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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.
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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-
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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 (Mclvor 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 300400 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, H,S) 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 Nifia, 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).
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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
etal. 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).
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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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Fig. 2 Suspected leptospirosis cases after sequential flooding disasters following tropical storm
events—Western Division, Fiji, 2012. (Reprinted with permission from WHO 2013)

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).
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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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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

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
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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

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-
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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
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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 (Mclvor 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 (Mclvor et al. 2012). Recent evidence
suggests that mangrove surface soils are rising at similar rates to sea level in a
number of locations (Mclvor 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 (Mclvor 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.
Mclvor 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). I[IM 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.

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.

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
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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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