi-
cronesia and Polynesia (Fig. 1), are particularly vulnerable to the impacts of natural 
disasters (Table 1). Five Pacific Island countries rank among the world’s top 15 at-
risk countries, including Vanuatu, Tonga, Solomon Islands, Papua New Guinea and 
Fiji (ADW 2012). In the context of disaster risk, vulnerability is defined as the state 
of susceptibility to harm from disturbance (Adger 2006) and is a function of expo-
sure, sensitivity and adaptive capacity (IPCC 2007). Pacific SIDS have high expo-

Fig. 1   Map of the Pacific Islands, showing its sub-regions and the principal island nations
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sure to natural disasters, whose incidence and severity are on the rise (ABM and 
CSIRO 2011). Pacific SIDS are also particularly sensitive to disaster risk given the 
concentration of human populations along low-lying wetland areas (McIvor et al. 
2012). Furthermore, the geographic isolation of many island communities results in 
low adaptive capacity, as they cannot easily access emergency services, freshwater 
and food following acute disturbance events (Barnett and Campbell 2010).

Following natural disasters, there are direct and indirect pathways to poorer 
health outcomes in wetland systems; those affected cover a broad spectrum of 
community members including immediate victims, rescue workers, those with lost 
property or livelihoods, families of the injured and those beyond the vicinity of the 
disaster (Galea 2007). The enormous economic costs of disasters also impact on the 
ability of SIDS to provide adequate recovery services: for example, annual losses 
from tropical cyclones and earthquakes are estimated to be as high as 6.6 % of na-
tional GDP in Vanuatu (Jha and Stanton-Geddes 2013). In this chapter we review 
the direct and indirect health consequences of interruptions to wetland ecosystem 
services associated with disaster events and emphasize how longer-term health ef-
fects of natural disasters can be exacerbated when wetland services are lost. We ex-
amine patterns of ill health for those populations in Pacific SIDS that are associated 
with wetlands and provide examples of how wetlands can either mitigate or contrib-
ute to these health impacts. Finally, we identify opportunities for improved manage-
ment of wetland ecosystems for human health benefits under local to regional-scale 
management frameworks.

Impacts on Water Provisioning

It is well recognised that wetlands play a key role in the hydrological cycle, influ-
encing both quantity and quality of available fresh water (Costanza et  al. 1997; 
Maltby and Acreman 2011). Wetlands influence groundwater recharge, base flow 
maintenance, evaporation and flooding. Wetland condition also influences the qual-
ity of fresh water available for personal hydration, agriculture and industry through 
processes of erosion control, water purification, nutrient retention and export (Cher-
ry 2012). Clean water on many small tropical islands is limited and vulnerable, with 
heightened susceptibility to contamination from inadequate sanitation and treat-
ment facilities (Falkland 1999). The occurrence of natural disasters often results in 
increased contamination of water resources and disruption to water distribution and 
treatment facilities. Low-lying islands and atolls that rely on shallow and fragile 
groundwater lenses are often the most seriously affected (Dupon 1986).

Tropical storms, cyclones and associated flooding are among the most common 
natural disasters in the region. The Pacific region has the highest frequency of re-
corded cyclones, with 45 % of all cyclones reported from 1980 to 2009 (Doocy et al. 
2013). Fiji alone has reported 124 natural disasters in the past 37 years, with tropical 
cyclones accounting for 50 % of these events (Lal et al. 2009). There is an average 
of five to six tropical cyclones annually in the South Pacific (Gupta 1988), resulting 
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in major consequent impacts on freshwater provisioning and therefore acute and 
chronic impacts on human health. Impacts arise from direct damage to infrastruc-
ture and indirect flood-associated pollution in wetland areas from which people 
access water for drinking, cooking and bathing (Ellison 2009; Young et al. 2004).

For example, with wind speeds of 80–110 knots and rainfall of 300–400 mm/day, 
Cyclone Ami in 2003 had devastating effects on Fiji, in particular on the islands of 
Vanua Levu, Taveuni and the eastern islands of the Lau Group (Mosley et al. 2004). 
A month after the cyclone subsided, a study conducted on drinking water quality on 
the island of Vanua Levu showed nearly 75 % of samples did not conform to World 
Health Organisation (WHO) guideline values for safe drinking water (Mosley et al. 
2004). This was most likely from the large amounts of silt and debris entering the 
water supply sources during the cyclone. Turbidity and total coliform levels had 
increased by 56 and 62 %, respectively, from pre-cyclone levels and poor water 
treatment led to this contamination being transferred through the reticulation system 
(Mosley et  al. 2004). Communities were unaware that they were drinking water 
that was inadequately treated. This study also demonstrated that a simple paper 
strip water-quality test kit (for hydrogen sulphide, H2S) correlated well with the lab 
based tests. WHO has subsequently been distributing these simple kits to remote 
communities to allow water supply testing post natural disaster.

The impact from storm surges on freshwater provisioning is amplified by sea 
level rise, which propagates storm damage further inland. While immediate dam-
age is increased by this interaction, the compounding long-term issue of saltwater 
intrusion into the groundwater supply is serious (Sherif and Singh 1996). The shal-
low freshwater lens on atolls is the only source of fresh water other than rainwater. 
After a Category 5 cyclone swept a storm surge across remote Pukapuka Atoll in 
the Northern Cook Islands, the freshwater lens took 11 months to recover to potable 
conditions and remnants of the saltwater plume were still present 26 months after 
the saltwater incursion (Terry and Falkland 2009).

Low-lying atolls are also particularly susceptible to drought as they rely almost 
entirely on rainfall as a source of freshwater. In the latter part of 2011, Tuvalu de-
clared a state of emergency after receiving less than normal rainfall for six months. 
Households were rationed two buckets of water a day (40 L) and the state hos-
pital limited admissions to cope with the water rationing (NIWA 2012). The Red 
Cross declared that drought conditions had also caused contamination of the limited 
groundwater supplies (IFRC 2013). International aid agencies responded by ship-
ping bottled water, supplying a desalination plant and increasing the number of 
water storage tanks in the country. This drought was attributed to La Niña, when 
the cooling of the surface temperature of the sea around Tuvalu leads to reduced 
rainfall (Salinger and Lefale 2005). A few months later, the atoll country of Tokelau 
also declared a state of emergency due to drought under similar circumstances of 
climate and geomorphological vulnerability. The Republic of the Marshall Islands, 
another low-lying atoll country, declared a state of disaster due to drought condi-
tions in May 2013, with 6400 people across 15 atolls facing health, environmental, 
social and economic hardships due to the dry weather (IFRC 2013). Water supplies 
there are primarily generated by reverse osmosis units and rainwater catchments, 
both generally poorly maintained and limited in number (IFRC 2013).

Natural Disasters, Health and Wetlands
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Minimizing pollutants from reaching toxic levels in groundwater for drinking 
purposes is invaluable in the context of disaster recovery. Wetlands such as marshes 
and riparian vegetation contribute to the natural filtration of water and to the im-
provement of its quality (Norris 1993; Lowrance et al. 1997). The slowing of flood-
waters by wetland systems allows for sediments to deposit (trapping metals and 
organic compounds), pollutants and nutrients to be processed, and pathogens to lose 
their viability or be consumed by other organisms in the ecosystem (Millennium 
Ecosystem Assessment 2005). High levels of nutrients in the water column, com-
monly associated with agricultural runoff and sewage effluent, such as phosphorus 
and nitrogen, can be substantially reduced or transformed by assimilation, sedimen-
tation and other biological processes in wetlands (Dillaha et al. 1989; McKergow 
et al. 2003), though during periods of high flow (i.e., during heavy storms and where 
basins are more channeled and the gradient is steep), the extent of pollutant storage 
will be lower (Gaudet 1978). By contrast, losses of wetland systems can contribute 
to spread of waterborne bacteria. For example, a recent study in Hawaiian streams 
demonstrated that reductions in riparian canopy cover were associated with Entero-
coccus increases in stream water where each 1 % decrease in riparian vegetation 
was associated with a 4.6 % increase of Enterococcus (Ragosta et al. 2010).

Well-managed wetlands in disaster prone island river basins can be relied upon 
to mitigate some water pollution problems, however every wetland has a finite ca-
pacity to assimilate pollutants and may rapidly overload during a cyclone or flood-
ing event (Gaudet 1978). Despite this, wetlands have a key role to play in integrated 
catchment-based disaster reduction and recovery strategies to address water quality 
issues.

Impacts on Transmission of Infectious Disease

A number of authors have predicted that climate-induced disasters will increase the 
incidence of infectious diseases caused by vector-borne and waterborne parasites 
and pathogens (Patz et al. 1996; Colwell 1996; Harvell et al. 2002; Patz et al. 2004), 
though this has also been challenged (Ostfeld 2009; Harper et al. 2012). Wetland 
alteration and other environmental damage caused by natural disasters can act as 
persistent drivers of infectious disease. Floods, for example, create conditions that 
allow mosquitoes to proliferate and increase the amount of human-mosquito contact 
(Gubler et  al. 2001). The condition of wetlands prior to, during and after disas-
ter events can also contribute to the collection of stagnant or slow moving water 
that favors mosquito breeding and associated vector-borne diseases. River-basin 
deforestation, river damming and rerouting all have been attributed to enhancing 
conditions for flooding and vector proliferation (Ahern et al. 2005). Storm surges 
in combination with sea level rise can also alter predominantly freshwater wetlands 
into increasingly brackish areas and subsequently increase breeding areas for the 
salt tolerant malaria vector, Anopheles sundaicus (Krishnamoorthy et al. 2005). In 
the endemic zones of the Pacific, malaria is identified as among the top five causes 
of non-traumatic death post-disasters (WHO 2013).



175

There are clear relationships between natural disasters and waterborne diseases 
when extremes in the hydrologic cycle cause both water shortages and floods, both 
of which are associated with increased diarrheal diseases (Patz et al. 2004). Within 
periods of water shortage, poor hygiene and the likelihood of multiple uses of the 
same water source (e.g., cleaning, bathing, drinking) is a major contributor to dis-
ease transmission, while other mechanisms such as concentration of pathogens may 
also be important (Lipp et al. 2002). The Republic of the Marshall Islands, Tokelau 
and Tuvalu have all experienced drought disasters since 2011, and both Tokelau and 
Tuvalu have experienced substantial associated diarrhea outbreaks as limited water 
resources became contaminated (WHO 2013).

During periods of flooding and heavy rainfall, fecal matter and associated patho-
gens flush from the land and contaminate drinking water sources. For example, a 
typhoon in Chuuk, Federated States of Micronesia, in 1971, prevented the use of 
the usual groundwater sources. Chuuk communities were forced to use alternative 
water sources, which were contaminated by pig feces, leading to an outbreak of 
balantidiasis (Walzer et al. 1973). In countries like Fiji, clear associations have been 
made with regard to increased rainfall and diarrhea cases (Singh et al. 2001) and 
post cyclone spikes in waterborne diseases such as typhoid have also been docu-
mented (Scobie 2011).

Damage to sanitation and sewage infrastructure associated with tropical storms 
and flooding also imposes serious infectious disease risk. The risks of spread of 
waterborne infectious diseases magnifies with lack of clean water, poor sanitation, 
poor nutritional status and population displacement (Dennison and Kiem 2009). 
Outbreaks of diarrheal illness are common after floods in low and high-income 
countries alike, while developing countries with poor water and sanitation infra-
structure also commonly suffer from outbreaks of cholera, typhoid and other water-
borne microbial diseases (Cabral 2010). In several Pacific island countries, includ-
ing Fiji and Samoa, flooding events following cyclones and prolonged rainfall have 
been linked to outbreaks of several waterborne bacterial diseases (e.g. leptospirosis, 
shigellosis, typhoid), resulting in costly disaster response measures (Jenkins 2010). 
The probability of infectious disease increases following tropical cyclone events in 
proportion to disruption of public health services and the health-care infrastructure, 
damage to water and sanitation networks, changes in population density (especially 
in crowded shelters), population displacement and migration, increased environ-
mental exposure due to damage to dwellings, and ecological changes (Shultz et al. 
2005).

As people and animals are driven together in dry areas, increased contact with 
rodents and livestock often results in outbreaks of the bacterial infection leptospi-
rosis (Gaynor et al. 2007; Lau et al. 2010; 2012). Leptospirosis, a bacterial disease, 
can be transmitted by direct contact with contaminated water. Rodents, in particular, 
shed large amounts of the pathogenic bacteria in their urine, and transmission oc-
curs through contact of the skin and mucous membranes with water, damp soil or 
vegetation (such as sugar cane), or mud contaminated with rodent urine (Watson 
et al. 2007). Flooding facilitates spread of bacteria because of the proliferation of 
rodents and the proximity of rodents to humans on shared high ground. In 2012, Fiji 
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was impacted by flooding from sequential tropical depressions that caused wide-
spread flooding impacting much of Western Viti Levu in January 2012 and again 
in March 2012. These events resulted in substantial population displacement and 
significant post-disaster increases in leptospirosis cases three to eight weeks follow-
ing each of the major flooding episodes (Fig. 2). Conservative estimates place the 
number of cases at 300 and the number of deaths at 25 (WHO 2013).

In the context of natural disasters such as tropical cyclones and large storms, 
river basin modification via logging, mining and agriculture can exacerbate the en-
vironmental exposure of communities to infectious disease (Patz 2000; Patz et al. 
2004; Horwitz et  al. 2012; Myers et  al. 2013). The combination of increases in 
the severity of severe storms and rainfall and increased landscape modification is 
already having a notable impact on disease transmission. Around 3 % of forests are 
lost each year with serious consequences both on land and in adjacent water drain-
ages (Hansen et al. 2010). Change in the diversity and abundance of species, soil 
dynamics, water chemistry, hydrological cycles and new forest fringe habitats cre-
ates new disease exposure dynamics (Myers and Patz 2009). Construction of dams 
and irrigation systems in river basins also contribute to disease emergence. Dams 
and irrigation have been associated with rises in schistosomiasis (Malek 1975), Rift 
Valley fever, filariasis, leishmaniasis, dracunculosis, onchocerciasis, and Japanese 
encephalitis (Harbin et  al. 1993; Jobin 1999). Road building, commonly associ-
ated with logging enterprises in Pacific SIDS, has also been linked to increased 
incidence of dengue fever (Mackenzie et al. 2004) and diarrheal disease (Eisenberg 
et al. 2006).

Fig. 2   Suspected leptospirosis cases after sequential flooding disasters following tropical storm 
events—Western Division, Fiji, 2012. (Reprinted with permission from WHO 2013)
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In the Pacific Islands context, this increased environmental exposure results 
from interacting processes of flooding and sea level rise as river basin modifica-
tion acts in concert with a changing global climate (Nicholls et al. 2007). Flooding 
and erosion rates are often accelerated by forest clearance (e.g. Likens et al. 1970; 
Costa et al. 2003). Deforestation within river basins is a major cause of flooding and 
landslide activity during periods of high rainfall and major storms and can prime 
the basin for future floods through increased sediment deposition (Cockburn et al. 
1999). Where land is cleared, grazed or tilled, changes in compaction, infiltration 
and vegetative cover may lead to increased soil erosion and runoff (Pimentel et al. 
1993; Roth 2004). A comprehensive 56 country study of forest cover and flood risk 
demonstrated that a 10 % loss of natural forest cover can result in a 4–28 % increase 
in flood frequency and a 4–8 % increase in flood duration (Bradshaw et al. 2007). 
The Western Pacific is also experiencing significant sea level rise (Church et al. 
2006), and this interaction of river flooding and sea level rise can produce sub-
stantial increases in flood risk to populations and infrastructure. Overall, the small 
islands of the Pacific Ocean are among the most vulnerable to flooding (Nicholls 
et  al. 1999) precisely because of this interaction between deforestation, wetland 
ecosystem degradation and climate impacts such as sea level rise and increased 
frequency of tropical storms (Knutson et al. 2010). Fiji, for example, has experi-
enced an increased frequency and magnitude of flooding over the past few decades, 
attributable to the aforementioned combination of factors and particularly affecting 
populations living in river deltas and on flood plains (Lata and Nunn 2012).

Impacts on Food Provisioning and Livelihoods

Wetland ecosystems and the resources they provide are central to the food provi-
sioning and livelihoods of Pacific island peoples. These food provisioning services 
can be severely impacted by various natural disasters. Health issues associated with 
malnutrition in the wake of disasters occur through reduced caloric, protein or mi-
cronutrient intake or ingesting toxic levels of trace elements (Cook et al. 2008). In-
cidence of malnutrition in Pacific SIDS is predicted to become more prolonged and 
widespread due to impacts associated with climate change and associated climate-
induced disasters (Barnett 2007). Impaired nutritional intake is also a risk factor for 
mortality from infectious diseases, such as gastroenteritis and measles, which are 
often also more common in the post-disaster phase (Cook et al. 2008).

Natural disasters, such as tropical cyclones and severe storms, cause significant 
loss in agricultural production each year in the Pacific. More than 80 % of the popu-
lation of the Pacific islands is rural and about 67 % depend on agriculture for their 
livelihoods (ADB and IFPRI 2009). Crop production for subsistence and commer-
cial use is heavily dependent on wetlands, often located on fertile floodplain areas. 
Cyclone Ami, for example, caused over US$ 35 million in lost crops in Fiji in 2003 
(Mackenzie et al. 2005). In Tuvalu saltwater intrusion from storm surge affected 
communal crop gardens on six of Tuvalu’s eight islands and destroyed 60 % of 
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traditional pit gardens (ADB and IFPRI 2009). High risk of flooding in river catch-
ments also threatens food production. Heavy flooding of the Wainibuka and Rewa 
rivers in Fiji in April 2004 damaged between 50 and 70 % of crops (Fiji Government 
2004). During the January 2009 floods in Fiji, crops were destroyed and many did 
not have another source of income to buy food, medical supplies or send children to 
school (Lal et al. 2009). Drought also presents problems for agriculture everywhere 
in the region, particularly given the lack of irrigation (Barnett 2007).

River basin modification also affects the food provisioning services that assist 
communities in the disaster recovery process. Aspects of the relationships between 
river basin modifications, natural disasters, infectious disease risk and food provi-
sioning are hypothesized in Fig. 3. In a recent Fijian study, a dam constructed in 
the upper catchment of the Nadi River basin as part of a flood mitigation project 
(Fig. 4) helped to reduce the frequency of local floods but also resulted in a signifi-
cant reduction in the availability of fish for local community subsistence (Jenkins 
and Mailautoka 2011). The dam construction didn’t account for the highly migra-
tory nature of insular fish faunas and compounded the long-term nutritional vulner-
ability of the community.

The highly migratory fish faunas of island systems are disproportionately af-
fected due to a greater probability of encountering obstacles such as dams or other 

Fig. 3   Generalized conceptual model of mechanisms determining health and livelihood outcomes 
during cyclones or heavy rainfall in the context of high island river basins. + and − indicate posi-
tive and negative contribution or affect on the following factor and dotted lines show the mediating 
effect of socio-cultural behaviour
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hydrological modifications, predation by non-native species and degraded water 
quality. These vulnerable species include ones with the greatest socio-economic 
value to communities. Jenkins et al. (2010) demonstrated the notable absence from 
degraded catchments of fishes that traditionally formed staple diets of inland com-
munities. Other notably absent species in heavily modified catchments include 
many migratory species that form important commercial and cultural fisheries for 
Pacific islanders. These effects are largely seasonal and magnified in degraded 
catchments, with pronounced negative impacts during heavy rainfall and severe 
storms on food-provisioning services and biodiversity (Jenkins and Jupiter 2011). 
These effects will likely become more severe under predicted future climate scenar-
ios (ABM and CSIRO 2011). Community bans on harvesting and clearing within 
riparian wetlands can be effective at maintaining fish diversity even in areas where 
forests have previously been extensively cleared (Jenkins et al. 2010). However, 
these benefits are rapidly removed once the ban has been lifted and food fish from 
rivers again become scarce (Jenkins and Jupiter 2011).

Managing river basins to minimize runoff and consequent eutrophication down-
stream will also provide greater availability of aquatic resources of value such as 
fisheries. This applies to both within river and downstream coral reef ecosystems. 
Fabricius (2005) reviewed the negative impacts to coastal coral reefs (e.g. increases 
in downstream macroalgal cover) associated with impacts of reduced water qual-
ity from adjacent, highly modified river basins. Letourneur et al. (1998) showed 
a decrease in commercial reef fish species richness and biomass with increasing 
exposure to terrestrial runoff from rivers in New Caledonia. While fishing pres-

Fig. 4   A dam constructed to minimize flooding in the upper Nadi Basin in Fiji. Note low water 
levels and impassability to freshwater fauna. Photo credit: Vinesh Kumar
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sure is certainly a mediating factor in availability of fisheries resources from coral 
reefs, Wilson et al. (2008) noted from a study in Fiji that habitat loss, in part due to 
changes in water quality, is currently the overriding agent of change.

Dependence on coral reefs and coral reef fisheries is high in most Pacific SIDS, 
not only for dietary needs but also for both subsistence and market-based econo-
mies (Gillett 2009; Bell et al. 2009). Forty-seven percent of coastal households list 
fishing as the primary or secondary source of income and in rural communities the 
subsistence fishery accounts for 60–90 % of all fish caught (Gillett 2009). Direct 
impact on coral reef habitat that supports coral reef fisheries production can have a 
devastating impact on food security. For example, in Solomon Islands an 8.1 mag-
nitude earthquake followed by a tsunami in April 2007 resulted in rapid, massive 
uplift of large sections of coral reefs and mangrove ecosystems in areas of Western 
Province, and severe damage to reefs of western Choiseul from wave energy. Moni-
toring data from impacted Choiseul coral reef systems show significant decreases 
in the availability of food fish and invertebrates, as well as a reduction in hard coral 
cover (Hamilton et al. 2007).

Impacts as Sites of Physical Hazards

At least 1 % of the global coastal wetland estate is lost each year primarily by direct 
reclamation (Nicholls et  al. 1999), and these losses may have profound impacts 
on ecosystem services related to coastal protection. There is a body of evidence 
suggesting that coastal wetland ecosystems (including mangrove forests, coral 
reefs and salt marshes) can help to reduce the direct risk of damage and injuries 
associated with some natural disaster events (e.g. Danielsen et al. 2005; Das and 
Vincent 2009). The immediate injuries recorded during disasters in the proximity 
of coastal wetland systems include lacerations, blunt trauma, sprains/strains and 
puncture wounds, often in the feet and lower extremities, which become susceptible 
to infection (Ahern 2005; Shultz et al. 2005; Hendrickson et al. 1997). However the 
precise extent to which mangroves and other coastal vegetation ecosystems serve as 
bio-shields is debated (Bayas et al. 2011), and the role of coastal wetland vegetation 
in wave impact and storm surge mitigation still remains controversial (Geist et al. 
2006; Iverson and Prasad 2007; Kaplan et al. 2009).

Data on the extent of coastal vegetation and impacts on Pacific Islands post-
tsunami are limited, yet some lessons can be learned from examples from South 
East Asia. In the coastal regions of western Aceh in 2004, the potential for mitigat-
ing tsunami impacts appeared limited as a result of the massive energy released by 
waves with heights exceeding 20 m (Cochard 2011). Studies do suggest, however, 
that coastal wetland vegetation appears to reduce casualties and damage (Kathire-
san and Rajendran 2005; Bayas et al. 2011). Bayas et al. (2011) reported loss of 
life decreased by 3–8 % behind coastal vegetation, indicating that trees may have 
slowed and/or diverted the waves, thereby allowing greater opportunity to escape 
to safety. In contrast, when plantations or forests were situated behind villages there 



181

was a 3–5 % increase in the number of casualties (Bayas et al. 2011). Similarly, 2100 
people were killed and at least 800 were severely injured following a 1998 tsunami 
in eastern Saundaun Province, Papua New Guinea, where villages were located di-
rectly on sand spits in front of the mangroves surrounding the lagoon (Dengler and 
Preuss 2003). Given these mixed outcomes, mangrove planting as a tsunami miti-
gation measure has received criticism for failing to control for confounding factors 
such as distance from shoreline (Kerr and Baird 2007; Baird et al. 2009). One recent 
review concluded that the value of coastal vegetation as a tsunami buffer is minor 
(Baird and Kerr 2008), with the authors suggesting that the claim that coastal wet-
land vegetation can act as a bio-shield gives false hope to vulnerable communities.

Recent experimental studies show that mangroves can reduce the height of wind 
and swell waves over relatively short distances (McIvor et al. 2012), though these 
coastal protection services are likely nonlinear and vary with habitat area and width 
(Barbier et al. 2008). Wave height can be reduced by 13–66 % over 100 m of man-
groves. However, most studies have measured the attenuation of only relatively 
small waves (wave height < 70 cm) and further research is needed to measure the 
attenuation of larger wind and swell waves by mangroves. In addition, the ability 
of mangroves to provide coastal defense services is dependent on their capacity 
to adapt to projected rates of sea level rise (McIvor et al. 2012). Recent evidence 
suggests that mangrove surface soils are rising at similar rates to sea level in a 
number of locations (McIvor et al. 2013). However, data are only available for a 
small number of sites and mostly over short time periods. To allow for continued 
mangrove protection, wetland managers need to monitor the conditions allowing 
mangroves to persist and adapt to changing sea levels. This requires monitoring 
the maintenance of sediment inputs, protection from degradation and the provision 
of adequate space for landward migration (McIvor et  al. 2012). The removal of 
coastal wetland vegetation may be a greater short-term threat to other services such 
as storm surge abatement and fisheries supply than sea level rise. It is important 
for concerned communities of practitioners to be promoting mangroves and coastal 
wetland vegetation as more than a bio-shield but also as an important source of 
livelihood provisioning that can assist in the medium to long-term disaster recovery 
process (Bayas et al. 2011). Artificial protection structures like seawalls cannot pro-
vide the nursery and fisheries benefits of natural systems, such as mangroves and 
coral reefs that can assist in hastening community recovery.

Impacts on Psychosocial Well-Being

Wetlands are of great cultural and social significance to Pacific Islanders and play 
a crucial role in mediating psychosocial health and well-being. The use of wetlands 
and wetland ecosystem services is arguably an important aspect of Pacific cultural 
identity (Strathern et al. 2002). Pacific authors argue that notions of well-being are 
linked closely to cultural identity (McMullin 2005), that illness is often seen as an 
inevitable disruption to life and social systems (Drummond and Va’ai-Wells 2004), 
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and that health gives meaning to an individual’s place and actions within a commu-
nity context (Ewalt and Mokuau 1995). Thus, if Pacific Islanders lose their wetland 
services, they are at risk of a diminution of cultural identity and social well-being.

Some authors note an ecology driven model of well-being that is based on the 
vitality and abundance of natural resources relied upon for subsistence and cultural 
practices (McGregor et al. 2003). Within this ecological model, the collective fam-
ily unit forms the core social unit within which the individual lives and interacts, 
which is interdependent upon the lands and associated resources for health (physi-
cal, mental and emotional) and social well- being. In both cases, the myriad wetland 
ecosystems of the Pacific are the settings for health where cultural identity, subsis-
tence life and social systems co-exist ( sensu Horwitz and Finlayson 2011).

While descriptions of psychosocial issues surrounding disasters in Pacific SIDS 
are relatively scant, it is well documented that populations exposed to natural disas-
ters are affected by a variety of mental health issues (eg. Cook et al. 2008; Shultz 
et al. 2005). The exposure to loss of life or loved ones, social displacement and 
economic loss have wide-ranging health effects and contribute to persistent post-
traumatic stress disorder (PTSD) and depression (Cook et  al. 2008). Persistent 
PTSD was documented in New Zealand after Cyclone Bola in 1988 (Eustace et al. 
1999). When a succession of five typhoons struck Guam in 1992, persons who had 
acute stress disorder following the initial typhoon were significantly more likely 
to have progressed to PTSD or depression after the full series of typhoons (Staab 
et al. 1996). Increases in the rates of suicide and child abuse have also been reported 
post-cyclones (Shultz et al. 2005) and significant evidence exists post-flooding that 
children experience long-term increases in PTSD, depression, and dissatisfaction 
with life (Ahern et  al. 2005). Addressing chronic care injuries and psychosocial 
well-being in the aftermath of these types of disasters can span several generations. 
Galea et al. (2005) suggested that over a third of initial cases of post-disaster PTSD 
can persist for more than a decade. As Pacific SIDS are particularly sensitive to 
disaster risk given the concentration of people along low-lying, wetland areas (e.g. 
McIvor et al. 2012), post-disaster mental health issues may also be concentrated in 
these vulnerable populations.

Well-managed wetlands may help to mitigate the psychosocial stress and mental 
health issues associated with natural disasters. Damaged wetland systems and the 
community awareness and perception of this damage may result in pathological 
mental health outcomes as outlined above. A recent study on Pacific Island families 
showed that those families located in neighborhoods with perceived higher levels of 
environmental pollution (including wetland degradation), noise and reduced safety 
were more than twice as likely to have psychological morbidity, with mothers 7.3 
times more likely to be affected (Carter et al. 2009).

While the loss of loved ones, income, livelihood options and displacement all 
contribute to mental distress, the loss of a “sense of place” is also emerging as an 
important mental health consideration. Albrecht (2005) has used the particular term 
“solastalgia” for the pain or sickness caused by the loss or, or inability to derive, 
solace connected to the present state of one’s home environment. This concept of 
solastalgia is illuminated in any case where the environment has been negatively 
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affected by forces that undermine a personal and community sense of identity, be-
longing and control (Horwitz et al. 2012). This concept is of particular relevance 
in the context of natural disasters and for the Pacific Islands where cultural identity 
and factors of spiritual significance are closely tied with local environmental condi-
tions (McMullin 2005; McGregor et al. 2003).

Evidence is also emerging that people actively involved in local conservation 
projects report better general health and a sense of community belonging than those 
who were not involved (Moore et al. 2006). Wetlands managers and public health 
practitioners need to recognize the need to align wetland conservation and restora-
tion efforts with the potential effects on mental health in both the disaster preven-
tion and recovery contexts. Managing wetlands in the wake of natural disasters to 
minimize the future damage to livelihoods or exposure to pathogens and improve 
community solidarity in the recovery process are likely to positively contribute to 
the mental well-being and the speed of recovery in the affected population.

Managing Wetlands for Disaster Risk Reduction 
and Public Health

The health consequences of disasters cannot be considered in isolation from the 
wetland ecosystems in which they occur. Wetlands can help to provide protec-
tive and essential provisioning services during and following disasters, though in 
some conditions, they can also become a setting for disease spread and exacerbate 
harmful conditions. Evidence-based management of wetland conditions surround-
ing disaster events is important for both disaster response and prevention well be-
yond the time and place of the disaster itself. The identification and management 
of short-term health impacts surrounding disasters often captures the attention and 
financial assistance while many intermediate to long-term impacts are overlooked 
(Cook et  al. 2008). Recovery from disasters such as tropical cyclones, flooding, 
or tsunamis around wetland areas is commonly a protracted process. Disaster risk 
reduction strategies must factor in the medium- to longer-term preventative and re-
covery processes that integrate traditional public health interventions with wetland 
conservation and restoration, land use planning and climate change adaptation.

Opportunities and Examples of Good Practice at Regional, 
National and Local Levels

At a global level, following the World Conference for Disaster Reduction, the Unit-
ed Nations General Assembly produced the Hyogo Framework for Action in 2005, 
a 10-year framework bringing different sectors and actors under a common global 
system of coordination to reduce disaster losses (UNISDR 2005). In the context 
of managing wetlands for public health in the face of disasters, the focus of policy 
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makers seeking to integrate wetland management with disaster risk reduction under 
the Hyogo Framework should focus on Priority Action 4 “Reducing the underly-
ing risk factors” by targeting the appropriate sectoral development planning and 
programs. Implementing agencies of this framework can act through global alli-
ances such as Partnership for Environment and Disaster Risk Reduction (PEDRR) 
to advocate the importance of wetland management in achieving health outcomes 
through Priority Action 4.

At the Pacific regional level, the current policy framework for disaster manage-
ment is the Pacific Disaster Risk Reduction and Disaster Management Framework 
(PDRRDMF) for Action 2005–2015. The Secretariat of the Pacific Community’s 
Applied Geoscience Commission works to support countries to adapt this frame-
work and implement priorities at a national and sectoral level. This often comes 
in the form of developing National Action Plans and more recently Joint National 
Action Plans which seek to address both disaster and climate change risks (SOPAC 
2013). Work is underway to develop a new Strategy for Disaster and Climate Re-
silient Development in the Pacific (SRDP) to succeed the current PDRRDMF and 
‘Pacific Islands Framework for Action on Climate Change’, both due to expire in 
2015. The replacement strategy will combine the two inter-related fields of disaster 
risk reduction and climate change adaptation. Within the implementation of this 
framework, there will be opportunities for countries to tailor national strategies 
around managing and restoring wetlands to reduce disaster risk and improve adap-
tive capacity of coastal communities.

The Ramsar Convention on Wetlands provides another international policy 
framework for the management of wetlands and their associated services. Aligned 
with the Ramsar Convention, the Pacific regional framework for wetlands manage-
ment is the Regional Wetlands Action Plan for the Pacific 2011–2013. Goal 1.4 calls 
for “Precise linkages between ecosystem health and human health in the Pacific to 
be investigated” and “Improved engagement between wetland decision makers and 
human health sectors”, but underlying strategies and objectives have not been ex-
plicit in this regard. The challenge is for countries and territories to embed specific 
objectives for wetland management for health outcomes in the implementation of 
their respective National Biodiversity Strategies and Action Plans, which typically 
cover commitments under the Ramsar Convention.

Important learning opportunities exist within some local approaches to island 
wetlands management collated with a handbook of good practice in Pacific Integrat-
ed Island Management (IIM) (Jupiter et al. 2013). IIM is an approach that calls for 
“sustainable and adaptive management of natural resources through coordinated net-
works of institutions and communities that bridge ecosystems and stakeholders with 
the common goals of maintaining ecosystem services and securing human health 
and well-being” (Jupiter et al. 2013). Five of the ten guiding principles of IIM are 
particularly relevant for those seeking to integrate island wetland management into 
disaster risk management systems: adopt a long-term integrated approach to eco-
system management; maintain and restore connectivity between complex social and 
ecological systems; incorporate stakeholders through participatory governance with 
collective choice arrangements, taking into consideration gender and social equity 
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outcomes; recognize uncertainty and plan for adaptive management through regular 
monitoring, evaluation and review leading to evidence-based decision-making; and 
organize management systems in nested layers across sectors, social systems and 
habitats. Box 1 illustrates these principles applied to the management of the Taki-
tumu Lagoon, Cook Islands, for coupled health and environmental outcomes.

Conclusions and Further Research Needs

Natural disasters are a continuing and growing threat to public health with particu-
lar impact on the small developing nations of the Pacific. Disasters affect human 
health and the ecological properties of wetlands in ways that are not always obvious 
or expected in the medium- to long-term. While wetlands can mitigate the effects 

Box 1:  Takimutu Lagoon Health Report Card, Rarotonga

The Takitumu district of the high island of Rarotonga, Cook Islands, has 
developed an integrated ecosystem-based management plan encompassing 
high island forests, streams, coastal plains and the coral reef lagoon (Dak-
ers and Evans 2007). Advisory committees were established across several 
sectors to deliver the components of the management plan including govern-
ment, donor and local leader steering committees, a technical advisory group 
for issues surrounding environmental monitoring and an inter-departmen-
tal committee for within government coordination. In particular, declining 
stream and lagoon water quality associated with piggery waste was a focal 
issue around which environmental and health sector authorities could engage. 
A Takitumu Lagoon Health Report Card was produced for each village for 
overall water quality, bacterial load, ciguatera in landed fishes, lagoon faunal 
abundance, adjacent stream water quality, stream bacterial load and safety 
of groundwater, and then it was shared widely with communities and rel-
evant stakeholders. As a result of this focused attention on connectivity across 
wetland systems, new Public Health (Sewage) Regulations and an associated 
Code of Practice were developed. In addition, improvements were made in 
the system for assessing and approving changes to existing land use through 
a tightening of regulations needed for planning consent by the Environment 
Authority. This example demonstrates how IIM planning across multiple 
island wetland habitats can successfully bring together a wide range of stake-
holders around shared concerns of public health and environmental quality 
(Jupiter et al. 2013). It also demonstrates that synthesizing high quality tech-
nical information around these shared concerns is catalytic in garnering both 
community support and effecting policy change relevant to both wetlands 
management and public health, thus strengthening the resilience of the com-
munity to environmental exposure to disaster risks.
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of some disaster related health issues, they can also exacerbate ill health in affected 
populations. The extent to which specific wetland contexts and types can facilitate 
disaster mitigation and recovery is generally poorly studied. Building greater un-
derstanding at the interface of wetland ecology and disaster-related epidemiology 
is needed to strengthen existing models of disaster risk management and wetland 
conservation. Health surveillance systems should incorporate aspects of wetland 
quality and key provisioning services alongside routine disease surveillance and 
continue to collect this information in the weeks, months and years following a 
disaster. This will provide policy makers and managers the tools to monitor and 
evaluate the longer acting health consequences of interventions in various wetland 
disaster settings.

A precautionary approach is encouraged for wetland managers to provide care-
ful evidence-based recommendations with regard to the extent of services to expect 
from wetlands surrounding natural disaster events. While being cautious with ad-
vice, wetland managers and scientists must also be proactive in seeking collabora-
tion with public health and disaster risk management arenas to enhance both pre-
vention and recovery strategies. To help manage the impacts of physical hazards, 
wetland scientists can determine the extent of damage to wetland systems and as-
sist in adapting built and natural infrastructure around wetlands to minimize risks. 
Wetland ecologists should assist public health authorities in the identification of 
environmental reservoirs and exposure routes to infectious diseases for humans, 
livestock and other wildlife. The traditional core work of protecting and restor-
ing important wetland types, such as riparian vegetation and mangroves, can help 
mitigate community exposure to water contamination and storm surge and also help 
provide long term livelihood benefits such as fisheries and psychosocial benefits 
such as exercise and community engagement.
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Interventions Required to Enhance Wetlands as 
Settings for Human Well-Being

Pierre Horwitz, C Max Finlayson and Ritesh Kumar

Abstract  The close relationship that exists between food production, water use 
and water extraction dictates that those charged with wetland management con-
sider a broader societal objective that extends beyond nature conservation and a 
sectoral or simplistic approach to natural resource management. Given the interac-
tions that occur between wetlands and human health is it imperative that wetland 
managers are involved in efforts to build and sustain the coping capacity of affected 
human communities, and to recognize that these efforts will need to operate at local, 
national, or regional levels. This is because the factors, such as poverty and high 
burdens of disease, that place populations at risk can also limit the capacity of these 
populations to prepare for the future, or in this instance, make wise use of their 
wetland ecosystems. In proposing ways in which societies can intervene via wet-
land management we draw significantly on material presented in a similarly titled 
chapter of a Ramsar Technical Report, and from a Resolution passed by the Ramsar 
Convention on Wetlands 2012 Conference of Parties in Romania. Many of the pos-
sible response options for addressing ecosystem change and human health and well-
being lie outside the direct control of the wetland and water sectors, or indeed, even 
the health sector. Instead they are likely to be embedded in areas such as sanitation 
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and water supply, education and training, agriculture and fisheries, trade, tourism, 
transport, development, housing and infrastructure. As a consequence integrated 
interventions will need to address existing social values and cultural norms, existing 
infrastructure, and the social, economic, and demographic driving forces that result 
in wetland change. This includes ensuring steps are taken to enable marginalised 
stakeholders to be effectively represented at all stages of the management cycle, 
increased transparency and access to information, and engaging with and support-
ing the core pursuits of other sectors. Possible responses could encompass steps 
to: promote cross-sectoral governance and institutional structures; promote and 
rationalize incentive structures; support social and behavioural responses, including 
capacity building, communication and empowerment; develop technological solu-
tions such as a way of enhancing multi functionality of ecosystems; and develop 
other cognitive responses.

Keywords  Poverty · Burdens of disease · Sectors · Cross-sectoral · Integration · 
Interventions · Stakeholders · Transparency · Governance · Incentives · Behaviours 
· Capacity building · Communication · Empowerment · Technological solutions · 
Health costs · Deliberative democracy · Disciplines · Trade-offs

Introduction

A common theme when discussing human well-being has been an emphasis on the 
strong interdependence between ecosystems, including wetlands, and human health 
as an important part of human well-being (MEA 2005, Horwitz et  al 2012, Patz 
et al. 2012). Horwitz et al. (2012) presented an analysis of this interdependence for 
wetlands by considering: (a) the linkages that occur between the ecological char-
acter of a wetland and its ecosystems services, (b) the way in which ecosystem 
services benefited human well-being, (c) the drivers of ecosystem change that di-
minished the contributions of those ecosystem services, and (d) the outcomes and 
effect of such changes on human health. Arising from this analysis was an impera-
tive to consider what interventions were required to enhance human well-being by 
addressing the erosion of ecosystem services in wetlands.

As wetland and human health are both being affected by the same spectrum of 
direct and indirect drivers of change, many of which are global in nature, there is a 
pressing need to address them to help achieve mutual outcomes—improved health 
outcomes for people and the maintenance or enhancement of ecosystem services 
from wetlands (Horwitz and Finlayson 2011, Finlayson and Horwitz 2015). The 
global issues needing attention are introduced in, for example, the Millennium Eco-
system Assessment (MEA 2005) and the Global Environment Outlook (UNE 2012). 
It is clear that increasingly urgent changes in societal attitudes and governmental 
policies and responses are required to address these within wetlands, including at 
a local scale. There is a range of available or promising response options that may 
help. These issues are further examined below, drawing heavily on an initial ex-
amination in a technical report published by the Ramsar Convention on Wetlands 
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(Horwitz et al. 2012) and recognizing wetlands as settings for human well-being 
(Horwitz and Finlayson 2011).

There are several critical points here that have been used to determine the struc-
ture of this chapter. For reasons presented in the Global Environment Outlook (Ar-
menteras and Finlayson 2012) and The Economics of Ecosystems and Biodiversity 
(Russi et al. 2013), it is clear that a new approach is needed to address the mag-
nitude of cross-sectoral challenges. Hence, in line with the context presented in 
Horwitz et al. (2012) we deal with attitudinal shifts and reorientation of perspec-
tives to enable those with a wetland and human health question to construct their 
problem statements. In addressing these issues we draw significantly on a similarly 
titled chapter in Horwitz et al. (2012), and from a Resolution adopted by the Ramsar 
Convention’s 2012 Conference of Parties in Romania (Ramsar Convention 2012).

The new approach being considered as a way to address the mutual outcomes for 
wetlands and human health and well-being will require a reformulation of the water 
and wetland management agenda in many countries along with adjustments within 
governments to develop cross-sectoral approaches to societal matters, be they ones 
of ecosystem management or restoration, supporting public health, or changes to 
agriculture or public infrastructure. Without new policy initiatives and further con-
sideration of the consequences for governance, it will be extremely difficult to ad-
dress on-site wetland management and public health issues in a coordinated manner. 
The second section of this chapter will seek to explain how particular interventions 
at a higher level of policy development will enable on-ground action.

In response to the above imperatives wetland managers will be encouraged to 
consider how their actions will also affect human health. Conversely, ecosystem 
disruption could occur if human health and well-being matters were considered in 
isolation. Wetland managers will therefore need to consider the positive or negative 
effect of their actions on wetland ecosystems and on human health and well-being. 
The last section of the chapter will provide some instruments and approaches that 
will allow wetland managers to assess the possible implications of their actions on 
human health and well-being.

The interventions that are presented cover policy and practice and were derived 
from recent international investigations, in particular the Millennium Ecosystem 
Assessment (MEA 2005), the Global Environment Outlook (UNEP 2007, 2012), 
the 2nd UN World Water Development Report (2006) and the Comprehensive As-
sessment of Water Management in Agriculture (Molden 2007). Further, the Health 
in All Policy (Kickbusch et al. 2008; Adelaide Statement on Health in all Policies 
2010) was also used to demonstrate the locus of some of these issues within the 
wider health sector.

Changing Attitudes and Perspectives

(Horwitz et  al. 2012) point out that the above mentioned compendia and policy 
agendas repeatedly emphasise two important points about ecosystem change and 
human well-being: proposed response and intervention themes are often common 
across different sectors, yet many of the possible response options to human health 



196 P. Horwitz et al.

and ecosystem change lie primarily outside the direct control of the wetland sec-
tor, and the health sector. Rather they are embedded within other sectors, including 
sanitation and water supply, education, agriculture, trade, tourism, transport, devel-
opment, and housing. Because of this they placed a lot of emphasis on the impor-
tance of identifying key partners and stakeholder groups needed to achieve appro-
priate outcomes. To be most effective, wetland policy-makers will need to ‘create a 
space’ to enable integration across partners and other interest groups to ensure the 
potential health impacts of ecosystem change are reduced. Integrated approaches, 
and the creation of spaces for partners and stakeholders are part of the mix needed 
to address existing social values and cultural norms, existing infrastructure and the 
social, economic, and demographic driving forces that result in ecosystem change. 
These driving forces don’t just produce changes in ecosystems, they are themselves 
a product of them in a reciprocal and interdependent manner.

Using systems thinking, wetland managers realize that there are consequences 
of their actions, and undertake these actions knowing about them, notwithstanding 
the fact that they live in a complex and uncertain world. (Horwitz et al. 2012) sug-
gested the following four attitudinal changes to assist wetland managers realize the 
consequences of their actions:

  I.	 Where trade-offs are being made, they need to be considered and valued accord-
ing to principles of sustainability and equity rather than ignored or dealt with 
based on partial economic or financial terms only.

 II.	 It is not acceptable to reason that we can manage wetlands for biodiversity 
alone; in fact to do so, as argued in this chapter, will be counterproductive. 
A people-centred approach in wetland management, based on a conceptual-
ization of these ecosystems as coupled social ecological systems can help in 
identifying pathways which do not diminish the importance of biodiversity, 
also help achieving co-benefits of sustainable ecosystem management and the 
Millennium Development Goals (MDGs). [“Social ecological systems” make 
explicit the complex linkages between human behaviour and organisation, and 
the biophysical world. In fact the linkages are so intertwined that the system 
becomes ‘self organised’ to deal with the phenomena that emerge from the 
relationships.]

III.	 Resolving matters of trade-offs across levels of human involvement from the 
personal to the global, is achievable with dialogue, using a deliberative rather 
than hierarchical approach, to ensure that more powerful forces do not margin-
alize the local interests of people.

IV.	 Identifying principal partners and responsible stakeholder groups, often across 
disciplines and between sectors where barriers and boundaries exist, requires 
a particular form of engagement that wetland managers need to develop as 
part of their skill set: patience, tolerance of these ‘others’ and a willingness to 
reciprocate.

The attitudes and perspectives outlined in the text above are shown pictorially in 
Fig. 1.
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Thinking About Trade-Offs

The Comprehensive Assessment of Water Management in Agriculture (Molden 
2007) identified a number of big trade-offs, all controversial and potentially pro-
vocative, and inherently paradoxical. One of them comprises a trade-off between 
human populations whereby the need to address and solve particular human health 
issues could lead to an increase in population and place further pressure on lo-
cal resources, potentially causing other forms of human suffering. Trade-offs are 
a common feature of the complexity that characterizes social ecological systems 
and can result in either virtuous or vicious cycles with the former comprising soci-
etal benefits that reinforce the decision-making, and the latter comprising decision-
making that makes societal conditions worse. Resolving the intricacies associated 
with human population trade-offs cannot be done through simple formulae, instead 
flexible, innovative and adaptive approaches are needed.

A further trade-off identified by the Comprehensive Assessment (Molden 2007) 
can occur when equity and productivity issues are considered together. In particular 
the trade-off occurs when the promotion of equitable, nutritious and environmen-
tally benign agriculture is not as productive as more efficient or production-oriented 
forms of agriculture that tend to favour the wealthy or larger agricultural enterprises 
rather than the poorer members of society. This situation can also lead to an inter-
generational trade-off whereby tensions occur between providing for the quality of 
life for the current generation at the expense of the next, or indeed, vice versa.

High on the list of trade-offs identified by Molden (2007) was the need to deter-
mine whether water should be stored for agriculture or be reallocated for environ-
mental purposes, largely to help restore rivers and their floodplains. A further part 
of this trade-off comprises decisions about how much water should be allocated 
to either, and whether or not a reallocation would result in an overallocation and 
have effects upstream or downstream. Hence, trade-offs about water allocations 
also encompass decisions about the reallocation or overallocation of water and to 
what extent decisions are needed about upstream causes and downstream effects, 
and who benefits or loses.

A key trade-off when considering the interactions between people and wetlands 
is where ecosystem services that support particular health or well-being outcomes 

Fig. 1   Attitudes and 
perspective shifts required 
for wetland managers to 
ensure that the human health 
consequences of their actions 
are adequately considered in 
policy and practice. (Adapted 
from Horwitz et al. 2012)
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are disrupted when another set of services are enhanced to favour different health 
or well-being outcomes. A conspicuous and paradoxical example occurs when a 
provisioning service, such as using water from a wetland to benefit human well-
being, is favoured over a regulating service with negative consequences for hu-
man health (Horwitz and Finlayson 2011). (Rodriguez et al. 2006) classified such 
trade-offs along the following three axes: a spatial axis to show whether the effects 
of the trade-off are felt locally or at a distant location; a temporal axis to show 
whether the effects occur relatively rapidly or slowly; and an axis to show the re-
versibility of the trade-off, or the likelihood that a service will be extinguished and 
unable to return to its original condition should management activities focus on 
other services. (Rodriquez et al. 2006) further emphasized the importance of politi-
cians, regulators, and the public understanding the consequences of trade-offs and 
of taking one path in preference to another. Recognising the potential for trade-offs 
is the important first step in understanding and modeling consequences under dif-
ferent scenarios, for each of the axes outlined by (Rodriguez et al. 2006). Once the 
potential for trade-offs has been recognized the central concern is the process by 
which the trade-offs and their consequences are negotiated, including ensuring the 
inclusion of components to support transparency and access to information, as well 
as engagement with the core interests of other relevant sectors, and enabling mar-
ginalised stakeholders to be represented.

Contributions to the Millennium Development Goals

The complementarities that exist between ecosystem services and the benefits they 
provide for human health and well-being are achievable when wetland managers 
and policy-makers make a contribution towards the Millennium Development Goals 
(MDGs). This is particularly the case when considering the close relationships that 
occur between food production, hunger and poverty, climate change, water use 
and extraction, and wetland management, as shown in Table 1 (which was adopted 
from Horwitz et al. 2012) and compiled using material presented in (Molden 2007; 
UNEP 2007; UN WWDR 2006) and as otherwise indicated).

The Millennium Development Goals (MDGs) were adopted by the United Na-
tions in 2000 through the Millennium Declaration with the aim of improving the 
lives of people around the world, particularly the most vulnerable and disadvan-
taged. The MDGs included specific targets for the year 2015 to help lift people 
out of poverty, save lives, ensure adequate childhood education, reduce maternal 
deaths, and expand opportunities for women and girls through empowerment. As 
pointed out by Horwitz et al. (2012) the MDGs are directly relevant to the manage-
ment of wetlands and water resources with a focus on ensuring access to clean water 
and alleviating the burden of deadly and debilitating diseases. They further promote 
sustainable development and protect the most vulnerable from the devastating ef-
fects of multiple crises (United Nations 2011); targets that are intricately associ-
ated with the wise use concept of the Ramsar Convention (Finlayson et al. 2011) 
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Millennium Development 
Goals (MDGs)

How will intervening in dis-
ruption to wetland ecosystem 
services improve human 
health and help address the 
MDGs?

Systemic consequences: 
where will addressing MDGs 
need to be aware of the 
relationship between human 
health & wetland health?

1. Eradicate extreme poverty 
& hunger

Food security of the poor 
often depends on healthy 
ecosystems & the diversity 
of ecosystem services they 
provide. Diverse wetland eco-
systems are self-sustaining & 
provide the essential genetic 
material for aquaculture & 
horticulture.
Sustainable livelihoods by 
definition seek to ensure that 
the core requirements of food 
& water are provided to those 
dependent on the provisioning 
of wetland ecosystems

The challenge for irrigated 
agriculture is to improve 
equity, reduce environmental 
damage, increase ecosystem 
services, & enhance water & 
land productivity in exist-
ing & new irrigated systems 
(Molden 2007).
Improving productivity should 
not be at the expense of other 
ecosystem services. If it is, the 
human, animal & plant health 
consequences of ecosystem 
disruption will occur in full 
or in part due to a range of 
both direct & indirect impacts, 
the latter as a result of altered 
health status of livestock & 
wildlife

2. Achieve universal primary 
education

Wetland management needs 
to address the disruptions to 
ecosystem services that result 
in water-related diseases.
Water-related diseases such 
as diarrheal infections cost 
about 443 million school days 
each year, diminish learning 
potential & reduce the coping 
capacity of local populations 
for current predicaments & 
future ecosystem changes

Primary education should 
include knowledge of health, 
water & energy issues at least 
(a fundamental necessity for 
urban dwellers who have 
become more alienated from 
their surroundings than at any 
stage in history).
Education services can have 
tendencies to resist increases 
in attention to such environ-
mental issues at the expense 
of other subjects

3. Promote gender equality & 
empower women

Addressing degradation in 
wetlands, such as water con-
tamination & deforestation, 
will contribute to the health 
of women & girls. Women & 
girls bear the brunt of collect-
ing water & fuelwood & are 
more vulnerable members of 
populations to water-borne 
diseases

Improved wetland manage-
ment should involve women 
& girls in a meaningful way, 
perhaps by recognizing that 
women can play greater roles 
in wetland management than 
they currently do. “Wetland 
managers”, as professions, 
tend to be dominated by men. 
Decision-making structures 
for water resource manage-
ment, wetland management, & 
agriculture are also gendered 
in many parts of the world. 
These may operate as barriers 
to achieve this Goal

Table 1   Ways in which wetland management can contribute to the achievement of the Millennium 
Development Goals. (from Horwitz et al. 2012) with minor modifications)
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Millennium Development 
Goals (MDGs)

How will intervening in dis-
ruption to wetland ecosystem 
services improve human 
health and help address the 
MDGs?

Systemic consequences: 
where will addressing MDGs 
need to be aware of the 
relationship between human 
health & wetland health?

4. Reduce child mortality Wetland management will 
become an essential opera-
tional requirement to reduce 
exposures to waterborne 
diseases, such as diarrhoea & 
cholera. Prevalence of these 
diseases is a result of disrup-
tion of regulatory services (as 
a result of over-extraction & 
inappropriate practices)

Interventions such as water 
treatment facilities (often 
through aid provision) will 
usually be technological & 
infrastructural in the short 
term to address immediate 
needs. However the medium- 
to long-term goal should be 
the management of wetland 
ecosystems to ensure that 
they can provide suitable 
water purification & pathogen 
removal services

5. Improve maternal health Addressing disruptions to 
wetland ecosystem services 
will always include an exami-
nation of water quality. Provi-
sion of clean water reduces 
the incidence of diseases that 
undermine maternal health & 
contribute to maternal morbid-
ity & mortality

Improving the quality of 
source water from catch-
ments, reservoirs & wetlands 
in general, & distribution 
infrastructure, may reduce 
disinfection loads & the likeli-
hood of maternal exposures to 
these loads

6. Combat major diseases Up to 20 % of the burden of 
disease in developing coun-
tries may be associated with 
environmental risk factors.
Preventive environmen-
tal health measures are as 
important & at times more 
cost-effective than health 
treatment. Managing wetlands 
to enhance ecosystem services 
with the aim of reducing the 
likelihood of human exposures 
to pollutants & infectious 
diseases is preventive, attend-
ing to upstream environmen-
tal determinants of health. 
New biodiversity-derived 
medicines hold promises for 
fighting major diseases

Increasing human population 
sizes as a consequence of 
successful disease preven-
tion measures may also 
increase pressure on local 
water & wetland resources. 
Wetland management needs 
to act in concert with water 
resource management to 
deal with these foreseeable 
consequences, for instance by 
increasing awareness & thus 
changing behaviour, & by 
incorporating the concept of 
ecosystem services in preven-
tion strategies.
This management needs to 
be integrated with regional 
population policies, domestic 
livestock & wildlife policies 
(to reduce risk of emerg-
ing zoonoses), education & 
awareness

Table 1  (continued)
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including when addressing climate change (Finlayson 2011) and poverty reduction 
(Kumar et al. 2011).

Attempts to achieve the goals and targets of the MDGs have received more at-
tention as shown by Horwitz et al. (2012) with the following quotation “At the 2010 
High-level Plenary Meeting of the General Assembly on the Millennium Develop-
ment Goals, world leaders reaffirmed their commitment to the MDGs and called for 
intensified collective action and the expansion of successful approaches” (United 
Nations 2011, p. 5]. Contributions by the wetland sector to achieving the MDGs 
were foreseen as occurring along two general directions (Horwotz et al. 2012). The 
first entailed interventions to halt the ongoing disruption to wetland ecosystem ser-
vices so as to provide opportunities to help to improve the health of humans, and 
that of domestic and wild species (see column two in Table 1). The second com-
prised an analysis of the systemic consequences of steps for achieving the MDGs 
(see column three in Table 1). In particular this recognized that interventions in sup-

Millennium Development 
Goals (MDGs)

How will intervening in dis-
ruption to wetland ecosystem 
services improve human 
health and help address the 
MDGs?

Systemic consequences: 
where will addressing MDGs 
need to be aware of the 
relationship between human 
health & wetland health?

7. Ensure environmental 
sustainability

Current trends in environ-
mental degradation need to be 
reversed in order to sustain the 
health & productivity of the 
world’s ecosystems.
Wetlands, & the biodiversity 
they support, encompass many 
of the key ecosystems of the 
world & many of the most 
productive ones. Wetland 
management applies directly 
to this Goal

Development strategies that 
aim to safeguard the full range 
of benefits provided by wet-
lands might better achieve the 
Goal while minimizing harm 
to wetlands.
This requires recogniz-
ing the trade-offs that exist 
when managing for some 
ecosystem services like those 
concerned with production, 
while trading-off supporting & 
regulating services

8. Develop a global partner-
ship for development

Poor countries need to exploit 
their natural resources, like 
wetland ecosystems, to raise 
revenue to meet debt repay-
ments. Inequitable globaliza-
tion practices result in harmful 
side effects in countries that 
often do not have sufficiently 
effective governance regimes 
to counter these

Trade, tourism & migrations 
of species are often transcon-
tinental. Meaningful wetland 
management acknowledges 
that pests & pathogens 
capable of decreasing eco-
system services & having 
consequences for the health 
of local human, domestic & 
wildlife communities can be 
distributed by inappropriately 
planned & controlled human 
activities. This needs appro-
priate recognition in global 
partnerships for development

Table 1  (continued) 
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port of the MDGs, improving human health, and enhancing the ecosystem services 
from wetlands may not be mutually beneficial—instead systemic effects, such as 
cross-scale interactions and the consequences of feedbacks may undermine or even 
negate the original objectives. Thus activities by the international and national com-
munities and by sectors other than wetland management need to be aware of and 
understand the systemic nature of the relationships. They also need to be aware of 
the paradoxical outcomes that can exist between these objectives and maintaining 
the health of wetland ecosystem (Horwitz and Finlayson 2011). The potentially 
negative consequences of these paradoxes are often foreseeable, and are not neces-
sarily a reason to avoid actions to achieve the MDGs; rather, they provide a signal 
to understand the consequences and to consider them in decision making.

An understanding of the consequences of the trade-offs that occur among dif-
ferent wetland ecosystem services and the need for collaboration and cooperation 
across sectors is critical for determining and designing actions that can support the 
MDGs. As an example, and as documented in the Millennium Ecosystem Assess-
ment (2005) it is not uncommon for activities that are designed to increase food pro-
duction and reduce poverty to also result in the conversion of marshes to agriculture 
and mangroves to aquaculture, as well as lead to a significant increase in the use of 
agrochemicals to increase production. At the same time these activities will lead to 
a reduction in habitat quality and area and the magnitude of the ecosystem services 
provided by the original habitat, as well as an increase in water pollution, the loss 
of the water filtering service formerly provided by the wetlands, and the removal 
or diminishment of other ecosystem services provided by mangroves, including 
protection from storm surges, the supply of charcoal and timber for construction, 
and the degradation or loss of fish habitat, on which local residents may have relied 
for everyday purposes. These outcomes, even if inadvertent could impede steps to 
achieve the goal of improved water and sanitation, and potentially increase poverty 
by undermining some of the benefits formerly available to some groups. In contrast, 
an approach that safeguarded the range of benefits provided by the wetlands may 
have more beneficial outcomes and minimise harm to the wetlands.

Deliberation in Managing Trade-Offs

As many ecosystem services are seen as public goods that provide benefits to so-
ciety there is widespread acceptance that society overall is better served if they 
are maintained, even if there are only small numbers of people who individually 
or collectively, or privately and exclusively benefit from them (MEA 2005). This 
raises concerns, both ethically and normatively, about the social rights and wrongs 
concerning their management, including the role and importance of dialogue in 
fully appreciating the impacts of alternate management choices. These issues were 
raised by Horwitz et  al. (2012) who recognized that the heterogeneity of power 
structures, unequal social positions and differential strengths in political bargaining 
processes could inhibit rational decision making and lead to marginalization and 
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the creation of imposed choices. They further supported the general principle that 
wherever common goals were needed they should be worked out in a manner and 
by processes wherein each individual was fairly represented with deliberation play-
ing an important role in managing trade-offs. As deliberation requires individuals 
to move beyond private self-interest there is a greater likelihood of achieving out-
comes based on both social equity and political legitimacy (Elster 1997). Unfortu-
nately value-laden trade-offs and cost-benefit analysis often fall short of delivering 
social equity.

In an effort to increase deliberation and ensure participation in decision making, 
a variety of approaches have been designed and employed, ranging from consulta-
tion as an information gathering exercise to full engagement with responsibility 
for making decisions (Arnstein 1969). Stakeholder engagement is one of the most 
commonly used techniques, often with small focus groups being used to obtain de-
liberative solutions. Other authors have recommended using a mix of approaches, 
such as social multi-criteria analysis and mediated modelling (Kallis et al. 2006; 
stagl 2007).

Though appealing, deliberation, especially stakeholder engagement, is not al-
ways simple. Stakeholders can be difficult to engage (Artz 2005), especially where 
they have power within existing processes and want to protect this, or have prior 
expectations from the institutions involved. Further to these difficulties wetland 
managers and health service providers need to accept that the outcomes from dif-
ferent consultation processes may not be the same, and have a strong sense of real-
ism about the social nature of local politics in particular. Strong willed and clever 
opinion makers can readily lead dialogue in specific directions, and consensus can 
be a tool to silence dissent or limit the input of specific groups. In some instances it 
may be as useful to explain, explore and respect rather than remove dissident views 
in an attempt to achieve consensus (Spash 2007).

Engaging with Other Sectors

A sector is generally seen as a level of society that shares a common set of goals, 
represented by its own language, and with agreed approaches and behaviours. In 
this respect, the wetland sector will be different to the health sector, and the private 
sector will be different to the public sector. Further, the different levels of govern-
ment are represented by different sectors—the local and the national government 
sectors. Each sector tends to develop their set of responsibilities in a hierarchical 
manner with resources distributed and power relationships established accordingly. 
They further develop their own languages and patterns of behaviour around their 
core business, although they may overlap, at times to a considerable extent. As an 
example, water, sanitation and hygiene are often referred to as a sector with over-
laps with other sectors, including public works, energy and nutrition. In order to 
manage the global disease burden associated with the water, sanitation and hygiene 
sector the other sectors must be engaged to act at both a policy level and on their 
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specific activities. These other sectors manage or have influence over the manage-
ment of both the determinants of health (e.g. managing the water levels in a dam) 
as well as their direct actions (e.g. maintaining safe water and sanitation in work-
places), but differ in other spheres of their activity and emphasis. Another example 
is provided by the overlapping and different responsibilities of the water resources 
and the wetland sectors.

Governance structures are the main mechanisms for maintaining these sec-
tors and imposing boundaries that need to be negotiated between sectors, with the 
boundaries being most expressed at ‘middle-management’ where sectoral territo-
ries are most defended. Closer to the operational level where interaction with local 
interests is likely to be easier there are often on-the-ground and action-oriented 
practices that already operate across sectors; these should be encouraged and sup-
ported through governance structures and policies. There may though be a problem 
of circularity where there can be a reinforcing and almost irreconcilable tension 
between maintaining the sanctity of the territory (the sector) and the practicality of 
getting the job done.

Cross-sectoral actions need to overcome the boundaries that are created (and 
often defended) between sectors, necessitating reciprocity, mutual understanding 
and respect. The imperative for wetland policy-makers is to establish ways in which 
they can engage with the health sector, while understanding the demands that soci-
ety places on the health sector, and articulating wetland management needs using 
an inclusive, perhaps even co-constructed, language, with the assumption that the 
engagement will be reciprocated. Identifying common areas and overlap provides 
an opportunity to construct a potentially powerful way of establishing links between 
sectors as disparate as wetlands and public health. An agenda that supports the co-
benefits of healthy ecosystems and healthy people was identified through the set-
tings approach (Horwitz and Finlayson 2011) and is elaborated below.

Policy Level Responses and Interventions

Horwitz et al. (2012) provided a synthesis of some proposed policy interventions 
of relevance for enhancing wetland ecosystem services and human health based 
on information derived from previous and recent international investigations. In 
most cases the policy interventions that were identified were non-specific and non-
targeted. Their application can be broad provided that the context is taken into ac-
count and the particularities are specified. The responses that were identified ranged 
from: promoting cross-sectoral governance and institutional structures; promoting 
rationalized incentive structures; social and behavioural responses which included 
capacity building, communication and empowerment; and technological solutions 
for enhancing the multi-functionality of ecosystems.

The information from the synthesis was used to identify appropriate mechanisms 
that would enable health costs to be satisfactorily included into wetland manage-
ment (Fig. 2).
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Institutions and Governance

As discussed above (Horwitz et al. 2012) have identified the considerable potential 
that exists to build on currently used social frameworks that focus on deliberative 
and collective, often involving multiple numbers of stakeholders, approaches to 
support the objectives of achieving both public health and ecosystem management 
objectives. There is a consensus that to meet these objectives society needs to de-
velop governance processes based on adaptive management, social learning, and 
cross-sectoral engagement in institutional agendas. This is consistent with the view 
expressed in the Adelaide Statement on Health in all Policies (2010) that boundaries 
between sectors, disciplines, communities and cultures can be transcended through 
place-based settings for social learning and action.

Society will also need to develop suitable institutional and governance frame-
works that can build trust, social cohesion and reduce inequalities if watershed man-
agement is to both enhance ecosystem services and improve the environmental and 
social determinants of health. While the design principles for long-enduring natural 
resource management organisations identified by Ostrom (1990) has relevance for 
developing such frameworks Falkenmark and Folke (2002) have summarised a set 
of governance imperatives for this purpose:

•	 securing of social acceptance of measures that are considered necessary and limit 
the earlier degrees of freedom;

•	 arrangements for resolution of dispute between stakeholders with incompatible 
interests;

•	 attention to existing nestedness between both catchments and subcatchments on 
the one hand and between ecosystems on the other.

These imperatives are reflected in the World Water Development Report (2006) that 
deals with steps needed to promote and protect human health; in particular it recom-
mended that the starting point for governance needed for the planning, development 
and management of water resources at the river basin level was the multiple uses 
and multiple users of water. It also recommended the promotion and adoption of 

Fig. 2   Policy shifts and 
interventions to enable 
wetland practices to accom-
modate the notions associated 
with ecosystem services and 
human health. (Adapted from 
Horwitz et al. (2012))
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the principle of subsidiarity in the governance of water resources whereby a larger 
and greater body should not exercise functions which can be carried out efficiently 
by one smaller and lesser, but rather the former should support the latter and help 
to coordinate its activity with the activities of the whole community; (Mele 2004).

The Millennium Ecosystem Assessment (2005) and the Global Environment 
Outlook (UNEP 2007) re-iterated the importance of developing institutional frame-
works that promoted a shift away from highly sectoral resource management ap-
proaches to more integrated approaches. It was also recognized that integrated ap-
proaches would require collaboration across sectors within government, and coor-
dination between agencies to ensure coherence in international negotiations, and 
then into the many steps needed for the development of national policy. There is 
a recognized “…need for a new contract between all sectors to advance human 
development, sustainability and equity, as well as improve health outcomes. This re-
quires a new form of governance where there is joined-up leadership within govern-
ments, across all sectors and between levels of government.” (Adelaide Statement 
on Health in all Policies (2010); see also Kickbusch 2008).

An interesting theme identified from the abovementioned reports was the paral-
lel recognition by the environment sector and the health sector of the need to de-
velop ways to respectively integrate ecosystem management goals and public health 
goals within other sectors and within broader development frameworks. Similarly, 
the environment and health sectors were both making broadly-based calls in sup-
port of greater transparency and accountability from government and private-sector 
organisations that were involved in making decisions that affected ecosystems and 
human health, including an emphasis on the increased involvement of stakeholders 
in decision-making.

Integrated and adaptive management approaches were seen as fundamental in 
achieving social and economic development goals, rather than single issue, com-
mand-and-control regulatory approaches, when working for the sustainability of 
aquatic ecosystems to meet the water resource needs of future generations. To be 
effective, such approaches needed to consider the linkages and interactions that 
occurred between hydrological systems that extended across multiple “boundar-
ies,” whether geographic, political or administrative. Ecosystem-or nature-based 
management approaches also provide a basis for cooperation in addressing com-
mon water resources management issues, and further provide a way to prevent such 
issues from becoming sources of conflict between countries or regions (Schoeman 
et al. 2014).

Economics and Incentives

Assessments of human behaviour and the development of incentive systems have 
been central to societal efforts to ensure the provision of wetland ecosystem ser-
vices. Valuation is an important means of expressing linkages of human societies 
with wetlands, their ecosystem services and biodiversity (see Box 1). Given the val-
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ues people hold for wetlands efforts to make the link between the economy and the 
environment more explicit could have important outcomes for ecosystem services.

Market-Based Instruments (MBIs) can play an important role in decision making 
processes by integrating the costs associated with the loss of value from degrad-
ed ecosystem services and using these to influence the behaviour of citizens and 
companies. There is an increasing level of experience that has shown that positive 
incentives for continual innovation and improvement can be created by the use of 
well-designed market based instruments to support environmental goals at less cost 
than many conventional “command and control” approaches (Stavins 2000). An 
increased emphasis on market-based or financial instruments within the conserva-
tion and development sectors is a part of an expanding shift in policy based on the 
success that markets can have in inducing changes in behaviour at an individual and 
institutional level in a cost effective manner.

Horwitz et al. (2012) have pointed to the growing focus on the use of the eco-
nomic contributions from ecosystem services to design incentive systems wherein 
external beneficiaries can make direct, contractual and conditional payments to lo-
cal landholders for adopting practices that ensure continued provision of these ser-
vices (see for example, Wunder (2005). These mechanisms are increasingly being 
grouped under the general term of ‘Payments for Ecosystem Services’ (PES) and 

Box 1: On Valuation
The term ‘value’ has been ascribed a range of meanings, with a particular 
emphasis on economic valuation in the context of considering wetlands and 
health interactions. In particular the emphasis is on a subset of valuation 
approaches which reflects the choices people make about financial and natu-
ral resources given a multitude of socio-economic conditions as preferences, 
distribution of income and wealth, the state of natural environment, produc-
tion technologies and expectations of the future (Barbier et al. 2009).

Economics uses valuation approaches, such as those described by de Groot 
et al. (2006) for wetlands, to provide society with information on the relative 
scarcity of resources. Economic valuation, which is an anthropocentric and 
utilitarian subset of valuation approaches, is used to help unravel the com-
plexities of socio-ecological relationships, make explicit how decision mak-
ing affects the value of ecosystem services, and to express changes in these 
values in units that enable their incorporation into public decision making 
(Mooney et al. 2005). However, recognizing and being aware of economic 
values is only the first step towards attitudinal changes for wetlands. Given 
the public good characteristics of most of the ecosystem service categories, 
mechanisms and management approaches are required for capturing eco-
nomic values in real-life decision making.
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represent one of the important developments for linking the valuation of ecosystem 
services to incentive systems that promote the sustainable use of ecosystem ser-
vices. Their application to date has been largely focused on carbon sequestration, 
watershed management and biodiversity conservation (see Box 2 for examples). 
Through an emphasis on stakeholder-led management and sustainable financing 
they are increasingly providing a significant tool for addressing wetland loss and 
degradation. Many of the services that have been considered for PES schemes occur 
at a landscape scale, with many provided by watersheds and wetlands.

The payments from such schemes, as with the development of water markets and 
water-pricing, will need to occur in conjunction with steps to improve or change the 
allocation of rights to freshwater resources to align the payments with conserva-
tion needs (Finlayson et al. 2005), and the elimination of subsidies that promote 
excessive use of ecosystem services, and, where possible, enable the subsidies to 
be transferred to support those services that are not readily included within market 
mechanisms (MEA 2005).

The Millennium Ecosystem Assessment (2005) identified a number of other 
economic instruments and market mechanisms with the potential to enhance the 
management of ecosystem services including the imposition of user fees or taxes on 
activities with “external” costs or trade-offs that are not accounted for in the mar-
ket, the creation of markets, including those dependent on a cap-and-trade systems, 
and mechanisms that encouraged consumer preferences to be expressed through 
markets.

Poor communities in developing countries face particular challenges for invest-
ing in wetland ecosystem services if they are entangled in a poverty trap: in order 
to meet short term and critical livelihood needs they can be forced to unsustainably 
exploit their environment, eroding the critical life support services such as fisheries, 
timber, soil fertility and freshwater provision, and entrenching the living conditions 
associated with their poverty. In response to these dire circumstances a biorights 
financing mechanism that links poverty alleviation and environmental conserva-
tion has been developed (van Eijk and Kumar 2009). In return for the provision of 
microcredits, local communities are encouraged to engage in ecosystem protection 
and restoration of the processes that support ecosystem services, with the micro-
credits being converted into definitive payments on successful delivery of services. 
Successful applications of biorights include mangrove restoration in Java, tsunami 
affected areas in Aceh, and waterbird conservation in Inner Niger Delta, Mali.

While such approaches are promising and have been increasingly promoted, 
some recent developments in institutional economics have challenged the percep-
tion that markets provide an optimal mechanism for resource allocation, and instead 
consider markets as just one mechanism in amongst a multitude of institutional and 
cooperative arrangements and hierarchies that can be used to guide decision mak-
ing and resource allocation (North 1990; Williamson 1985; Stiglitz 1986). Thus, 
market based instruments are just part of the range of options that are available to 
communities, decision makers and policy planners. This provides opportunities for 
engaging with the economic sectors that can influence risk distribution within soci-
ety. As an example, the role of wetlands as natural infrastructure that can buffer at 
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least some of the impacts of uncertainty imposed by climate change and anthropo-
genic pressures alike could be included in risk mitigation strategies; given that the 
benefits and risks were better communicated and known to key players. Similarly, 
financial arrangements could be used to ensure the transfer of a segment of the ben-
efits derived by economic sectors from the functioning of healthy ecosystems, into 
their long term conservation and management, and possibly restoration.

Valuation thereby constitutes an important component of strategies to address 
wetlands—human health interlinkages, including by acting as a tool for self-re-
flection, and alerting us to the consequences of our choices and behaviour on the 
various dimensions of human capital (Zavestoski 2004). In this sense valuation is an 
important institutional mechanism to engender change in the way societies respond 
to the problems caused by the ongoing loss and degradation of wetlands. However, 
in order to play this role efficiently, the valuation processes need to be credible tools 
for achieving economic efficiency, but also for ensuring social fairness and ecologi-
cal sustainability. Various authors have commented that the outcomes of any valua-
tion process depend on what stakeholders value, whose values count and why, who 
benefits, and the manner in which the interlinkages between social and ecological 
are accounted. It is also increasingly recognized that the values and the processes 
used for valuation reflect socially and culturally constructed realities that are linked 
to worldviews, mind-sets and belief systems shaped by social interactions, as well 
as political and power relations operating within a realm of local, regional and glob-
al interdependencies (Wilk and Cliggett 2006; Hornborg et al. 2007). It is thereby 
pertinent that ecological as well as social contexts are adequately considered and 
captured in approaches for assessing and capturing values.

Box 2: Examples of Public Private Partnerships for Water Quality—Payments 
for Ecosystem Services (from Horwitz et al. (2012))
“In 1992 the Société des Eaux Minérales d’Evian joined with the French 
government to found an organisation to protect the catchment area of the 
natural spring experimenting with more environmentally friendly farming 
practices, expanding the nearby sewers, and ensuring regulatory compliance 
by livestock holdings. The Société now supports two thirds of the conserva-
tion costs in the catchment. Similarly Vittel pays US$ 230/ha to farmers to 
support sustainable agricultural practices within the catchments of its water 
sources; this is cheaper than constructing filtration units (Smith et al. 2006; 
Perrot-Maître 2006). The Los Negros scheme in Bolivia focuses on watershed 
and biodiversity protection where the Pampagranade Municipality pays Santa 
Rosa farmers for forest and páramo conservation (Asquith et al. 2008). The 
central government of China initiated the Sloping Land Conversion Program 
focussing on watershed protection where the central government pays rural 
households for cropland retirement and afforestation (Bennett 2008).”
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Social and Behavioural Approaches

Wetland managers, particularly those with prior experience, will know that different 
approaches are available when planning or implementing an intervention, generally 
involving different instruments and forms of engagement. Choosing the most ap-
propriate approach may in some instances be at least as important as the expected 
outcome of the intervention. For instance plans to improve water sanitation are 
more likely to succeed following the appropriate participation of parents, particu-
larly women, in local communities in the planning and implementation of these 
plans. Most, if not all, interventions of this nature will involve steps that affect the 
water resource itself.

Falkenmark and Folke (2002) emphasised the importance of social learning in 
water-related matters, including the roles of participation, empowerment, commu-
nication and education. They further directed attention away from seeing water-
related matters as technical issues in isolation of other social factors. Ivey et  al. 
(2004) proposed five questions that could help outline the capacity of a particular 
community to deal with water-related matters (specifically climate-induced water 
shortages):

•	 Are community stakeholders aware of the potential impacts of water shortages 
on human and ecological systems?

•	 Are local water management agencies perceived by community stakeholders as 
legitimate?

•	 Do local water management agencies and related organizations communicate, 
share information, and coordinate their activities?

•	 Is there an agency providing leadership to local water management organiza-
tions?

•	 Are members of the public involved in water management decision-making and 
implementation of activities?

The factors that place populations at risk (such as poverty and high burdens of dis-
ease) will in many cases also impair the capacity of these populations to respond in 
an adequate manner for the immediate and longer time periods. Wetland managers 
therefore need to be involved in building the coping capacity of such populations 
and recognise that appropriate responses will occur across community, national or 
regional levels.

There is an increasing realization that the limitations of traditional regulatory 
approaches have led to the introduction of approaches based on more participation, 
such as demand management and voluntary agreements. To be successful these will 
necessitate education and public involvement, including calls for greater literacy 
about water management: the latter will require public education curricula at all lev-
els to vigorously address the issues of the water environment, and be supported by 
awareness campaigns (Falkenmark et al. 2007). In line with deliberative approaches 
mentioned above more attention should be directed towards the manner in which 
stakeholders are involved. An educated and more involved population will be more 
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effective in addressing the weaknesses or even failures of government and better 
able to hold institutions to account. Similarly, the empowerment of groups particu-
larly dependent on ecosystem services or affected by their degradation, including 
women, indigenous people, and young people, will improve the likelihood of better 
management of the ecosystems that provide those services (MEA 2005).

Technological and Other Cognitive Responses

As part of the Comprehensive Assessment of Water Management in Agriculture 
Falkenmark et  al. (2007) argued that outdated and outmoded irrigation systems 
needed to be reconfigured and adapted in order to support steps to reduce poverty 
in rural areas, to keep up with global demand for agricultural products, including 
adapting to changing food preferences and societal demands, to adapt to urbaniza-
tion, industrialization, and increasing allocations to the environment, and to respond 
to climate change. Technologies that increased crop yields without harmful impacts 
related to water, nutrient, and pesticide use (MEA 2005) were seen as necessary for 
the future sustainability of agriculture.

Establishing programmes to restore ecosystem services in these ways was a ma-
jor recommendation from the Millennium Ecosystem Assessment (2005). In mak-
ing this recommendation it was recognised, for example, that ecosystem restoration 
could reduce the incidence of some water-borne diseases, but could also lead to an 
increase in the incidence of others (Horwitz and Finlayson 2011). This negative 
aspect could be countered by improved understanding of the ecological require-
ments of disease vectors, and by incorporating this knowledge into wetland restora-
tion projects, and adapting technical approaches accordingly. The 2nd UN World 
Water Development Report (2006) recommended the following three interventions 
at the policy level, namely the need to: (i) introduce the use of available tools for 
estimating costs and benefits of different drinking water and sanitation options ini-
tially at the national and subsequently at lower levels of governance; (ii) promote 
intervention studies that provide scientific information and help strengthen the evi-
dence base on the effectiveness of environmental management methods for control 
of water-associated vector-borne diseases, and develop a toolkit for environmental 
managers in this area; and (iii) refine the correlations between water indicators and 
the indicators for childhood illness/mortality and nutritional status, the importance 
for accelerated access to safe water and adequate sanitation, and better Integrated 
Water Resources Management (IWRM) practices.

Evaluating Wetland Management Interventions on the Basis of 
Health and Well-Being Outcomes

Horwitz et al. (2012) proposed that a particular and critical approach to managing 
wetlands for both their ecosystem services and for human health required the devel-
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opment of evaluation processes for interventions that appropriately accounted for 
both. Hence, the evaluation of wetland management interventions needed methods 
that could be used to value the specific health and well-being outcomes obtained 
by maintaining or restoring ecosystem services. While theoretical frameworks have 
been developed for assessing the costs of health outcomes due to the degradation 
and disruption of ecosystem services these have not been widely applied to wet-
lands. Conventional practice separates health effects into two broad categories—
mortality and morbidity. There is a growing realization of the need and benefits that 
could come from applying these frameworks to other health outcomes.

Mortality

Economic approaches to valuing reduced mortality are based on the trade-offs made 
by individuals or government policy makers in relation to the probability of death 
and other goods having monetary value. The willingness of an individual to pay for 
a reduction in the probability of death, or the willingness to accept compensation 
where the probability may be increased has been proposed as a basis for valuation 
(Schelling 1968; Bailey1980). An individual’s willingness to pay (WTP) for chang-
es in the probability of his or her death can be translated into a more convenient 
figure for evaluating policies that reduce or increase the risk of death by estimating 
a value of statistical life or the value of statistical deaths avoided. The willingness 
to pay approach focuses on a reduction in the probability of death being avoided.

The human capital approach provides an alternate approach to willingness to 
pay. It considers the loss of output and productivity as a consequence of the shorten-
ing of life of an individual. It diverges from approaches that consider the individual 
centric basis of decision making to societal well-being by using income as an in-
dicator of capital, which in essence reflects how society in general perceives the 
importance of the contribution of an individual.

The Monetary Value of Reduced Morbidity

The monetary value of reduced morbidity could similarly be derived through the 
use of approaches based on individual preferences (willingness to pay or required 
compensation), or by using resource or opportunity costs. Damage function rela-
tionships can be derived from estimates of the real cost of illness in the form of 
lost or reduced productivity and output and an increase in the cost of resources 
needed for medical care. Despite being relative simple to calculate and apply this 
approach does not include an evaluation of pain and suffering, which could be read-
ily captured through willingness to pay approaches. For valuation purposes, the 
acute effects are usually modelled and estimated as though they are certain to be 
avoided, whereas the chronic effects are treated using a probabilistic approach used 
for mortality.
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Apart from monetary valuation, other approaches have been proposed for as-
sessing the health outcomes of policies, including the dollar value for a Quality Ad-
justed Life Year (QALY). QALYs are generally converted to dollars using a single 
US$ per QALY factor. The resultant monetary estimates of the benefits can then be 
used in a cost benefit analysis. Alternately, an estimate can be derived from a set of 
conversion factors that are used for any particular composition of health effects that 
is embedded in QALYs.

Impacts of Wetland Policies on Human Health

A review of the literature reveals a gap when it comes to assessment of the health 
outcomes associated with wetlands. In contrast, many studies have been directed 
towards evaluating the impacts of policies related to the maintenance of air quality 
in developed countries (i.e. Krupnic (2004)) and to food-borne illness (see Maus-
kopf and French 1991). Assessments of the value of a statistical life for the US have 
ranged from US$ 5–6 millions in different policy contexts with some attempts hav-
ing also been made to extend the approach to developing countries (Viscusi 1998; 
Miller 2000). Gyrd-Hansen (2003) estimated the willingness to pay per QALY of 
DKK 88,000 on the basis of elicited preferences of health status.

There have been attempts to analyse individual behaviour in response to an un-
desirable health condition as basis for assessing the economic value of health re-
lated outcomes. (Harrington et al. 1989) measured losses caused by an outbreak of 
waterborne giardiasis in Luzerne County, Pennsylvania and concluded that indi-
vidual households spent US$ 485–1540 to avoid contaminated water. Legget and 
Bocksteal (2000) showed that a change in the concentration of fecal coliforms (of 
100 colony forming units of water per 100 mL) affected the sale prices of properties 
by 1.5 %, with the dollar amounts ranging from US$ 5000–10,000. (Boyle et al. 
1999) estimated the demand from households for clear water in lakes and observed 
a loss of value of at least US$ 25,000 per household following a decline in Sec-
chi disc clarity from 3.78 to 2.41 m. However, these studies do not make a direct 
linkage between the ecosystem services and the health conditions—making this an 
obvious and important area for future research.

Despite the reputed robustness of theoretical frameworks for assessing health 
outcomes there are a number of issues that underpin successful application of valu-
ation and assessment approaches. When asserting that an individual has a WTP for 
a reduction in the probability of his or her mortality and/or morbidity there is an 
accompanying assumption that the individual can perceive changes in her/his health 
status. It has been shown, however, that individual behaviour differs significantly 
when dealing with voluntary and involuntary risk (Starr 1976). Similarly, there have 
been debates about the philosophical foundations of the concept of the value of 
statistical life. For example, it is contended that if life itself is priceless, the risk of 
a change in status would tend to infinity. Similarly, there have been debates over 
the probability range which is used for the estimation of the value of statistical life. 
Typically, it is expected that one would be dealing with lower probabilities of death 
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in most environmental cases, whereas most of the studies tend to use values at the 
higher end. There are issues related to inter-age variation, latency, and choice of 
discount rates that pose significant challenges for the method.

Success Factors and Stumbling Blocks in Policy Reforms

In order for the above responses to be effected, some strategies for their imple-
mentation are needed, including analyses of what has made particular policies ei-
ther successful or not. Citing a range of sources the Global Environment Outlook 
(UNEP 2007) summarised the wide range of factors that have been demonstrated to 
be important in determining which polices have been better:

•	 solid research or science underpinning the policy;
•	 high level of political will, usually bipartisan and therefore sustained;
•	 multistakeholder involvement, often through formal or informal partnerships;
•	 willingness to engage in dialogue with policy opponents;
•	 robust systems for mediating conflict;
•	 capable, trained staff engaged in implementation;
•	 prior systems of monitoring and policy revision agreed, including clauses that 

mandate periodic revision;
•	 legislative backing, combined with an active environmental judiciary;
•	 sustainable financing systems, ring-fenced from corruption;
•	 evaluation and assessment of policies independent from the rule-making agent, 

for example, by advisory committees or public auditors;
•	 minimal delays between policy decisions and implementation; and
•	 coherence and lack of conflict throughout all government policies.

Conversely, (Molden 2007) discussed a number of reasons why past policy initia-
tives had fallen short, principal among them were:

•	 policy reforms have not taken into account the history, culture, environment, and 
vested interests that shape the scope for institutional change;

•	 policy reforms have been based (only) on “blueprint” solutions—solutions that 
follow a model that may have been successful elsewhere;

•	 there is a focus on a single type of organization rather than the larger institutional 
context;

•	 reforms have ignored the many other factors that affect water use in agricul-
ture—policies and government agencies in other sectors, informal user institu-
tions, and the macroeconomic environment and broader social institutions;

•	 any or all of the following are in operation:
−	 Inadequate support for reform at required levels.
−	 Inadequate capacity building and incentives for change.
−	 Repeated underestimation of the time, effort, and investment required to 

change.
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Wetland-Based Interventions—The Role of the Wetland 
Managers

(Corvalan et al. 2005) pointed out that intervening to reverse the impacts of ecosys-
tem disruptions, even when well-intentioned, may not necessarily have a positive 
effect on human health. They extracted from the Millennium Ecosystem Assessment 
a number of responses that had been recommended for dealing with ecosystem dis-
ruption and demonstrated that in almost every category of ecosystem response the 
consequences for health could be either positive or negative. As also demonstrated 
by (Horwitz and Finlayson 2011) when considering the paradoxical situations that 
can arise, the reciprocal can also be true—that responses specifically designed to 
address human health may have either positive or negative consequences for the 
maintenance of ecosystem services. Corvalan et al. (2005) further suggested that the 
outcomes from such responses would depend on how the policy or regulation was 
framed and whether local circumstances and contingencies were taken into account.

From the above discussion (Horwitz et al. 2012) raised some important questions 
for wetland managers. Firstly, what are the human health consequences of interven-
ing for wetland management? Secondly, what are the local particularities of each 
wetland ecosystem that may have consequences for human health? Thirdly, how 
might wetland managers intervene to improve human health itself? In response they 
argued that wetland managers needed to include these questions in the full suite of 
considerations that accompanied their decision making about such issues.

In particular, wetland managers needed to be familiar with and use some of the 
key approaches, tools and instruments that were likely to be used by the health 
sector to respond to the health effects and health outcomes caused by disruptions 
to wetland ecosystem services. Commonly used approaches, tools and instruments 
include monitoring, surveillance and intervention, burden-of-disease assessments 
(BDA), health impact assessments (HIA), community health assessments, risk as-
sessments, community and stakeholder engagement (see Box 3). In a general sense 
these might all have environmental equivalents, so conceptually they may be famil-
iar to trained environmental managers; their health focus however, could be very 
different, and may require adaptation for specific wetland applications.

In particular, packages for HIA and BDA designed for those who may not nec-
essarily have training in health-related sciences could be very useful, especially 
in situations where management interventions are proposed for water resources or 
wetlands. Given the diverse nature of impact assessment instruments that are used 
across social, economic, environmental and health domains, the co-benefits that can 
be derived from the development of instruments that can be used across these do-
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mains, without a loss of detail and analytical emphasis, should be obvious. (Harris-
Roxas and Harris 2012) developed a typology of health impact assessments and 
recognize four specific types:

	 I. Mandated HIA which is done to meet a regulatory or statutory requirement;
	II. �Decision support HIA, which is done voluntarily with the goal of improving 

decision-making and implementation;
III. �Advocacy HIA which is conducted by organizations or groups who are neither 

proponents or decisionmakers, with the goal of influencing decision-making 
and implementation, and

	IV. �Community-led HIA where potentially affected communities examine issues 
or proposals that they onsider of concern for their health consequences.

Seen from these perspectives, (Horwitz et al. 2012) proposed a model, in the form 
of a three-legged stool, for risk management, with each ‘leg’ being critical to suc-
cessful wetland management: 1. mitigation of hazard; 2. regulation of behaviour; 
and 3. education for awareness-raising about the consequences of behaviour and 
responses.

Each ‘leg’ makes an essential contribution to addressing the vulnerability of the 
population at risk and their adaptation options. Each ‘leg’ further comprises a class 
of response options or human actions, including policies, strategies, and interven-
tions, to address specific issues, needs, opportunities, or problems.

In the context of ecosystem management, response options may involve gover-
nance, institutional, legal, technical, economic and financial changes, or changes 
in behavior and/or attitudes related to knowledge and awareness. Based on the 
response options interventions are needed and should be designed at spatial and 
temporal scales appropriate to the ecosystem disruption and the health outcome 
of concern; they can address local, national, regional, and international scales and 
within any of these scales, address specific vulnerable subgroups. Factors that affect 
the choice of responses include the knowledge and understanding of the underly-
ing processes or causes; the capacity to predict, forecast, and warn; the capacity to 
respond (institutional and otherwise); how the risk might change over time and with 
ecosystem change; and ethical appropriateness (Corvalan et al. 2005).

As argued by Cook and Speldewinde (Cook and Speldewinde 2015) the health 
sector will normally try to establish the evidentiary basis for the spread of a par-
ticular diseases, the risk factors for that disease, and ideally, evaluate the outcome 
from the intervention. This is usually done using the following pathway: monitoring 
and surveillance of the disease and risk factors; interpretation of data; use of the 
data in conjunction with environmental and other data to develop models to predict 
disease occurrence; link changes in disease rates to specific environmental factors; 
and intervene to remove the causes of disease or to lessen the damage they cause 
(see Corvalan et al. 2005). Interventions can be evaluated using a similar process.
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One strategy that may valuably support efforts to ensure ‘cross-over’ between the 
wetland and health sectors is the use of data on human disease burden as an indica-
tor to help focus and prioritise wetland restoration. The idea is not new and may 
support more initiatives, such as using mosquito-borne disease data as a bio-indica-
tor for ecosystem health (Jardine et al. 2008). As data on human health are gener-
ally collected more widely and consistently than are data on wetland ecosystems 
there could be more mutual benefits from closer collaborations between relevant 
wetland ecologists and health researchers. Such collaboration could help efforts to 
support the sustainable provision of ecosystem services from wetlands. In some cir-
cumstances, particularly when community livelihoods and well-being and wetlands 
are interdependent and interconnected, data derived from health indicators could 
be used to reflect the status of wetlands. This provides an opportunity to include 

Box 3: Examples of Public Private Partnerships for Water Quality—Payments 
for Ecosystem Services (from Horwitz et al. 2012)

In order for any research on the health effects of ecological change to affect either 
official policy or individual behaviour, it is necessary to take into account how risk 
is perceived. A deliberate and well-informed approach to community risk will maxi-
mize the chance of effective changes through policy interventions that enjoy popular 
support. Any assessment of ecological change and health should be influenced by 
the risk perceptions of those communities that are most likely to be affected. That is, 
ecological assessments should involve open and frequent stakeholder participation 
from the beginning of the process rather than as an afterthought. This approach of 
community engagement in the process serves the purpose of accessing local knowl-
edge about the effects of ecological factors, ensuring that the assessment addresses 
issues of greatest concern to those affected and maximizing the probability that any 
recommended change in policy or behaviour will be adopted. If a source of informa-
tion is not widely trusted, it is unlikely that recommended changes will be accepted. 
Community surveys have shown that some groups tend to be regarded as highly 
trustworthy, while others (such as government agencies) are treated with caution. 
Healthcare providers (for instance community nurses or doctors) tend to be one 
of the “high trust” groups, underlining again the important role they can play in 
explaining the significance of healthy ecosystems. Any such consultation should 
make the best use of the expertise of both stakeholders and researchers. Stakeholders 
may have expert local knowledge but may have inaccurate ideas of the true nature 
of risks associated with different factors; researchers should have more exact knowl-
edge of disease processes and relative risks but may inappropriately estimate the 
applicability of general concepts to local situations. Accurate and accessible report-
ing of assessment results can remedy inaccurate risk perceptions and can enhance 
the public’s ability to evaluate science/policy issues; the individual’s ability to make 
rational personal choices is enhanced. Stakeholder engagement will make it more 
likely that the research is credible and is translated into practice. Technically inten-
sive, externally driven interventions may produce rapid results but risks marginal-
izing local communities. Interventions that engage local communities and transfer 
expertise are more likely to result in longer term ecologically and socially sustain-
able improvements.
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health indicators within the suite of indicators that are commonly used to assess the 
effectiveness of wetland management, particularly where it has direct implications 
for human health. The specific challenge in this proposal will be to incontrovertibly 
link the indicator (human disease) with the exact cause of adverse change in the 
wetland ecosystem both temporally and spatially; there is little evidence that this 
idea has been evaluated.

Another valuable strategy is to consider whether wetland management plans can 
encompass the health of local communities, especially in instances where liveli-
hoods are clearly dependent on the wetland. This is particularly important given 
the increasing acceptance that poor health can severely undermine the capacity 
of communities to maintain systems that support the sustainable management of 
natural resources and the wise use of wetlands. It is therefore likely that effective 
community-led wetland management can be ensured when the people who manage 
them are themselves healthy. For example, in several societies, the role of women 
in managing wetlands is very important, including, for example, the collection of 
water, fish and aquatic plants etc., and gives them a particular role in ensuring the 
health of the wetlands that provide these resources. Wetland managers could there-
fore consider steps to ensure that health related services are integrated within the 
wetland communities as part of the wider intervention strategies adopted for wet-
land restoration. Better targeting and participation in the implementation of man-
agement plans could be achieved through a more specific focus on the importance 
of addressing gender and marginalized communities, and thereby contribute to the 
MDGs, as mentioned above.

In many cases health authorities and experts will know exactly what needs to be 
done to improve human health, or to prevent a further decline, but the role of wet-
land managers in support of such efforts might not be exactly clear. In response to 
this situation (Horwitz et al. 2012) added an action or a role that wetland managers 
could adopt to help deliver the response imperatives identified by (WEHAB 2002a, 
b) for Water and sanitation to improve human health. (Box 4).

Box  4: Response Imperatives for Water and Sanitation to Improve Human 
Health (from). From (Horwitz et  al. 2012) Based on Information Derived 
from (WEHAB 2002a, b). An Action or a Role for Wetland Managers has been 
Added to each Response
1.	 Assign the role of water-related public awareness to the agency responsi-

ble for integrated water resource management at the country level; Action: 
wetland managers need to develop in-house capacities to deliver water-
related public awareness.

2.	 Institute gender-sensitive systems and policies; Action: wetland managers 
examine their internal operations to ensure gender-sensitivity; this should 
include equity in decision making capacities, particularly where inequali-
ties exist in health outcomes.
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As a consequence of the steps outline above it is possible that policy level responses 
used for one circumstance or purpose can be converted to actions or practices that 
are appropriate for wetland managers in general. While many interventions will 
have general application across other sites or regions, the complexity of responses 
required for individual diseases must not be underestimated. In many case these will 
need to be developed on a case-by-case basis, as exemplified by the management of 
avian influenza (HPAI H5N1) (see Box 5), and applied at a local or provincial level, 
generally with national or international support.

3.	 Raise awareness and understanding of the linkages among water, sanita-
tion, and hygiene and poverty alleviation and sustainable development; 
Action: wetland managers develop their own conceptual models for how 
these linkages can be articulated in national, regional and local contexts.

4.	 Develop in partnership with all relevant actors community-level advo-
cacy and training programs that contribute to improved household hygiene 
practices for the poor; Action: wetland managers participate in such part-
nerships when approached.

5.	 Identify best practices and lessons learned based on existing projects and 
programs related to provision of safe water and sanitation services focused 
on children; Action: wetland managers identify documentation that demon-
strably links management of wetlands to improving ecosystem services and 
provision of safe water and sanitation relevant for local context.

6.	 Create multistakeholder partnership opportunities and alliances at all lev-
els that directly focus on the reduction of child mortality through diseases 
associated with unsafe water, inadequate sanitation, and poor hygiene; 
Action: wetland managers participate as knowledge providers for dimin-
ished ecosystem services that result in proliferation of disease conditions.

7.	 Develop national, regional, and global programs related to the provision 
of safe water and improved sanitation services for urban slums in general, 
and to meet the needs of children in particular; Action: wetland managers 
contribute local examples of links between management of wetlands to 
improving ecosystem services and provision of safe water and sanitation, 
through their national, regional and global networks

8.	 Identify water pollution prevention strategies adapted to local needs to 
reduce health hazards related to maternal and child mortality; Action: wet-
land managers develop particular communication materials and provide 
advice on the water quality aspects that require preventative strategies.
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Box 5: Avian Influenza and Wetlands: Appropriate Responses (prepared by 
Rebecca Lee, David Stroud & Ruth Cromie and Included in (Horwitz et  al. 
2012)
“As well as providing conditions for virus mutation and generation, agricul-
tural practices, particularly those used within wetlands, can enhance the ability 
of a virus to spread. The role of Asian domestic ducks in the epidemiology of 
H5N1 highly pathogenic avian influenza (HPAI) has been closely researched 
and found to be central not only to the genesis of the virus (Hulse-Post et al. 
2005; Sims et al. 2005), but also to its spread and the maintenance of infection 
in several Asian countries (Shortridge and Melville 2006). Research in Thai-
land and Vietnam (Gilbert et al. 2008; Songserm et al. 2006) has demonstrated 
abundance of free-grazing domestic ducks, human population and rice crop-
ping intensity as significant risk factors for H5N1 HPAI. Gilbert et al. (2006) 
concluded that in Thailand “wetlands used for double-crop rice production, 
where free-grazing ducks feed year round in rice paddies, appear to be a criti-
cal factor in HPAI persistence and spread”. This practice of using flocks of 
domestic ducks for ‘cleaning’ rice paddies of waste grain and various pests 
allows contact with wild ducks using the same wetlands. Additionally, the 
practice of “farming” wild ducks and geese has provided significant opportu-
nities for transmission of virus between domestic and wild populations.

The impacts of H5N1 on human health, livelihoods, poultry production, 
and local and national economies have been enormous and concern has 
remained about a potential pandemic strain mutation. The virus has also killed 
wild birds in many countries with outbreaks sometimes involving threatened 
species and/or thousands of mortalities. Wild birds have been involved in the 
spread of the virus, possibly over long distances however a reservoir of infec-
tion of H5N1circulating in wild populations has never been demonstrated 
despite global surveillance efforts. Their role in the spread and persistence 
of infection is dwarfed by that of poultry, with markets and trade providing 
ready opportunities for regional, national and international spread. Yet wild 
birds are ungoverned and unaffiliated and thus easy to blame as a source 
of infection despite a lack of evidence. Responses to H5N1 HPAI in many 
countries highlighted the risk that loose language about the spread of the dis-
ease from those involved in disease control plus ill-informed media report-
ing, may undo decades of building positive public attitudes towards wetland 
and waterbird conservation. For example, as HPAI H5N1 spread across cen-
tral Asia and Europe in winter 2005 and spring 2006, there were reports of 
wild birds being killed and their nests destroyed, some wetlands were altered, 
visitor numbers at wetland centres in the UK fell markedly with economic 
impacts for conservation organisations and changed public attitudes, which 
encompassed concern and even fear. The double negative impact was clear: 
not only were wild birds killed by a virus essentially of our own making but 
wild birds were disproportionately blamed for their part—surely more victim 
than vector?
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Conclusions

Efforts to reduce the potential health impacts of adverse change in wetlands will 
require the adoption of inter- and cross-sectoral integrated options. It is therefore 
important that the principal cross-sectoral partners and relevant stakeholder groups 

The role of the multilateral environmental agreements has been key in pro-
moting appropriate responses to HPAI (Cromie et al. 2011). One of the cen-
tral obligations of the Ramsar Convention is that Contracting Parties “shall 
promote the conservation of wetlands and waterfowl by establishing nature 
reserves on wetlands” and subsequent decisions of the Conference of Par-
ties have stressed the role of these reserves and associated wetland centres 
in enhancing public awareness of wetlands and communicating the need for 
waterbird conservation. Resolution IX.23 of the Ramsar Convention on Wet-
lands states the “destruction or substantive modification of wetland habitats 
with the objective of reducing contact between domesticated and wild birds 
does not amount to wise use as urged by Article 3.1 of the Convention”. The 
key to the control of HPAI remains prevention and control in the poultry sec-
tor (Greger 2006; GRAIN 2006; Sims 2007) and ornithologists and the con-
servation community must play their part in this to ensure benefits to all.

Human lives are enriched by birds—contact with—and appreciation of which, 
is an important element of the well being of those who may otherwise have lim-
ited opportunities to interact with wildlife. Getting close to birds brings great 
pleasure. As the late Janet Kear, life-long waterbird conservationist, once said, 
“just as you can’t sneeze with your eyes open, you can’t feed a bird from your 
hand without smiling.” It is crucial that we avoid preventable reactions that might 
encourage people to stay away from wild birds because of unfounded fears and 
false perceptions of risk. In the long-term, this could prove greatly damaging to 
public support for wetland and waterbird conservation.

Currently, wetland health problems are being created or exacerbated by 
activities such as intensive food production systems and trade, wetland loss 
or degradation, and introduction of alien species. Ultimately, to reduce risk 
of avian influenza and other diseases, we need to move to markedly more 
sustainable systems of agriculture with significantly lower intensity systems 
of poultry production. These need to be more biosecure, separated from wild 
waterbirds and their natural wetland habitats resulting in far fewer opportu-
nities for viral cross-infection and thus pathogenetic amplification (Greger 
2006). To deliver such an objective in a world with an ever-burgeoning human 
population, hungrier than ever for animal protein, and with major issues of 
food-security throughout the developing world, will be a major policy chal-
lenge. However, the animal and human health consequences of not tackling 
these issues, in terms of the impact on economies, food security and potential 
implications of a human influenza pandemic, are quite immense.”
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required to achieve appropriate outcomes are identified. Integrated interventions 
will by necessity need to address existing social values and cultural norms, existing 
infrastructure, and the social, economic, and demographic driving forces that result 
in wetland change.

Given the interactions that occur between wetlands and human health is it im-
perative that wetland managers are involved in efforts to build and sustain the cop-
ing capacity of affected human communities, and to recognize that these efforts will 
need to operate at local, national, or regional levels. This is because the factors, such 
as poverty and high burdens of disease, that place populations at risk can also limit 
the capacity of these populations to prepare for the future, or in this instance, make 
wise use of their wetland ecosystems.

As many interventions or responses involve trade-offs it is important that the 
consequences of taking one path in preference to another are recognized and, where 
necessary, suitable compensation considered. The important first step is being able 
to recognize the potential for tradeoffs. Hence, a process by which tradeoffs can be 
negotiated is of central concern with key components including representation of 
marginalised stakeholders, increased transparency and ready access to information, 
and engagement with the core pursuits of other sectors.

Managing wetland ecosystem services to improve human health will help achieve 
the Millennium Development Goals, and the Sustainable Development Goals that 
are being negotiated to replace them post 2015.
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Abstract  The Ramsar Convention has developed guidance to support the wise use 
of wetlands, including identifying the importance of integrating interventions aimed 
at biodiversity outcomes with those in support of increased human health and well-
being. This guidance provides a basis for promoting the importance of wetlands as 
settings for human health and well-being. In doing this the Convention accepted the 
conceptual framework adopted for the Millennium Ecosystem Assessment and used 
this to assess the coverage of its wise use handbooks (guidelines or guidance on 
specific topics). In relation to incorporating human health and well-being into wet-
land management the following topics were identified as needing further attention: 
linking human health and well-being with wetland conservation; the maintenance of 
existing ecosystem services; strengthening collaboration and partnerships; develop-
ment of integrated wetland policies; extending research and information sharing; 
assessment of the consequences of wetland management; addressing the impacts 
of climate change; and capacity building. The reciprocal agenda, where wetland 
management for ecosystem services becomes a core pursuit of the health sector, 
is no less extensive and no less difficult a task. The challenge remains to bring the 
interventions from both the health and the wetland sectors together, building on the 
guidance established by the Ramsar Convention for the wise use of wetlands, and 
incorporating their importance as settings for human health and well-being.
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Introduction

The strong interdependence of wetland ecosystems and human health has been em-
phasised by Horwitz and Finlayson (2011) in order to enhance human health and 
well-being interventions needed to address the erosion of ecosystem services in 
wetlands (see also Horwitz et al. 2012 and in relation to the extent of wetland loss 
and degradation see MEA 2005). Suitable interventions should therefore be based 
around further understanding of the following: (i) linkages between the biodiversity 
of a wetland and ecosystems services, (ii) the manner in which ecosystem services 
benefit human well-being, (iii) recognition of the drivers of ecosystem change that 
diminish the contributions of those ecosystem services, and (iv) documentation of 
the outcomes of such changes. Further, all wetland management responses need to 
be evaluated for their possible implications for human health and well-being (Hor-
witz et al. 2012).

Finlayson et al. (2011) argued that the implications for human health and well-
being will be influenced by the complexity of the social structures that affect wet-
lands and the communities that derive benefits from them. Figure 1 provides exam-
ple of an array of organisations that can affect wetland management. The important 
point in this figure is not the specifics of the named organisations—it is the array 
and scope of the organisations that is important.

Figure 1 also shows how the possible response options to human health and eco-
system change might lie largely outside the direct control of both the wetland sector 
and the health sector. Accordingly, the importance of identifying key partners and 
responsible stakeholder groups required to achieve appropriate outcomes cannot 
be overemphasized. To be most effective, wetland policy-makers need to recognise 
that integrating their responses with those of partners and other stakeholders, and 
‘creating a space’ for them, is necessary if the potential health impacts of ecosystem 
change are to be reduced. Hence wetland managers need to be involved in build-
ing the necessary coping capacity in human communities to ensure such outcomes 
are achieved, and to recognize that these responses will need to operate at local, 
national, or regional levels.

These concepts are not new and have, for example, been long embedded within 
the “wise use” approach of the Ramsar Convention on Wetlands (Finlayson et al. 
2011), but they have not necessarily been articulated in a way to sufficiently em-
brace the wider sectors that exert an influence on wetland management (Horwitz 
et al. 2012). As noted, this is not a recent realisation—Hollis (1992) metaphorically 
pounced on this issue during the seminal conference held in 1992 to prepare a strat-
egy to stop and reverse the loss of Mediterranean wetlands (Finlayson et al. 1992)—
but the concept seems to have taken a long time to become widely accepted. This 
does not mean that substantive efforts have not been made to better link biodiversity 
with human elements in wetland management. The Ramsar Convention on Wet-
lands has long promoted the integration of biodiversity and human benefits from 
wetlands and in the late 1990s developed guidance on engaging with local com-
munities and other sectors in order to support the wise use of wetlands and stem the 
loss of wetlands (Ramsar Convention Secretariat 2010). There are though ongoing 
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questions about how effectively Contracting Parties to the Convention have grasped 
and implemented such approaches (Finlayson 2012).

Despite such questions the manner in which the Ramsar Convention has ad-
dressed the wise use of wetlands provides a basis for incorporating the importance 
of wetlands as settings for human health and well-being. This is explored in the text 
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that follows with specific reference being made to the Convention’s suite of wise 
use handbooks. In particular, the manner in which the current wise use handbooks 
can be adapted to include key issues for addressing the importance of wetlands for 
human health and well-being is explored.

Healthy Wetlands and Healthy People

Recent emphasis on the aphorism of ‘healthy wetlands and healthy people’ has 
further strengthened the conceptualisation that wetland health and some aspects 
of human health are interconnected (MEA 2005; Finlayson and Weinstein 2008; 
Horwitz et al. 2012). The relationship between wetland and human health has been 
summarised by Finlayson and Weinstein (2008) in the following way:

Poor wetland management leads to a deterioration of both wetland ecosystem health and 
human health. It is only in the last couple of decades that we have come to appreciate the 
strength of the fundamental relationship between wetland ecosystem health and human 
health, and therefore the importance of developing environmental management strate-
gies that support the maintenance of both wetland ecosystem health and human health 
concurrently.

These authors then presented a number of management options that could assist 
with efforts to reduce the extent of wetland loss and degradation. These included 
the adoption and expansion of:

•	 Integrated planning mechanisms, e.g. integrated water resource management 
(IWRM), integrated catchment (or watershed) management (ICM);

•	 Strategic and environmental impact assessment;
•	 Risk and vulnerability assessment;
•	 Further education and awareness;
•	 Economic incentives and removal of perverse incentives;
•	 Economic valuation and participatory approaches to trade-offs;
•	 Rehabilitation of degraded ecosystems and re-establishment of the benefits they 

supplied.

They then added that the smartest response may be to “prevent further adverse 
change rather than expect to recover what has been lost at some later stage of de-
velopment”. Again, this is not a new statement with calls to stop and reverse wet-
land loss and degradation having been made periodically over the decades since the 
signing of the text of the Ramsar Convention in 1971. While there is evidence of an 
increase in responses to global environmental degradation these are not keeping up 
with the rate of degradation (Butchart et al. 2010; Armenteras and Finlayson 2011); 
a situation that applies to wetlands given ongoing loss and degradation (MEA 2005) 
and limited success in implementing the many decisions taken by Contracting Par-
ties to the Convention (Finlayson 2012).
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It is though increasingly recognised that productive, healthy wetlands with their 
suite of services can provide people and communities with benefits to support ev-
eryday activities and livelihoods. There are also many claims and an increasing 
evidence base that healthy wetlands reduce vulnerability to flood and drought, crop 
failure or disease, and that unhealthy wetlands can exacerbate human vulnerability 
by increasing the risks of flood, drought, crop failure or disease (Falkenmark et al. 
2007; Gordon et al. 2011). As a consequence the concept of healthy wetlands and 
healthy people is being widely promoted, both popularly and scientifically (Horwitz 
et al. 2012), even though the term ‘healthy wetlands’ could do with substantial clari-
fication (Horwitz and Finlayson 2012).

Horwitz and Finlayson (2011) reconsidered the relationship between human 
well-being and environmental quality, extending its relevance beyond the manage-
ment of wetlands and water resources, to public health itself. They proposed an 
integrated strategy, involving three approaches: (i) make assessments of the ecosys-
tem services provided by wetlands more routine; (ii) adopt the “settings” approach 
wherein wetlands are one of the settings for human health and provide a context for 
health policies; and (iii) develop a layered suite of health issues in wetland settings, 
including core requirements for human health (food and water), health risks from 
wetland exposures, and broader social determinants of health in wetland settings, in-
cluding livelihoods and lifestyles. Combined, these strategies were seen as provid-
ing a way for wetland managers to incorporate health impact assessment processes 
into their decision making and to examine the health consequences of trade-offs that 
occur in wetland management, and from activities outside of their direct influence, 
and hence to further address the complexities of ensuring wise use of wetlands.

Wise Use of Wetlands

The imperative to conserve wetlands and provide benefits for people and for biodi-
versity has underpinned the substantial efforts, spread over more than a decade, to 
develop the Ramsar Convention on Wetlands (Matthews 1993). From the outset the 
text of the Convention was far reaching and contained clauses committing countries 
to make wise use of all wetlands and to maintain the ecological character of wetlands 
listed as internationally important (Ramsar sites). These two concepts were later 
brought together by the Convention with Contracting Parties agreeing to a commit-
ment to maintain the ecological character of all wetlands (Pittock et al. 2010).

Unfortunately, over the same period wetlands continued to be converted and oth-
erwise degraded with a consequent loss of benefits for people, in particular to local 
communities in the vicinity of wetlands (Hollis 1998; Mitsch 1998). In response 
to ongoing concerns about this trend, the Convention participated in the ground-
breaking Millennium Ecosystem Assessment (MEA 2005) from 2000–2005 and 
subsequently more formally embraced the concept of ecosystem services and the 
benefits that accrued to people from wetlands. This included incorporating ecosys-
tem services within the Convention’s definition of ecological character and equat-
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ing its wise use approach with sustainable development (Gardner and Davidson 
2011; Finlayson et al. 2011). In this process the wise use of wetlands was redefined 
as “the maintenance of their ecological character, achieved through the implemen-
tation of ecosystem approaches, within the context of sustainable development.” 
Ecological character was also redefined as the “combination of the ecosystem com-
ponents, processes and benefits/services that characterise the wetland at a given 
point in time.” In doing so the Contracting Parties to the Convention committed to 
maintaining the benefits that people derive from all wetlands—a remarkable com-
mitment and one that could transform the management of wetlands globally.

At the same time the Convention accepted the conceptual framework adopted for 
the Millennium Ecosystem Assessment as a framework for the wise use of wetlands 
(Davidson and Finlayson 2007; Ramsar Convention Secretariat 2010). Further-
more, the Assessment provided a clear outline of how the indirect and direct drivers 
of change to wetland ecosystems interact and affect the capacity of a wetland to 
continue to deliver ecosystem services to sustain human well-being and achieve 
poverty reduction, and as such it was compatible with the concepts and guidance 
for wise use already adopted.

The framework was then used to map the contents of the Convention’s wise use 
handbooks (guidelines or guidance on specific topics) to provide an assessment of 
the coverage (or gaps in it) in relation to the opportunities to address maintenance 
of the ecological character of all wetlands through wise use (Fig. 2). The available 
guidance for the wise use of wetlands is found in the widely accessible and used 
Handbook series produced by the Convention (now in its 4th Series, 2010).

This showed that many of the Ramsar wise use guidelines concerned strategies 
and interventions for wetlands and their ecological processes, or to address the di-
rect drivers of wetland change. Further, it showed that these were focused largely 
at local or national levels, since Ramsar guidance is for Contracting Parties acting 
within their own territories, although some guidance also applied regionally and 
globally (e.g. see the guidance for international cooperation). The framework can 
also be used to illustrate how the available guidance relates to the drivers of change 
and possible impacts on wetland biodiversity and ecosystem services, and to iden-
tify gaps. Guidance on adaptation to climate change is one such gap, as is guid-
ance on managing agriculture and fisheries in wetlands, both highly relevant when 
considering human health and well-being. These gaps are being addressed through 
the Convention’s Scientific and Technical Review Panel (STRP), which provides 
independent scientific advice to the Convention.

The abovementioned changes brought the Ramsar definitions of wise use and 
ecological character into line with the integrated concepts for ecosystem manage-
ment being promoted through the Millennium Ecosystem Assessment and overtly 
recognized the importance of wetland ecosystem services for human well-being and 
livelihoods. The interconnectedness of food and water from wetlands with human 
health and well-being was further explored through the Convention’s involvement 
in the Comprehensive Assessment of Water Management in Agriculture (Molden 
et al. 2007; Falkenmark et al. 2007) and later engagement with the World Health 
Organisation (Horwitz et al. 2012).

AQ2
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The 2009–2015 Strategic Plan of the Convention outlined and reaffirmed a range 
of actions and processes for Contracting Parties and others in support of the wise 
use of wetlands. These included: establishment of national wetland policies and 
plans; reviewing and harmonizing the framework of laws and financial instruments 
affecting wetlands; undertaking wetland inventory and assessment; integrating wet-
lands into sustainable development processes; ensuring public participation in wet-
land management and the maintenance of cultural values by local communities and 
indigenous people; promoting communication, education and public awareness; 
and increasing private sector involvement. These actions and processes intersect 
with those being simultaneously promoted by authors addressing the nexus between 
wetlands and human health and well-being.

The wise use approach of the Ramsar Convention is an example of an ecosys-
tem approach for integrated environmental management. Ecosystem approaches 
were developed as an integrated alternative to sectoral approaches to environmental 
management and specifically for promoting conservation and sustainable use in 
an equitable way. They focus on managing environmental resources and human 
needs across landscapes and trying to balance trade-offs for both human well-being 
and ecosystem services and are often a response to a previous tendency to manage 

Fig. 2   Mapping of Ramsar guidance for wetland management: framework for the wise use of wet-
lands. (Adapted from Secretariat of the Ramsar Convention 2010). HB refers to the Ramsar wise 
use handbooks relevant to the guidance available for wetland management interventions at specific 
places in the framework. A solid line  marks where interventions are possible
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for a single ecosystem service, such as food production (Gordon et al. 2011). The 
Ramsar Convention has hitherto relied on guidelines for wise use rather than the 
identification of specific principles (see discussion in Finlayson et al. 2011). With 
the wider recognition of the inter-relatedness of human health and wetland health it 
is opportune to explore how the wise use guidelines intersect with the recommenda-
tions made by Horwitz et al. (2012) for ensuring the benefits of wetlands for human 
health. This is explored in the following sections as a basis for encouraging a broad, 
cross-sectoral approach to achieving wise use of wetlands including management 
practices for addressing human health and well-being.

Key Issues for Human Health and the Wise Use  
of Wetlands

The information presented in Horwitz et al. (2012) was made available to the Con-
tracting Parties to the Ramsar Convention through a formal resolution tabled at 
the 10th Meeting of the Conference of the Parties to the Convention in 2008. This 
was poignant as the Conference had as its theme the aphorism “Healthy wetlands, 
healthy people”. The resolution on Wetlands and human health and well-being was 
far reaching and called on Contracting Parties and all those responsible for wetland 
management to take on a series of actions and emphases as paraphrased below (and 
extracted from the formal text of the Resolution):

1.	 Link human health and well-being with wetland conservation—take action to 
improve the health and well-being of people in harmony with wetland conserva-
tion objectives, in particular by identifying and implementing actions that benefit 
both wetland ecosystems and human health concurrently;

2.	 Maintain existing ecosystem services—address the causes of declining human 
health linked with wetlands by maintaining or enhancing existing ecosystem ser-
vices that can contribute to the prevention of such declines, and to ensure that 
any disease eradication measures in or around wetlands are undertaken in ways 
that do not unnecessarily jeopardise the maintenance of the ecological character 
of the wetlands and their ecosystem services;

3.	 Strengthen collaboration and partnerships—encourage all concerned to 
strengthen collaboration and seek new and effective partnerships between the 
sectors concerned with wetland conservation, water, health, food security and 
poverty reduction;

4.	 Avoid adverse impact of development activities—take all possible steps to avoid 
direct or indirect effects of the development sectors on wetlands that would 
impact negatively on those ecosystem services of wetlands that support human 
health and well-being;

5.	 Develop integrated wetland policies—make the interrelationship between wet-
land ecosystems and human health a key component of national and interna-
tional policies, plans and strategies;
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  6.	 Extend research and information sharing—and encourage new and ongoing 
research regarding the links between wetlands and human health and to bring 
information on the scientifically proven contributions that naturally function-
ing wetland ecosystems make to good health and well-being to the attention of 
national ministries and agencies responsible for health, sanitation, and water 
supply;

  7.	 Assess the consequences of wetland management—collaborate in assessing the 
consequences of wetland management measures linked with human health, and 
vice versa the consequences for the ecological character of wetlands of current 
practices and developments which seek to maintain or improve human health, 
including the identification of appropriate trade-offs in decision-making;

  8.	 Address impacts of climate change—ensure that decision-making on co-man-
aging wetlands and human health issues takes into account current understand-
ing of climate change-induced increases in health and disease risk and strives 
to maintain the capacity of wetlands to adapt to climate change and continue to 
provide their ecosystem services.

  9.	 Build capacity—dedicate resources to building capacity for more integrated 
approaches to wetland and water management and health, including the appli-
cation of local and traditional knowledge;

10.	 Share information and strengthen collaboration—make available the findings 
of the report on “Healthy Wetlands, Healthy People” to the relevant parts of the 
human health community, and to discuss with the World Health Organisation 
ways and means of strengthening collaboration with the Ramsar Convention 
and the water and wetland sectors in general.

Embedding Human Health in Guidance for Wetland 
Management

The list above makes it clear that an organisational change is required to com-
prehensively address the relationship between wetlands and human health. At first 
sight these activities and emphases may standout as being very different from those 
within the existing wise use guidance which were largely (not wholly) developed in 
response to the ongoing loss of wetland biodiversity. However, a large number of 
convergent approaches and concepts already exist between the wetland and health 
sectors (Horwitz et al. 2012). For example, both would acknowledge the importance 
of greater integration between and within agencies dealing with wetlands, and both 
would recognise the community benefits derived from wetlands as well as commu-
nity aspirations for and knowledge about wetlands.

An examination of the scope of the existing wise use handbooks suggests that 
there is a lot of commonality which reflects the convergence that has emerged 
through the recent efforts to specifically address wetlands and human health. This 
is shown in a comparison of the scope of the current wise use handbooks and the 
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above listed “health activities” outlined in the resolution from the 2012 conference 
(found by comparing the left hand column of Table 1 to the 10 activities and em-
phases in the middle of the Table). This indicates that some level of guidance on 
wetlands and human health can already be found in the current wise use handbooks, 
and/or could relatively easily be located in each of the handbooks, such that the spe-
cific issues raised in the resolution on wetlands and human health can be embedded 
across all existing domains of activity for the Convention.

    The information in the columns of Table 1 also shows that there is an absence 
of existing guidance on climate change and wetlands, as also shown in Fig. 2, and 
within the context of this paper, on the impacts of climate change on wetlands and 
human health. While climate change and its implications for wetland management 
have been considered to some extent (for example, see synthesis in Finlayson 2013) 
there seems to be far less direct analysis in the wetland literature of the impact on 
human health and well-being associated with wetlands. This is not the case when 
looking at the issues from a health perspective.

The adoption in the 2012 Conference of a further decision on climate change 
and wetlands may herald steps to address this gap given that the decision sought 
the development of guidance on, inter alia, the implications of climate change for 
maintaining the ecological character of wetlands, including the determination of ap-
propriate reference conditions and the specification of acceptable limits of change. 
It is anticipated that parallel efforts by a number of organisations to develop guid-
ance on ecosystem-based adaptation to climate change, given that such approaches 
incorporate human use of ecosystems, will also support the case for developing 
further guidance on human health and wetlands as a contribution to the wise use of 
wetlands.

The question for the Contracting Parties to the Convention may now move to-
wards addressing the extent to which further guidance for wetland managers could 
most usefully be integrated and embedded within the existing wise use handbooks, 
or provided separately in a standalone form. The resolution on wetlands and human 
health also identified a number of further tasks for the Convention’s STRP with 
these later being prioritised to focus on the development of guidance for the health 
sector on wetlands and human health, taking into account that a layer of partnership 
with the health sector needs to be developed with an assumption that this may pro-
vide opportunities to influence the health sector positively, and recognising that the 
health sector is large and heterogeneous. The third column of Table 1 summarises 
the full extent to which the handbooks would need revision to adequately incorpo-
rate guidance on human health issues; in many cases this would require a substantial 
shift in the emphasis of the guidance.

The reciprocal agenda, where wetland management for ecosystem services be-
comes a core pursuit of the health sector, is no less extensive and no less difficult a 
task. The challenge remains to bring the interventions from both the health and the 
wetland sectors together, building on the guidance established by the Ramsar Con-
vention for the wise use of wetlands, and incorporating their importance as settings 
for human health and well-being.

AQ3
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Abstract  The interactions between wetlands and people have been explored in this 
book through the treatment of ecological and human health and well-being issues 
for both wetland management and public health practitioners. This recognises that 
both sectors have reciprocal and important roles to play in ensuring that the ben-
efits provided by wetlands are maintained and even enhanced. Examples are given 
of the benefits for human health and well-being derived from wetlands, as well as 
the potential for adverse outcomes if the ecological character of wetlands is not 
maintained when making decisions about wetlands and human health issues. The 
examples provide more resolution to what it means for a wetland to be ‘healthy’ 
with a proposition that wetland health should be based on social values and indica-
tors that could be agreed through the following steps: establish the best possible 
reference condition, given acceptable land or water use; make judgements based 
on uses of human amenity derived from the wetland; acknowledge that restoration 
may be necessary, especially where wetland uses prove to be non-sustainable; and 
accept that changes in use/amenity can change the condition and hence perception 
of the health of the wetland.

The ‘settings’ approach for wetlands is promoted whereby the wetland is 
the ‘setting’ in which people “take care of each other, our communities and our 
natural environment”. The setting also includes the institutional and govern-
mental aspects required to deliver health services, to address health inequalities, 
and to intervene for public health. The key message from this book is that wet-
lands (as places of water on land, and where water shapes the land), and human 
health (which in its richest sense addresses the well-being of people, beyond 
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ill-health or the absence of disease), are interconnected and to a certain extent 
interdependent. Maintaining or restoring wetlands can promote the ecosystem ser-
vices that support the many benefits that provide vital support for human health and  
well-being.

Keywords  Wetland settings · Ramsar convention · Wise use · Disease · Public 
health · Food pollution · Livelihoods · Disasters · Guidance · Intervention · 
Management

Introduction

The interactions between wetlands and people have been explored in this book 
through a general treatment of ecological and human health and well-being issues 
for both wetland management and public health practitioners. This recognises that 
both sectors, and the disciplines that support them, have reciprocal and important 
roles to play in ensuring that the benefits provided by wetlands are maintained 
and even enhanced. At the same time there is substantial evidence to demon-
strate where wetlands have been lost and degraded resulting in adverse health and 
well-being outcomes for local communities (see global assessment presented in  
MEA 2005).

Another perspective of wetland ecosystems is where there is a complex interplay 
between the health and well-being of components of wetland ecosystems (includ-
ing humans), and ecosystem processes and functions. As an example of this shift in 
emphasis to one of humans being considered as part of ecosystems rather than the 
singular threat to them, the Ramsar Convention on Wetlands seeks to place more 
emphasis on understanding how people and wetlands interact, including the inter-
actions that occur between human health and wetlands (Horwitz et al. 2012). This 
emphasis provides a connection with the wise use of wetlands approach promoted 
through the Ramsar Convention (Finlayson et al. 2011) which provides a basis for 
ensuring the maintenance of the ecosystem services that support human health and 
well-being. These interactions have been loosely encompassed within the metaphor 
‘healthy wetlands, healthy people’ that conveys an intimate relationship between 
wetlands and people (Finlayson and Weinstein 2008; Horwitz et al. 2012) and sup-
ports the application of interdisciplinary approaches that have been the hallmark 
of recent global assessments that have examined human well-being and ecosystem 
services (Finlayson and Horwitz 2015a).

Information on the interactions between human health and wetlands has been 
provided in this book through the ‘lens’ of the ecosystem services available in and 
from wetlands. In doing so it has been implicit that human health should be treated 
as a component of human well-being that is itself inextricably linked with broader 
systemic conditions found within wetlands, and that this set of relationships can be 
referred to as “wetland health”. It follows that wetland management has a mandate 
to attend to these dimensions.
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Locating Human Health in the Context of Wetlands

Where wetlands are involved in the lived experiences of local people, there are out-
comes for their health and well-being. Horwitz et al. (2012) emphasised that wet-
lands could “… either enhance or diminish human health depending on the ecologi-
cal functioning of wetlands and their ability to provide ecosystem services.”. At the 
extremes there are situations where people and wetlands both benefit (the double 
dividend), and where a detriment might be felt for both (a double negative). But the 
simple argument that healthy wetlands mean healthy people may not sufficiently 
recognise the complexity of the linkages that exist between people and wetlands nor 
the social and environmental changes that influence these linkages (Finlayson and 
Weinstein 2008). A more realistic interpretation is that wetland health incorporates 
the health of its components, and humans are one of those components, and that the 
interactions between people and wetlands are complex and multi-faceted and as-
sociated with local circumstances and drivers of change (MEA 2005; Finlayson and 
Weinstein 2008; Horwitz et al. 2012).

By perceiving people as part of ecosystems rather than outside of them, in this 
case belonging to wetland ecosystems, the meanings of the double dividend and 
the double negative outcomes become unmistakeable. But paradoxical outcomes 
also become clear: in some circumstances well-managed wetlands even those that 
have been hydrologically unaltered or functionally maintained, can provide poor 
outcomes for human health; and the converse, that human health can be supported 
even when wetlands are degraded (though for how long no-one is quite sure; see 
Raudesepp-Hearne et al. 2010).

With this background, the purpose of this book was to review and map the re-
lationships and issues concerning human health in the context of the wise use of 
wetland ecosystems, including specific issues associated with the benefits derived 
from ecosystem services and the paradoxes that also occur.

Linkages Between Human Health and Wetlands

In order to address these issues and consider the trade-offs that may occur between 
wetland health and the multiple ways in which wetlands are managed (or misman-
aged), with subsequent impacts on human health and well-being, the following top-
ics have been covered in individual chapters:

•	 Public health perspectives (Cook and Speldewinde 2015)
•	 Basic needs, food security and medicinal properties (Cunningham 2015)
•	 Sites of exposure to water-borne infectious diseases (Derne et al. 2015)
•	 Human exposures to pollutants and toxicants in wetlands (Horwitz and Roiko 

2015)
•	 Mosquito borne disease (Carver et al. 2015)
•	 Livelihoods and human health (McCartney et al. 2015)
•	 Urban wetlands and community well-being (Carter 2015)
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•	 Natural disasters, health and wetland (Jenkins and Jupiter 2015)
•	 International guidance for wise use of wetlands (Finlayson and Horwitz 2015b)
•	 Interventions for enhancing human well-being (Horwitz et al. 2015)

The key issues raised in the individual chapters are presented below.

Public Health Perspectives

Cook and Speldewinde (2015) provide a public health perspective on wetlands with 
a summary of the relationship between public (community) health and the water 
cycle and how water systems and their ecology relate to public health, and em-
phasise the value of systematic approaches for assessing the health risks that can 
arise from water contaminants. This includes an examination of how two important 
public health activities—the application of epidemiological methods and the use 
of systems of surveillance—relate to water sources and supplies and recognises 
that biological and chemical contamination can originate from or be mitigated by 
wetlands. Hence, investigations into public health risks need to focus on potential 
exposure pathways and consider how wetlands or specific features within wetlands 
are linked to adverse health effects. This further implies that an understanding of the 
features of wetlands that could affect public health could assist in epidemiological 
investigations and surveillance programs.

The importance of wetlands for public health are realised when the many poten-
tial consequences for public health from exposure to wetlands are considered. These 
include those that affect hydration and potable water, nutrition, exposure to pollut-
ants or toxicants, or to infectious diseases, and physical hazards, as well as being 
settings for livelihoods and mental health and psycho-social well-being, and sites 
from which medicinal and other products can be derived. As many wetlands are 
under threat from development activities there is increasing recognition that degra-
dation could affect human health and well-being, for example through changes to 
wetlands that cause an increase in exposure to vector borne diseases or the loss of a 
protein source for local communities.

Given the extent of wetland degradation, and the relationship between human 
health and well-being and the condition of wetland ecosystems, public health au-
thorities need to be aware of the potential for the emergence or re-emergence of 
wetland-linked diseases, and where necessary to act preventatively and proactively 
when developing responses. As the ecological outcomes from wetland degradation 
as well as from efforts to restore wetlands are largely uncertain there could be unex-
pected consequences for human health.

Basic Needs, Food Security and Medicinal Properties

Cunningham (2015) describes the contributions wetlands make to food security for 
local people, in particular through the provision of high water quality, protein, and 
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edible or medicinal plants, as well as a means of obtaining income by trading re-
sources, including fish, shell-fish or fibrous plants. There is also a sustained interest 
in seeking traditional medicines and new natural products from wetland environ-
ments such as hot springs, alpine wetlands, particularly in high diversity montane 
systems, desert salt-pans, soda lakes, highly alkaline or acid streams and high di-
versity tropical rivers.

The importance of the benefits derived from wetland products can mediate some 
of the negative aspects associated with wetlands and generate support for policy 
reform and action for wetland conservation. Understanding the links between eco-
system services and human health, especially for local and indigenous communities 
with close associations with wetlands, provides a platform for addressing changes 
in policy and practices to ensure the benefits are maintained or restored. The dif-
ficulties of making such changes are recognized, especially when attempted at a 
catchment scale with attendant complexity and competing needs, necessitating 
trade-offs, co-management and/or incentive schemes, including payment for eco-
system services to ensure some of the wider benefits can be sustained. Schemes for 
payment for ecosystem services have been developed, but are still at an early stage. 
Nevertheless, they are seen as an important option for policy makers and communi-
ties alike.

Sites of Exposure to Water-Borne Infectious Diseases

Derne et al. (2015) provide an overview of the diversity of infectious water-borne 
diseases that humans are exposed to as a result of their association with wetlands, 
and of the manner in which environmental and human factors interact to deter-
mine the overall risk of infection. A proportion of the organisms found in wet-
lands can cause diseases in humans with an expected increase in the disease bur-
den as pressure builds on wetlands, particularly where sanitation infrastructure is 
poor. Understanding the interactions between the multiple factors affecting such 
diseases is difficult and often situation-specific as almost all outbreaks or emer-
gence of disease result from a unique set of circumstances. This necessitates a mul-
tidisciplinary approach in order to establish the potential health gain from inter-
ventions that are aimed at improving ecosystem and human health concurrently, 
much like the ‘One Health’ concept where human health is recognised as being 
intricately linked with that of animals, and with the environment in which they  
coexist.

Knowledge and methods from multiple disciplines are needed to create inte-
grated management plans for wetlands as settings for wetland conservation and for 
minimising the disease burden faced by humans. This includes acknowledging the 
importance of risk mitigation steps that involve the prevention of contamination, 
providing adequate sanitation and maintaining or restoring healthy wetlands. Future 
research needs to include investigations of the complexities of wetland ecosystems 
and the interlinked factors that affect the risk of infection.
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Human Exposures to Pollutants and Toxicants in Wetlands

Horwitz and Roiko (2015) consider the exposure of humans to pollutants and toxi-
cants in wetland settings and identify two principal forms of human exposures: 
(i) where the exposure is determined by the service that is provided (for example 
the presence of a contaminant in drinking water), and (ii) where the conditions 
for exposure occur when services are eroded (for example where an oversupply of 
nutrients overwhelms the water purification capacities of wetlands resulting in an 
exposure to a microbial toxin). Human activities greatly affect the nature of such 
exposures, especially where pollution is involved, with complex interactions and 
difficulties for environmental health practitioners. While steps can be taken to mi-
nimise the health risks resulting from such exposures, the risks can increase if the 
wetlands and their ecosystem services are disrupted. For any resultant interventions 
to be effective the imbalance in ecosystem services needs to be addressed.

An ecosystem approach provides an alternative to the more traditional risk as-
sessment/risk management approach for addressing health risks from environmen-
tal chemicals. This includes determining the upstream socio-cultural and political 
causes of toxicant accumulation and exposure, and examining the wetland settings 
and the trade-offs that are made between ecosystem services. Ecosystem restoration, 
including ecosystem services, could address many of the upstream factors respon-
sible for hazardous environmental exposures to pollutants and other toxicants by 
humans, but are rarely considered within the scope of public health interventions.

Mosquito Borne Disease

Carver et al. (2015) review and evaluate the links that occur between mosquitoes 
that breed in wetlands and disease transmission, and the natural mechanisms that 
regulate these. A particular focus is how wetland health can influence the trans-
mission of disease given the importance of mosquitoes as vectors of pathogens to 
wildlife, livestock and humans. Despite a paucity of information there is a general 
belief that healthy wetlands minimise the risk of mosquito-borne disease to sur-
rounding human and animal populations by regulating the production and domi-
nance of mosquito species that carry or host such diseases. Given the importance 
of these diseases, the lack of data is surprising and suggests that the management 
of such diseases and their causes is reactive, including a predisposition towards the 
use of chemicals to control mosquito populations. It may also reflect the absence of 
any meaningful connection between the public health sector responsible for manag-
ing infectious disease transmission and those responsible for managing wetlands. 
This is an important gap as the interactions between mosquitoes, invertebrates, and 
vertebrates in wetlands are complex and greatly affected by human activities that 
can degrade wetlands or disrupt the balances that would have occurred naturally.

In a public health paradigm, the natural ecological interactions that occur in wet-
lands can be considered a direct ecosystem service, namely the natural mitigation 
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of vector-borne disease risk. This is an important service given the impact of some 
diseases such as malaria. The disruption of these interactions and the balances that 
occur in wetlands due to land-use activities, habitat alteration and biodiversity loss, 
and climatic changes, could disrupt the ecological processes that regulate mosquito 
populations and have severe implications for human health. The maintenance of 
healthy wetlands is likely to have benefits for human health, and provide a more 
cost effective and sustainable way forward than chemical control of vector species. 
Future multidisciplinary research that can bring together the processes that regu-
late the transmission of mosquito-borne diseases is likely to have significant con-
sequences for human health, as well as provide a dividend for biodiversity through 
the maintenance of healthy wetlands.

Livelihoods and Human Health

McCartney et al. (2015) consider the importance of wetlands for supporting and 
sustaining the livelihoods and hence the health of the millions of people who de-
pend on subsistence agriculture, at times with limited access to basic human needs 
such as food and water. Under these conditions, wetlands, through the provision of 
a range of ecosystem services, are a vital asset because of their contribution to basic 
human needs. The “natural capital” of wetlands can be transformed, either directly 
or indirectly, to other forms of capital that can support their livelihoods and well-
being.

Throughout much of the developing world wetlands are places where many peo-
ple live and are vectors for wherefrom they derive much of their livelihoods. The 
extent to which people depend on wetlands is highly specific and influenced by the 
diversity of wetlands as well as local social-economic and cultural circumstances.

For many people, wetlands underpin their food and water security as well as 
other tangible and intangible benefits that affect their health, including their safety. 
Some of these benefits are derived directly from wetlands, such as food and me-
dicinal plants, but, in common with all forms of natural capital, many others are 
only realised when the natural capital supplied by wetlands is switched to other 
forms of livelihood capital, through trade and commerce. However, wetlands can 
also harbour pests and disease (for example, by providing breeding habitat for mos-
quitoes that transmit malaria and snails that are vectors for schistosomiasis) that 
can undermine the health and livelihoods of many people. From a human perspec-
tive the benefits and detriments conferred by wetlands vary considerably with vast 
differences between wetland types, within a wetland type and even, spatially and 
temporally, within a single wetland. These differences need to be considered when 
developing strategies to support efforts to reduce the poverty of local communities 
associated with wetlands, particularly when they depend on the benefits provided 
by wetlands. Economic development that degrades and undermines the productivity 
and sustainability of wetlands could just as readily undermine the natural capital on 
which the poorest and most vulnerable people depend. While support to improve 



C. M. Finlayson et al.258

the livelihoods of local people is not necessarily directly congruent with conserva-
tion objectives, there can be significant and adverse livelihood and health outcomes 
if the balance between conservation and development is not adequately considered.

Urban Wetlands and Community Well-being

Carter (2015) explores the positive health benefits of cultural ecosystem servic-
es, including improved physical and psychological health, increased community 
connection and sense of place, and those derived from community involvement in 
urban conservation, associated with the use and enhancement of urban wetlands. 
These benefits are seen as a counterbalance to the detrimental interactions between 
wetlands and people as a consequence of wetland degradation and exposure to toxi-
cants. The benefits are derived from the role that wetlands play in improving the 
quality of human surroundings and providing aesthetically pleasing places for rec-
reation, education and spiritual development.

Cultural services, such as those mentioned above, have positive relationships to 
human health and are at the centre of efforts to prevent further loss and degradation 
of urban wetlands and where, possible, to restore them. For conservation and resto-
ration to be successful the values of cultural services from urban wetlands need to 
be clearly articulated and used to guide decisions about urban planning. Thoughtful 
decisions about the placement of urban wetlands and the benefits available to urban 
communities could engage and empower people to visit and care for them. The lat-
ter activity could be supported through plans to survey and evaluate the services and 
the level of community benefits that are provided.

Natural Disasters, Health and Wetland

Jenkins and Jupiter (2015) review the direct and indirect health consequences of 
interruptions to wetland ecosystem services associated with disaster events in the 
context of small island developing states in the Pacific and emphasize how longer-
term health effects of natural disasters can be exacerbated when wetland services 
are lost. Given their geographic isolation and level of economic development these 
states are seen as sensitive to natural disasters and may lack the adaptive capacity 
to effectively respond especially as the threat to public health from natural disasters 
may be growing. Additionally, the effects of natural disasters will interact with ef-
fects of climate variability and rapid environmental change.

Because the extent to which wetlands can mediate the impact of disasters and as-
sist recovery is not well understood, it is recommended that the role of wetlands and 
disaster-related epidemiology be further investigated. Doing this could strengthen 
existing models for disaster risk management and wetland conservation, taking into 
account that wetlands can mitigate or contribute to health outcomes from disasters. 
In this respect the health risks from disasters that affect people living in the vicinity 
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of wetlands or are dependent on wetland services cannot be considered in isola-
tion of the wetland setting. The importance of considering the connections between 
wetland settings and disasters is accompanied by a note of caution about the need 
for specific information and evaluation to ensure the connections are understood 
and included, when appropriate, in disaster recovery activities. This could include 
measures to protect and restore wetlands, such as mangroves and those in riparian 
zones, that can help mitigate human exposure to water pollution and storm surge 
associated with disasters. It could also support measures to maintain ecosystem 
services, such as fisheries, that contribute to livelihoods, and the cultural (including 
psycho-social) factors that contribute to human well-being.

International Guidance for Wise Use of Wetlands

Finlayson and Horwitz (2015b) review the guidance developed by the Ramsar Con-
vention to support the wise use of wetlands as a basis for promoting the importance 
of wetlands as settings for human health and well-being. The following topics were 
identified as needing further attention: linking human health and well-being with 
wetland conservation; the maintenance of existing ecosystem services; strengthen-
ing collaboration and partnerships; development of integrated wetland policies; ex-
tending research and information sharing; assessment of the consequences of wet-
land management; addressing the impacts of climate change; and capacity building.

The reciprocal agenda, where wetland management for ecosystem services be-
comes a core pursuit of the health sector, is no less extensive and no less difficult 
to achieve. The challenge remains to bring the interventions from both the health 
and the wetland sectors together. For the wetland sector this could readily build 
on the extensive guidance provided by the Ramsar Convention for the wise use of 
wetlands, and incorporate the importance of wetlands as settings for human health 
and well-being. Reciprocal guidance for the health sector would strengthen the col-
laboration and actions needed to ensure that the importance of wetlands for human 
health and well-being is more widely considered. The reciprocal relationship was 
partly achieved by the Convention’s response to the Millennium Ecosystem As-
sessment whereby purposeful steps were taken to embed human health in guidance 
for wetland management. The development of guidance for the health sector on 
wetlands and human health is seen as an important further step, recognising that the 
sector is both large and diverse.

The convergence that has emerged through recent efforts to specifically address 
wetlands and human health is evident through the scope of the current ‘wise use’ 
handbooks provided by the Convention. While the wise use handbooks were largely 
produced to support wetland conservation from a biodiversity viewpoint, they do 
contain guidance that can be used to support the reciprocal relationship between 
wetlands and human health. This represents a convergence in the conceptual ap-
proaches that have underpinned the wetland and health sectors, recalling that the 
Convention has from the outset recognised the importance of wetlands for people. 
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There is an absence of existing guidance on climate change and wetlands, and the 
impacts of climate change on wetlands and human health. Widely dispersed efforts 
to develop guidance on ecosystem-based adaptation to climate change are expected 
to support the case for developing further guidance on human health and wetlands.

Interventions for Enhancing Human Well-Being

Horwitz et al. (2015) recognise that many of the possible response options for ad-
dressing change in wetlands and human health and well-being are outside the direct 
control of the wetland sector, or even the health sector. Instead they are embedded 
elsewhere, including with authorities responsible for sanitation and water supply, 
education, agriculture, trade, tourism, transport, development, and housing. As a 
consequence, inter-sectoral and cross-sectoral integrated options or interventions 
are needed if the potential impacts of wetland degradation on human health and 
well-being are to be mitigated or avoided.

Interventions will need to take into account existing social values and cultural 
norms, existing infrastructure, and the social, economic, demographic, and politi-
cal driving forces that result in wetland change. Key components of such inter-
ventions will include (i) engagement with representatives from previously margin-
alised stakeholders, (ii) increased transparency and exchange of information be-
tween and within sectors, and (iii) recognition of the core pursuits of other sectors. 
The interventions will vary enormously given local circumstances and range from 
(i) promoting cross-sectoral governance and institutional structures, (ii) promoting 
rationalized incentive structures, (iii) social and behavioural responses which in-
clude capacity building, communication and empowerment; and (iv) technological 
solutions to enhance the multi-functionality of ecosystems. As some interventions 
may involve tradeoffs between the benefits derived from wetlands, and between 
stakeholders, it is important to understand the consequences of choosing one option 
in preference to another. While recognising the potential for tradeoffs is an impor-
tant step it will also be necessary to establish transparent processes by which these 
can be negotiated especially given the close relationship that exists between food 
production, water use and water extraction. The closeness of this relationship drives 
a broad societal objective for those charged with wetland management, an objective 
that extends far beyond nature conservation and a simplistic approach to natural 
resource management. Because the pressures that impair the capacity of many com-
munities to prepare for their future are very much the same as those that can impede 
attempts to make use of wetlands, it is necessary for wetland managers to work with 
communities if the human health and well-being benefits of healthy wetlands are to 
be realised. This can include capacity building to develop community resilience in 
support of wider efforts to help achieve the Millennium Development Goals, and 
the next generation thereof post 2015.
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Healthy Wetlands: On Settings and Services

The above text provides examples of both the benefits for human health and well-
being derived from wetlands, as well as the potential for adverse outcomes if the 
ecological characteristics of wetlands are not considered when making decisions 
about wetlands and human health issues. This includes the potential for livelihoods 
to be adversely affected through the loss of access to basic needs such as clean water 
and food, as well as increased exposure to disease, or to physical hazards such as 
flooding. The importance of the ecosystem services derived from wetlands has been 
widely illustrated and documented since the publication of the landmark reports by 
the Millennium Ecosystem Assessment (MEA 2005) and the Ramsar Convention 
(Horwitz et al. 2012) on human health, well-being and wetlands.

The perspectives and the examples given in this book provide more resolution 
to what it means for a wetland to be ‘healthy’. Finlayson and Weinstein (2008) 
proposed that wetland health should be based on social values and indicators and 
that this would be consistent with ecosystems services as a component of the eco-
logical character of wetlands. They argued that a socially-oriented approach could 
comprise the following steps:

•	 establish the best possible reference condition, given acceptable land or water 
use;

•	 make judgements based on uses of human amenity derived from the wetland;
•	 acknowledge that restoration may be necessary, especially where wetland uses 

prove to be non-sustainable; and
•	 accept that changes in use/amenity can change the condition and hence percep-

tion of the health of the wetland.

Horwitz and Finlayson (2011) argued that “A claim to “healthy ecosystems” comes 
from the inclusion of the systems thinking required to make judgments on the desir-
ability of an ecological character. It is also explicit about the health of components 
of the ecosystem (including humans), and whether organizations are adaptive and 
responsive to ecosystem changes.”

Both definitions draw on the ecosystem as a location, providing goods and ser-
vices, and a context for the way people live their lives and make decisions. This is 
consistent with the dual concepts of ‘settings’ and ‘ecosystem services’.

The ‘settings’ approach from health promotion was first enunciated in the Otta-
wa Charter (WHO 1986) whereby the wetland is the ‘setting’ in which people “take 
care of each other, our communities and our natural environment”. The setting also 
includes the institutional and governmental aspects required to deliver health ser-
vices, to address health inequalities, and to intervene for public health. Ecosystem 
services derives from ecological economics, which starts from the assumptions that 
main-stream market economics externalises the environment, and that when taken 
for granted, places our environment and human well-being at peril. The marriage of 
these concepts is rarely achieved in natural resource management, let alone public 
health, yet it offers considerable scope to both (Horwitz and Finlayson 2011).
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The key message from this book then is that wetlands (as places of water on land, 
and where water shapes the land), and human health (which in its richest sense ad-
dresses the well-being of people, beyond ill-health or the absence of disease), are 
interconnected and to a certain extent interdependent. For multiple reasons outlined 
herein, there are benefits to be gained when the public sector in general, and the 
health sector in particular, might intervene to enhance human well-being by ad-
dressing the erosion of ecosystem services in wetlands.
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