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Abstract 

The tropical seascape is herein defined as a landscape made up of five 
ecosystems: coastal terrestrial forests, mangrove forests, seagrass beds, coral reefs 
and the deep sea. Previous studies have shown that men and women use the 
tropical seascape in different ways. If the seascape was to change as a result of 
anthropogenic climate change, then men and women could potentially be affected 
differently by those changes. The seascape is particularly vulnerable to the 
predicted rise in sea-level and ocean warming, but the coastal terrestrial forests 
and mangrove forests are in addition vulnerable to the increased storms and 
hurricanes a warmer climate is predicted to lead to. While men and women utilizes 
these ecosystems in many different ways, this study found, based on the literature 
reviewed, that in a worst-case scenario all parts of the seascape could potentially 
be destroyed and none of the activities performed there today could be performed 
in the future. The deep sea would not be destroyed, but the fish living there would 
move to higher latitudes and deeper waters, effectively ending the fishing practices 
in the tropical waters. To save the tropical seascape anthropogenic climate change 
would have to stop on a global scale, since the problem cannot be solved on a local 
or regional level. 

 
Keywords: climate change, tropics, tropical seascape, seagrass beds, coral reefs, 
mangrove forests, vulnerability 
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1. Introduction 

In this essay the tropical seascape is defined as a tropical landscape at sea made 
up of five ecosystems: coastal terrestrial forests, mangrove forests, seagrass beds, 
coral reefs and the deep sea. Men and women living in tropical climates use the 
different ecosystems in the tropical seascape in different ways (Börjesson, 2012). 
Women stay closer to the shore, since the deeper parts of the seascape require 
swimming skills and access to boats, something most women do not possess 
(ibid.). Women are also expected to deal with all the household responsibilities, 
meaning it is impossible for them to be out at sea all day: their activities in the 
seascape are limited to a few hours every day, while men, on the other hand, are 
expected to be out at sea during the days and bring in fish that will generate a 
larger income for their families (ibid.). 

There are many threats to the seascape as it is today, some natural, but many of 
them results of human activities, such as over-fishing, coastal development, 
damaging fishing practices, sewage practices, et cetera (Short, et al., 2011). 
Another threat is anthropogenic climate change, also known as the greenhouse 
effect: when an increase of greenhouse gases as CO2, CH4, and N2O alters the 
radiation balance and slowly raises the temperature and alters the climate 
(Roessig, et al., 2004; Pachauri & Reisinger, 2007).  

Since climate change affects all of earth it will also affect the seascape: since 
men and women use the seascape in different ways climate change may affect men 
and women in different ways and with different magnitude. This study aims to 
discuss the different ways men and women working in the tropical seascape may 
be affected by climate change during the coming decades, based on literature 
reviews. My hypothesis is that women will be affected worse than men by climate 
change because they utilize fewer parts of the seascape. 

1.1 Climate change 

The IPCC (Intergovernmental Panel on Climate Change) defined climate change 
as “a change in the state of the climate that can be identified by changes in the 
mean and/or the variability of its properties, and that persists for an extended 
period, typically decades or longer”, and this could refer to changes due to natural 
events or human activities (Pachauri & Reisinger, 2007). Since the industrial 
revolution a lot of compounds that existed in the atmosphere in low quantities 
have been added much faster and in larger quantities than before, as a direct result 
of human activities (Roessig, et al., 2004): this has most likely contributed to the 
surface temperature increase taking place over almost all of earth (the exception 
being Antarctica) during the last fifty years (Rozensweig, et al., 2007).  

However, when discussing the effect of climate change on certain species or 
ecosystems, it is important to realize that the temperature rising is only one of 
many effects climate change will have on the planet. It has been predicted that 
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during this century, ocean temperatures will increase, the sea-level will rise, 
flooding, droughts, fire, insects, pests, and diseases will increase and the 
precipitation in tropical regions of Central and South America and in West Africa 
will decrease whereas in East Africa and Southern Asia the precipitation will 
increase (Alongi, 2008). Given all these factors, it is unlikely that ecosystems and 
certain species would not be affected. 

As the temperature increases, the sea-level will rise: not only because of the 
melting of icebergs, glacier and other iced landforms that are going to contribute a 
greater mass of water to increase the volume of the oceans (Pachauri & Reisinger, 
2007), but also as a result of freshwater causing a higher density in the ocean 
water (Michener, et al., 1997). As more freshwater becomes available in the ocean, 
the salinity and density will decrease, and the sea-level will rise due to thermal 
expansion, eventually leading to a warming commitment: meaning that the sea-
level will continue to rise even if the change in the climate is stopped (ibid.). 

Warmer sea-water leads to higher evaporation, and since ‘high relative 
humidity in the middle troposphere’ and ‘high subsurface ocean-water’ are two of 
six principal factors related to the formations of hurricanes (the other four are 
distance from the equator, low values of vertical shear, high air-temperature 
gradients and previous levels of cyclone activity); it is therefore very likely that 
climate change will also bring about more frequent and more intense hurricanes 
(Michener, et al., 1997). It has also been suggested that the damage from 
hurricanes will increase with 40-50% if the atmospheric CO2 doubles (ibid.); and 
CO2 concentration in the atmosphere is predicted to increase by 1.6 – 1.9 % every 
year (Alongi, 2008). 

The concept of “blue carbon” refers to how coastal, vegetated ecosystems such 
as mangrove forests and seagrass beds are important carbon sinks: especially 
when comparing how much carbon they store to how much is stored in terrestrial 
ecosystems (Mcleod, et al., 2011). This has been attributed to their efficiency in 
trapping sediments and their high primary production (ibid), since most of the 
blue carbon is found in the soils or sediments (Blue Carbon Community, 2013). 
Blue carbon can be stored this way for millennia (The Blue Carbon Fund, 2013), 
however blue carbon cannot stop the anthropogenic climate change (Mcleod, et al., 
2011). It is still important that these carbon sinks are protected for the future, 
because if these ecosystems are destroyed the blue carbon sinks will instead 
become a source of carbon and contribute to climate change (Blue Carbon 
Community, 2013). This study will not focus on blue carbon per se, however it is 
important to keep in mind that the destruction of these ecosystems due to climate 
change could become a positive feedback effect due to the release of blue carbon. 

Climate change may be a global problem, but it will have local consequences and 
it is important to study these local consequences, as well as the global problems, to 
fully understand the effect of climate change. 
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2. Material and methods 

As this is a literature study the material has been a variety of published articles. 
Table 1 shows which key words and which databases were used to find which 
article. The focus has been on finding literature relating to climate change and the 
identified ecosystems in the seascape. The literature search started with a few 
articles and key authors that were recommended to me: these were then used to 
link forward to other important publications. Due to time restraints I have limited 
myself to the database Web of Science. 

 
Table 1. Flowchart of search terms and databases 

Key words Database Article Author 
Author=(ronnback p) Web of 

Science 
The ecological basis for economic 
value of seafood production 
supported by mangrove 
ecosystems 

(Rönnbäck, 
1999) 

Author=(ronnback p) Web of 
Science 

Ecosystem services of the tropical 
seascape: interactions, 
substitutions and restorations 

(Moberg & 
Rönnbäck, 
2003) 

Topic=(coastal 
tropical forests) AND 
Topic=(climate 
change) 

Web of 
Science 

Consequences of Climate Change 
on the Ecogeomorphology of 
Coastal Wetlands 

(Day, et al., 
2008) 

Title=(Response 
scenarios for the 
deltaic plain) 

Web of 
Science 

Response scenarios for the deltaic 
plain of the Rhone in the face of 
an acceleration in the rate of sea-
level rise with special attention to 
Salicornia-type environments 

(Pont, et al., 
2002) 

Topic=(coastal 
tropical forests) AND 
Topic=(climate 
change) 

Web of 
Science 

Climate Change, Hurricanes and 
Tropical Storms, and Rising Sea 
Level in Coastal Wetlands 

(Michener, et 
al., 1997). 

Topic=(coastal 
tropical forests) AND 
Topic=(climate 
change) 

Web of 
Science 

Mangrove forests: Resilience, 
protection from tsunamis, and 
responses to global climate 
change 

(Alongi, 2008) 

Topic=(mangroves*) 
AND Author=(crona 
b) 

Web of 
Science 

The return of ecosystem goods 
and services in replanted 
mangrove forests: perspectives 
from local communities in Kenya 

(Rönnbäck, et 
al., 2007) 

Author=( de la torre-
castro) 

Web of 
Science 

Seagrass Ecosystems in the 
Western Indian Ocean 

(Gullström, et 
al., 2002) 

Topic=(seagrass beds) 
AND Topic=(climate 
change) 

Web of 
Science 

The effects of global climate 
change on seagrasses 

(Short & 
Neckles, 1999) 

Topic=(seagrass) AND 
Topic=(climate 
change) 

Web of 
Science 

Extinction risk assessment of the 
world’s seagrass species 

(Short, et al., 
2011) 

Topic=(seagrass) AND 
Topic=(climate 

Web of 
Science 

Long-term climate-associated 
dynamics of a tropical seagrass 

(Rasheed & 
Unsworth, 
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change meadow: implications for the 
future 

2011) 

Title=(critical 
evaluation of the 
nursery) AND 
Author=(heck) 

Web of 
Science 

Critical evaluation of the nursery 
role hypothesis for seagrass 
meadows 

(Heck Jr, et al., 
2003) 

Author=(thyresson) Web of 
Science 

Tracing value chains to 
understand effects of trade on 
coral reef fish in Zanzibar, 
Tanzania 

(Thyresson, et 
al., 2013) 

Topic=(coral reef) 
AND Topic=(climate 
change) 

Web of 
Science 

Global assessment of coral 
bleaching and required rates of 
adaptation under climate change 

(Donner, et al., 
2005) 

Topic=(coral reef) 
AND Topic=(climate 
change) 

Web of 
Science 

Boring sponges, an increasing 
threat for coral reefs affected by 
bleaching events 

(Carballo, et al., 
2013) 

Topic=(coral reef) 
AND Topic=(climate 
change) 

Web of 
Science 

Climate change and coral reef 
bleaching: An ecological 
assessment of long-term impacts, 
recovery trends and future 
outlook 

(Baker, et al., 
2008) 

Topic=(coral reef) 
AND Topic=(climate 
change) 

Web of 
Science 

Global change and coral reefs: 
impacts on reefs, economies and 
human cultures 

(Wilkinson, 
1996) 

Topic=(coral reef) 
AND Topic=(climate 
change) 

Web of 
Science 

Coral reefs studies and threats in 
Malaysia: a mini review 

(Praveena, et 
al., 2012) 

Title=(environmental 
limits to coral reef) 

Web of 
Science 

Environmental limits to coral reef 
development: Where do we draw 
the line? 

(Kleypas, et al., 
1999) 

Topic=(pelagic) AND 
Topic=(climate 
change) AND 
Topic=(tropical) 

Web of 
Science 

Potential consequences of climate 
change for primary production 
and fish production in large 
marine ecosystems 

(Blanchard, et 
al., 2012) 

Topic=(pelagic) AND 
Topic=(climate 
change) AND 
Topic=(tropical) 

Web of 
Science 

A decade of climate change 
experiments on marine 
organisms: procedures, patterns 
and problems. 

(Wernberg, et 
al., 2012) 

Topic=(fish) AND 
Topic=(climate 
change) AND 
Topic=(tropics) 

Web of 
Science 

Potential impacts of climate 
change on marine wild capture 
fisheries: an update 

(Perry, 2011) 

Topic=(fish) AND 
Topic=(climate 
change) AND 
Topic=(tropics) 

Web of 
Science 

Large-scale redistribution of 
maximum fisheries catch 
potential in the global ocean 
under climate change 

(Cheung, et al., 
2010) 

Topic=(fish) AND 
Topic=(climate 
change) AND 
Topic=(tropics) 

Web of 
Science 

Effects of global climate change 
on marine and estuarine fishes 
and fisheries 

(Roessig, et al., 
2004) 

Title=(Warming and 
resource availability 
shift food web 
structure and 

Web of 
Science 

Warming and resource 
availability shift food web 
structure and metabolism 

(O'Connor, et 
al., 2009) 
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metabolism) 
Title=(Increasing 
importance of small 
phytoplankton in a 
warmer ocean) 

Web of 
Science 

Increasing importance of small 
phytoplankton in a warmer ocean 

(Morán, et al., 
2010) 

Blue carbon Google.com www.bluecarbonportal.org (Blue Carbon 
Community, 
2013) 

Blue carbon Google.com www.thebluecarbonproject.com (The Blue 
Carbon Fund, 
2013) 

Title=("blue carbon") Web of 
Science 

A blueprint for blue carbon: 
toward an improved 
understanding of the role of 
vegetated coastal habitats in 
sequestering CO2 

(Mcleod, et al., 
2011) 

IPCC Google.com Chapter 1: Assessment of 
Observed Changes and Responses 
in Natural and Managed Systems. 

(Rozensweig, et 
al., 2007) 

IPCC Google.com Contribution of Working Groups I, 
II and III to the Fourth Assessment 
Report of the Intergovernmental 
Panel on Climate Change 

(Pachauri & 
Reisinger, 
2007) 
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3. Results and discussion 

Five key ecosystems have been identified as parts of a tropical seascape: 
terrestrial coastal forests, mangrove forests, seagrass beds, coral reefs and the 
deep sea; although the mangrove forest may not always be present. In those cases, 
the terrestrial coastal forests seem to be used in a similar way. 

3.1 Terrestrial Coastal Forests 

The coastal vegetation is the part of the seascape where land and sea meet, and 
the vegetation is often influenced by local conditions (chemical and physical) as 
well as the climate (Semesi, 2012). The vegetation is typically adapted to the harsh 
environment, like the high salinity, lack of freshwater, high light intensity, nutrient 
deficient soil, and shifting sands (ibid.). The herbaceous coastal plants usually have 
low species diversity in their communities, and the plants are adapted to the 
stressful life in the coastal forests (ibid.). 

Coastal vegetation reduces tsunami impacts, and also works in trapping and 
accumulating organic and sediment material (Semesi, 2012). It reduces erosion 
among the plants, as well as providing coastal communities with goods and 
services (ibid.). Because of their high secondary production and how easily 
accessible they are for humans (both via water and land), many of the world’s 
largest cities are situated in coastal areas (Michener, et al., 1997). 

3.1.1 Usage by men and women 

Table 2. Terrestrial coastal forests usage by men and women (Börjesson, 2012).  
Villages with mangroves Villages without mangroves 

Men Women Men Women 
Agriculture Agriculture Agriculture Agriculture 
Firewood 
collection 

Firewood 
collection 

Firewood 
collection 

Firewood 
collection 

Fruit collection Fruit collection Fruit collection Fruit collection 
Building material 
collection 

Building material 
collection 

Building material 
collection 

--- 

--- --- Collection of twigs 
for local fish traps 

Collection of twigs 
for local fish traps 

--- --- Medicine 
collection 

 

--- --- Collection of stick 
for seaweed 
farming 

Collection of stick 
for seaweed 
farming 

--- --- --- Rope making 
 

In villages with mangroves, coastal terrestrial forests are used for four different 
purposes: firewood collection, fruit collection, building material collection and for 
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agricultural purposes (Börjesson, 2012). Most of these activities are performed by 
women, but most of the men (> 50 %) help out as well: the exception being 
building material collecting, which occupied 33 % of the women and 50 % of the 
men (ibid.). 

In villages without mangroves, terrestrial coastal forests takes on a larger role, 
and are also used for collection of twigs for local fish traps, medicine collection, 
collection of sticks for seaweed farming, and rope making (Börjesson, 2012). 
However only a small percentage of the people (< 33 %) occupy themselves with 
these additional trades, and men do a lot more of the agriculture and firewood 
collection than in villages with mangroves (ibid.). 

3.1.2 Possible effects of climate change 

The most pressing effect of climate change for any regions near the ocean is the 
rising sea-level and change in precipitation and freshwater input; changes that 
could very well be accelerated depending on human activities nearby (Day, et al., 
2008), such as constructions of dams, impoundments, and dikes (Pont, et al., 
2002). Sea level rise in particular will affect the coastal regions: if the sea levels 
rise, the coastal terrestrial forests will be submerged under water and the 
geomorphology of the landscape changed (Day, et al., 2008). 

Storms and hurricanes play an important role in shaping the coastal landscape, 
similarly to how fire will influence semi-arid regions, or snow melt in montane 
systems (Michener, et al., 1997). Storms and hurricanes destroy the forests 
temporarily, and if the frequency with which storms appears increases, then the 
ecosystems might not have time to reestablish themselves before the next storm 
hits (Day, et al., 2008). Large trees tend to be uprooted more often than smaller 
trees, which means one storm could greatly alter the forest composition if enough 
trees were destroyed (Michener, et al., 1997). 

The freshwater input could also change the coastal forests; if it is reduced, it 
could result in salinity intrusion in some areas, which eventually could kill off 
salinity-sensitive vegetation (Day, et al., 2008). 

3.1.3 Summing up 

Considering that both men and women use the coastal terrestrial forests in 
much the same way (gathering different types of woods and plants), storms 
disrupting the ecosystems or the sea-level rising and submerging the forests, 
would theoretically impact both genders almost equally. Since the coastal 
terrestrial forests are used for building, anyone depending on those ecosystems 
would be greatly affected if they disappeared, but looking at the livelihood of both 
genders, it seems unlikely that one gender would be more affected than the other. 
It is possible that women are more dependent on the forests, since they don’t have 
access to the all parts of the seascape and would therefore have fewer alternatives 
if the forests were not there anymore. 
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3.2 Mangrove Forests 

 
Figure 1. Mangrove (Rhizophora sp.) in Queensland. Photo: Muriel Gottrop. Image is public domain. 

Mangroves trees are woody plants growing with their roots in salt or brackish 
water (figure 1), but the term “mangrove” also refers to the ecosystem where they 
grow (Lugomela, 2012). Mangroves are not present in all tropical seascapes, and 
many of the activities performed in the mangroves will then be performed in the 
coastal tropical forests (Börjesson, 2012). 

Mangroves are highly productive ecosystems, providing the coastal waters with 
nutrients as well as filtering out contaminants, while also protecting coast lines 
and supporting productive coastal fisheries (Moberg & Rönnbäck, 2003). In the 
same manner, they also protect seagrass beds and coral reefs from sediments, and 
they provide many marine organisms (especially fish) with shelter, breeding 
grounds, and food (Rönnbäck, 1999). 

The ecological services humans get from mangroves, mimics those of the coastal 
terrestrial forests: the trees provides protection against floods, hurricanes and 
shoreline erosion, as well as supplying the people with products such as building 
materials and medicines (Rönnbäck, 1999). 
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3.2.1 Usage by men and women 

Table 3. Mangrove forest usage by men and women (Börjesson, 2012).  
Villages with mangroves 

Men Women 
Firewood collection Firewood collection 
Building material collection Building material collection 
Invertebrate collection Invertebrate collection 
Charcoal making Charcoal making 
 

Mangroves are used for firewood collection, building material collection, 
invertebrate collection and charcoal making, with women collecting more 
firewood and invertebrates than men (Börjesson, 2012). Another study (Rönnbäck, 
et al., 2007) recognized 24 different ecosystem goods from mangroves, including 
seven types of food, two types of fuel , three different usage as construction 
materials, four household items, and eight other goods and services (such as 
traditional medicine, fodder, fishing bait), but did not specify which activities were 
performed by women and which by men. However, the study says women had a 
better knowledge of four goods: molluscs, fodder, raw material for handicrafts and 
fishing bait, implying that women tend to use mangroves for invertebrate 
collecting more than men do. 

3.2.2 Possible effects of climate change 

As with coastal tropical forests, hurricanes are capable of destroying mangroves 
forests and would pose a great threat to them, should the storm frequency increase 
(Michener, et al., 1997). Since mangrove trees are dependent on salt or brackish 
water to grow in, an influx of fresh-water could potentially have a negative effect 
on the trees as well (ibid.). A rise in sea-level would similarly affect the mangroves, 
and has been cited as one of the greatest potential threats (Lugomela, 2012). 
Studies have shown that while seedlings initially grow faster with increased sea-
levels, in their latter life stages the growth slowed down rapidly and in the end 
they only grow to 10-20% the size of trees in the current sea-level (Alongi, 2008). 
However, other studies shows that different mangroves species are affected in 
different ways by flooding, implying that a rising sea-level could dramatically alter 
the mangrove forests composition (ibid.). 

The effect of increased levels of CO2 seem to differ between different species of 
mangroves trees and plants in the ecosystems, but studies do not suggest that the 
primary net production would be affected, either positively or negatively (Alongi, 
2008). It is, however, possible that the growth pattern in the mangroves could 
change, depending on how each species is affected by the rise in CO2 levels (ibid.). 
A rise in temperature seems to affect the mangroves in a positive way: their 
photosynthesis and respiration rate is predicted to increase if the temperature 
rises, at least if it stays in the range of <30-33 °C (ibid.). Temperature rising above 
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33 °C would make the mangroves less productive, but the tropical regions are 
expected to experience a lower temperature rise than the boreal regions in general 
and mangroves may therefore not be affected by this (ibid.). 

A loss of mangroves trees would be a devastating blow to the mangrove 
ecosystem, since invertebrates and fish living there do so mainly for food reasons: 
seeing as a lot of the high primary production is due to the trees themselves and 
their epiphytes (Rönnbäck, 1999), a lot of the nutrition would be lost with the 
trees. Molluscs have always been abundant in mangrove ecosystems, but their 
number has decreased rapidly during recent years because of the over-collection 
and habitat destruction in the mangrove forests; many oysters and mussels use 
mangrove roots and the lower part of their trunks as substrate (Rönnbäck, 1999). 
This has been prevented in some places by placing artificial substrates – rafts, 
stakes, or ropes – for the molluscs to live on (ibid.). 

Leaf litter fall in mangroves is usually extensive, and is later consumed by the 
crabs living in the mangrove; the crabs in turn are consumed by the fish 
(Rönnbäck, 1999). Small sergestids and palaemonid shrimps similarly feed on the 
mangrove detritus, later to be consumed by organisms higher up in the food web 
(such as fish and shellfish), and are therefore considered key species in the 
mangrove food web (ibid.). If the mangrove trees disappeared, the consequences 
would be felt through-out the food web. 

The greatest threat to mangroves is the overexploitation by humans, as it is 
being overharvested for fuel and converted into large-scale commercial 
developments (like aquaculture, agriculture, mining and salt extraction) 
(Rönnbäck, et al., 2007).  According to some predictions all mangroves forests 
could be lost during the next 100 years with the current loss rate (Lugomela, 
2012). 

3.2.3 Summing up 

Since men use the mangroves much in the same way as they do the coastal 
terrestrial forests, their activities would be greatly affected by anything reducing 
the tree growth or abundance. The predicted increased storm frequency would 
destroy the mangroves, and men would be forced to use other types of trees for 
building material or charcoal making. 

While women also use the mangrove trees for fuel, invertebrate collection is an 
important part of their use of the mangrove forests, and it seems likely that if the 
mangroves were to disappear – for any reason – the invertebrates using them as 
substrate and depending on them for nutrition would be affected too. Even if 
substrate substitutions could be used, the nutrition provided by the trees would be 
lacking, and the invertebrates would have nothing to feed on. This would be felt 
higher up in the food web, meaning less fish for the fishermen as well. 
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3.3 Seagrass beds 

 
Figure 2. White-spotte puffer, Arothron hispidus, in a seagrass bed. Photo: Jan Derk. Image is public 
domain. 

Seagrasses are marine vascular, rhizomal plants which are found in intertidal or 
subtidal coastal waters, where they form “beds” or “meadows”, usually on soft 
substrates (figure 2), consisting of one or several species of seagrass (Short, et al., 
2011). They are one of the most productive aquatic ecosystems in the world (ibid.). 

Seagrass beds function as nursing grounds, providing food, refuge, a place to 
breed and grow for several marine species (Gullström, et al., 2002). Whether they 
in fact function as a hiding place has been debated (Heck Jr, et al., 2003), but in 
seagrass beds there is typically a higher diversity and abundance of organisms 
than in nearby unvegetated areas (Gullström, et al., 2002). 

They offer a wide range of habitats, which makes it suitable for a large variety of 
organisms to reside there: pelagic, benthic and demersal species lives in the 
seagrasses, while the sediment at the bottom is home to different types of 
invertebrates, such as crustaceans, bivalves, polychaetes, nematods, cumaceans, 
holothuroids and phoroniods (Gullström, et al., 2002). 

Even without climate change, there is a lot of evidence that the seagrass beds 
are declining globally due to anthropogenic factors (Semesi, 2012), such as coastal 
constructions, dredging, damaging fishing practices, and mechanical damage from 
boats (Short, et al., 2011). 
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3.3.1 Usage by men and women 

Table 4. Seagrass bed usage by men and women (Börjesson, 2012).  
Villages with mangroves Villages without mangroves 

Men Women Men Women 
Fishing activities Fishing activities Fishing activities Fishing activities 
Invertebrate 
collection 

Invertebrate 
collection 

--- Invertebrate 
collection 

--- Seaweed 
mariculture 

--- Seaweed 
mariculture 

Building material 
collection 

Building material 
collection 

Building material 
collection 

--- 

Collection of 
fertilizer 

--- Collection of 
fertilizer 

Collection of 
fertilizer 

Collection of 
medicine 

--- Collection of 
medicine 

--- 

 
The seagrass beds are used for the same purposes in villages with and without 

mangroves: fishing activities, invertebrate collection, seaweed mariculture, 
collection of fertilizer, and collection of medicine (Börjesson, 2012). The men are 
doing most of the fishing, while the women are doing most of the invertebrate 
collection and seaweed mariculture; collection of fertilizer and medicine is a small 
part of the usage, and mostly done by men (ibid.). 

3.3.2 Possible effects of climate change 

The already mentioned rise in sea-level would naturally affect anything living in 
the ocean just as much as it affects organisms living close to it. Several studies have 
shown the connection between seagrass distribution and water depth: the rise in 
sea-level would greatly influence how much sunlight will be available at the 
bottom and in turn determine where the seagrasses could grow in the future 
(Short & Neckles, 1999). Less sunlight will make the seagrass beds a lot less 
productive and diverse in their composition, meaning they will provide fewer 
services for other organisms (ibid.). The impact this will have on the seagrass beds 
depends on the location, but predictions say that if the sea-level rises with 50 cm, 
then 50 % less sunlight will be available for the seagrasses, something that could 
reduce the seagrass beds with up to 40 % (ibid.). 

As the concentration of CO2 rises, at first it could benefit the seagrass beds and 
make them more productive (Gullström, et al., 2012), but how great this effect 
would be depends on how much carbon is already available in the system and how 
high different species carbon-extraction capacity is: species that can’t use HC3 or 
exploit sediment CO2 would benefit more from a rise in CO2 concentration than 
species that are already using HC3 and sediment CO2 (Short & Neckles, 1999).  

Another effect of climate change would be a rise in temperature, which of 
course will extend to the oceans. A study (Rasheed & Unsworth, 2011) found that if 
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the average maximum daily temperature rises 0.5 °C, then the seagrass biomass of 
the studied area would decrease by 21 %; if the temperature rises with 1.4 °C then 
by the year 2070 the decrease could be between 53 - 100 %. In Zostera marina, a 
rising temperature would increase the leaf respiration but not at the same rate as 
the photosynthesis, meaning the photosynthesis-to-respiration ratio would 
decrease with the rising temperature (Short & Neckles, 1999). Another effect 
would be that the Z. marina would have a seasonal growth optimum, when the 
temperature is lower and the P : R ratio is higher (ibid.). 

With a thinning ozone layer, more harmful UV radiation will reach earth: the 
UV-B radiation reaches depths of 10 m (even as much as 70 m in the Antarctic 
Ocean), and therefore it will reach the seagrass beds (Short & Neckles, 1999). In 
seagrasses, UV-B radiation inhibits the photosynthesis, or at the very least 
increases the energy costs of providing the plant tissue with UV-B blocking 
compounds (ibid.). Those blocking compounds may however also protect the 
seagrass from herbivores and decrease the rate of decaying, so a secondary effect 
of the UV-B radiation would be that more carbon is fixed in the system, although if 
the CO2 concentration rises it is possible that these effects might cancel each other 
out (ibid.). 

If the mangroves are destroyed – as predicted – they will not protect the 
seagrass beds from sediments anymore, and suspended sediments will negatively 
affect the water clarity and quality (Short, et al., 2011), this will of course mean 
less sunlight available for the seagrasses and therefore less photosynthesis taking 
place.  

Storms that harms the terrestrial and mangrove ecosystems don’t necessarily 
have to affect the seagrasses (Short & Neckles, 1999), and increased storms will 
probably not in themselves harm the seagrass beds. Changes in the precipitation 
are not likely to affect the seagrass beds more than the annual variation already 
does (Rasheed & Unsworth, 2011). 

3.3.3 Summing up 

The loss of the seagrass will not only affect the seagrasses, but the associated 
fauna in them: because of their high marine biodiversity this will be felt in a 
number of species, among them fishes, invertebrates, turtles and marine mammals 
(Short, et al., 2011). This means that not only will the women be affected, since 
they are mostly collecting invertebrates and farming the seaweeds, men will be 
equally affected since they will no longer be able to continue their fishing activities. 
Men and women also share a lot of these responsibilities, with the notable 
exception of no men doing seaweed farming: this alone will affect the women. 
Collection of fertilizer and medicine is a small part of the usage of the seagrass 
beds, but it may still be important and not easily substituted by other ecosystems. 
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If it is indeed so that fish uses the seagrass beds as nursing grounds, losing them 
would mean less fish live to reach an adult stage and it would greatly affect the 
fishing opportunities in the seascape. 
  



Possible Effects of Climate Change in Tropical People Using a Gender Perspective 

17 
 

3.4 Coral reef 

 
Figure 3. Coral reef with Pseudanthias squamipinnis, Gulf of Eilat Red Sea. Photo: David Darom. Image 
is public domain. 

Coral reefs (figure 3) thrive in warm and shallow sea water where the water 
temperature is 26 - 29° C, the water depth is no more than 25 m, and where they 
get the right amount of light, salinity, sedimentation and air exposure, meaning 
warm tropical shallow saltwater is ideal for them (Kleypas, et al., 1999). Most 
common in coral reefs are fish and corals (living coral, coral skeletons and calcium 
deposits from other sea organisms), but under the right conditions a number of 
other organisms live there as well, such as crustaceans, molluscs, sponges, algae, 
seagrass, polychaetes, bryozoans, echinoderms, ascidians and zoanthids (Muhando 
& Mohammed, 2012), meaning that coral reefs are one of the most biologically 
diverse ecosystems on the planet (Praveena, et al., 2012). 

3.4.1 Usage by men and women 

Table 5. Coral reef usage by men and women (Börjesson, 2012).  
Villages with mangroves Villages without mangroves 

Men Women Men Women 
Fishing activities --- Fishing activities --- 

--- --- Tourist activities --- 
--- --- --- Invertebrate 

collection 
 
In villages with mangrove forests, coral reefs are only used for fishing, and only 

by a few men; in the villages with mangroves, 73% of the men use the coral reefs 
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for fishing, while some of them use it for tourist activities, and a few women collect 
invertebrates there (Börjesson, 2012). 

Coral reefs are important for rural coastal populations, as they are a source of 
seafood and income, although the value for humans is defined by the state of the 
ecosystem (Thyresson, et al., 2013). Fish play an important role in maintaining the 
ecosystem, whether the fish is upholding the food web or controlling the algae 
growth (ibid.). 

3.4.2 Possible effects of climate change 

Coral reefs are well-adapted to sustain short-term natural events, but not at all 
to survive long-term events, such as anthropogenic climate change, coral 
bleaching, and sea level rise (Praveena, et al., 2012). Other stresses to coral reefs 
are El Ninõ Souther Oscillation, reduced calcification potential, ocean circulation 
changes, precipitation, and storm patterns (ibid.). 

Coral reefs are very sensitive to changes in their physical environment: for 
example, high sea water temperatures, caused by global warming, leads to 
bleaching of the coral reefs (Baker, et al., 2008). Bleaching is the whitening of 
corals, which occurs when the conditions necessary to sustain the coral’s symbiotic 
protozoa (zooxanthellae) cannot be maintained (Muhando & Mohammed, 2012). 
Every documented bleaching event has been caused by high temperatures, usually 
1 - 1.5 °C above the seasonal maximum mean temperature (Baker, et al., 2008), or 
a temperature decline with 3 - 5 °C for 5 - 10 days (Muhando & Mohammed, 2012). 
Unless the conditions improve, the corals may expel their zooxanthellae and the 
bleaching will lead to coral death (ibid.). 

Predictions say that low-intensity bleaching could happen as often as once 
every 2 years on coral reefs by the latter half of the century (Donner, et al., 2005), 
and if bleaching occurs more frequently, coral reefs might not be able to recover 
from mass bleaching like they do today (Carballo, et al., 2013). Globally, the coral 
reefs would have to increase their thermal tolerance by 0.5 - 1 °C during the next 
twenty years, thus making sure the low-intensity bleaching events only occur 
every 5 years (Donner, et al., 2005). Higher thermal tolerance might lead to a 
trade-off with other physical attributes, possibly slower and less vigorous growths, 
and it might also make the corals less resistant to other stresses, such as over-
fishing and disease, meaning that they may still be declining even if they were to 
adapt to a higher sea-temperature (ibid.). 

In the same manner, rise in sea-level would affect the coral reefs much as it 
affects the sea-grass beds: by making less light available for them and thereby 
destroying their current habitats (Praveena, et al., 2012). 

The bleaching of coral reefs greatly affects the species living in and depending 
on them: in major bleaching events the crustacean symbionts of the coral reefs 
have been observed to die only a few days after the bleaching event, and even if 
they try to migrate somewhere else they are an easy prey until they have found a 
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new place to live (Baker, et al., 2008). The effect on fish depends on what type of 
fish it is: corallivores, coral dwellers, herbivores, omnivores et c are all affected in 
different ways (ibid.). Corallivores seems to die within weeks of the death of the 
corals, while species that are able to switch to another diet or does not require the 
corals for feeding usually do not suffer any losses after bleaching events (ibid.). 

Higher atmospheric CO2 results in oceanic acidification, leading to a lower pH in 
the ocean (Baker, et al., 2008): this and the reduction of calcium carbonate 
concentration in the ocean would mean the coral calcification rate would become 
lower than it is today and fewer new coral reefs would appear (Praveena, et al., 
2012). 

However, historically, coral reefs have had to endure much bigger changes in 
temperatures: temperatures dropping by 8 °C and sea-level dropping 100 m, as 
well as the temperature rising again and sea-level increasing with 20 cm per 
decade (Wilkinson, 1996). Comparing this to the predicted sea-level rise of 3 - 4 cm 
/ year during the coming century, Wilkinson argues that it may in fact benefit the 
coral reefs, expanding their current habitats. These changes were accompanied by 
almost a doubling in the CO2 concentration in the atmosphere, which is possibly 
more than the corals may experience during the next hundred years due to human 
activities (ibid.). 

3.4.3 Summing up 

The major threat to coral reefs is the different processes that would lead to coral 
bleaching, which leads to major coral death. If coral reefs are mostly used for 
fishing, these activities could be continued as long as the fish caught are not a 
corallivores unable to change their diet or fish with a life cycle that is dependent on 
the coral reefs as a habitat to survive: even if that was the case, other fish could be 
caught in the deep sea. Since some women collect invertebrates in the coral reefs, 
bleaching events would probably be more devastating to them since the 
crustaceans are more dependent on the coral reefs than fish in general. 

However, the coral reefs are important for tourist activities, and major 
bleaching events would lead to a lot less tourist activities, since the beautiful and 
colorful corals are a much bigger attraction than dead, bleached corals. A decrease 
in tourist activities could affect the usage of other parts of the seascape: if there are 
no tourists, for example, collecting pretty shells to sell would be pointless, and 
fewer tourists in the villages would mean less people to sell to and a drop in 
income. 
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3.5 Deep sea 

The deep sea is the last part of the seascape, and primarily used for fishing 
(Börjesson, 2012). On a global scale, many people rely on fishing: fish can be used 
to produce fishmeal and oils, or consumed directly; it is particularly important in 
poor countries where fish may be the primary protein source (Blanchard, et al., 
2012). Fishing is also part of the culture’s identity: and a large part of the low-
income families in non-industrial countries are fishers (Roessig, et al., 2004) 

3.5.1 Usage by men and women 

Table 6. Deep sea usage by men and women (Börjesson, 2012).  
Villages with mangroves Villages without mangroves 

Men Women Men Women 
Fishing activities --- Fishing activities --- 
 

In both villages with and without mangroves, the deep sea is used by men for 
fishing activities (Börjesson, 2012). There are generally three types of fishers: 
subsistence fishers, commercial fishers and recreational fishers (Roessig, et al., 
2004); the focus of this study is on the subsistence fishers of the tropical seascape. 

3.5.2 Possible effects of climate change 

The physiology, life history, productivity and distribution of fish and shellfish is 
highly dependent on ocean conditions such as temperature, meaning that they will 
be affected as climate change alters those conditions, including water temperature, 
ocean currents and coastal upwelling (Cheung, et al., 2010). An ocean warming of 
0.1 °C per decade has been predicted (Alongi, 2008), and even though the subject is 
not as well-studied as the effect of the terrestrial anthropogenic climate change, it 
is believed that the impact on the oceans will become far worse in the future 
(Wernberg, et al., 2012). The warming of the oceans will impact the abundance and 
distributions of marine populations (Perry, 2011). 

However, the fish in the deep sea is not only affected by what happens in that 
part of the seascape: fish are affected by what happens to all the other ecosystems 
in the seascape, since that will affect the primary production, food web structures 
and species distribution (Blanchard, et al., 2012). Though it is hard to specify what 
exactly will happen to the fish on an ecosystem scale, since all species will be 
affected differently: their habitats may be destroyed, their physiological 
preferences might not be met, and interspecies interactions will change as other 
species are affected (ibid.). The warming of the ocean can directly affect the fish 
(by affecting their metabolic processes) or indirectly affect them (by affecting the 
abundance and distribution of their prey) (Roessig, et al., 2004). 

 What has been observed empirically and theoretically is that marine fish and 
invertebrates tend to shift towards higher latitudes and deeper water when the 
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climate gets warmer: range shifts of 30 - 130 km towards the poles and 3.5 m to 
deeper waters per decade have been observed (Cheung, et al., 2010). Some studies 
say that in higher latitudes the potential fish production might increase with 30 - 
70 %, and decrease with up to 40 % in the tropics (Blanchard, et al., 2012). Even in 
a low-range greenhouse gas emission scenario, the predicted changes are still that 
the productivity will decrease in the tropics and increase in higher latitudes, but if 
the gas emission are smaller the changes will be as well (Cheung, et al., 2010). 
Seasonal migrations will most likely occur earlier with warmer oceans (Perry, 
2011), and species will move away from the coastal areas to the colder open water 
(Cheung, et al., 2010). 

On the other hand, one study found that fish production and biomass density 
were more affected by the primary production and phytoplankton production than 
ocean warming (Blanchard, et al., 2012). Globally, the primary production is 
predicted to increase with 0.7 - 8.1 % during the next 40 years, but will it will vary 
greatly regionally and in certain regions (such as the North Pacific, the Southern 
Ocean and around Antarctica) the productivity will decrease (Cheung, et al., 2010). 
Another study (O'Connor, et al., 2009) found that higher temperatures leads to 
increased zooplankton grazing, and that even though phytoplankton productivity 
increased as well, the increase was not as fast as the grazing of the zooplankton, 
leading to a loss of biomass in the end (Perry, 2011). A third study (Morán, et al., 
2010) found that phytoplankton cells became smaller with a rising temperature, 
which would affect marine ecosystems further (Perry, 2011). 

The fish population can recover from climate change, as long as the fishing 
pressure does not increase at the same time: the response from society will have a 
larger impact on the fish population than climate change (Perry, 2011). 

3.5.3 Summing up 

The temperature in the ocean will rise, making it probable that the fish will 
move away from the tropics towards higher latitudes and deeper water. The effect 
on the tropical seascape will therefore be obvious, as the fish moves towards the 
poles and leaves. This means the fishing opportunities and catch potential will 
become higher in higher latitudes and globally the fishing potentials might not 
suffer: but in the tropical seascape the deep sea will change and a lot less species 
will be available. The men performing fishing activities in the tropical seascape will 
therefore be greatly affected by this, as they will either have to spend longer days 
out at sea in an effort to find the fish, or find alternate incomes. 
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Table 7. The potential threats from climate change and the potential consequences for the 
ecosystems in the seascape. 
Ecosystem Potential threat Potential consequence 
Coastal terrestrial 
forests 

Increase in storm 
frequency 

Habitat destruction 

 Rising sea-level Habitat destruction; 
geomorphologic changes 

 Freshwater intrusion Habitat destruction; salt-water 
dilution 

Mangrove forests Increase in storm 
frequency 

Habitat destruction 

 Rising sea-level Habitat destruction; slower growth 
rate, altered forest composition 

 Temperature rise > 33°C Less photosynthesis and 
respiration 

 Freshwater intrusion Mangrove tree destruction 
Seagrass beds Rising sea-level Habitat destruction; less 

productivity due to lack of 
sunlight,  

 Warmer water 
temperature 

Habitat destruction 

 Thinning ozone layer Inhibits photosynthesis 
 Loss of sediment 

protection; mangrove 
destruction 

Less photosynthesis; lowered 
water qualitiy 

Coral reef Warmer water 
temperature 

Habitat destruction; coral 
bleaching 

 Rising sea-level Habitat destruction 
 Increased CO2 

concentration 
Lower coral calcification rates 

 Loss of sediment 
protection; mangrove 
destruction 

Lowered water quality 

Deep sea Warmer water 
temperature 

Fish moves to higher latitudes and 
deeper waters 
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4. Conclusions 

In an extreme and worst case scenario, most of the seascape could be lost (table 
7). Coral reefs and seagrass beds are particularly threatened, but a major climate 
change may also destroy the mangrove and coastal terrestrial forests beyond 
repair. In this scenario, gender would not be very relevant as to how one were 
affected by the changes, since no activities could be performed at all in the 
seascape anymore. 

Even in a not as bad scenario, the future looks grim for the coral reefs and the 
seagrass beds. Since women use the seagrass beds for seaweed farming and 
invertebrate collection on a much larger scale than men does, they would be far 
worse affected if those two ecosystems were lost, but none of the others. Men use 
all parts of the seascape for fishing activities, and could possibly move their 
activities elsewhere if the fish disappeared; because women are lacking swimming 
and boating skills they are dependent on the shallower parts of the seascape and 
do not have that option. 

Even though coastal terrestrial forests and mangroves are threatened by an 
increase in storm frequency and rise in sea-level, the threat is not as dire as it is for 
the seagrass beds and coral reefs. Losing the mangroves means the villages will not 
have protection from waves or winds from the ocean, however if the forests are 
not lost completely they could still be utilized in much the same way as today. 
Finding other forests for firewood and building material collection is also a lot 
easier than finding new coral reefs. In the coastal parts of the seascape men and 
women share the workload somewhat equally and would both be affected if they 
were lost:  with no material to build houses or starts fires with, it does not matter 
much what other activities can be performed nearby. 

The deep sea will still be there and is not threatened by climate change in the 
same way as the other four ecosystems are: the ocean is not going to dry out. On 
the contrary, the sea-level is predicted to rise significantly during the next century. 
Not all species are going to survive the warmer water temperatures, and a lot of 
fish might migrate away from where they live today to higher latitudes and deeper 
waters. The deep sea is also threatened by what happens to the other parts of the 
seascape: since fish uses the mangroves, seagrass beds and coral reefs to hide from 
predators, for breeding and feeding purposes, and as a nursing place for their 
young, the abundance of fish will suffer if the rest of the seascape is destroyed. If a 
fish is a corallivore and the coral reefs disappear they will die out from lack of 
food; if a fish is dependent on seagrass beds to hide their young before they reach 
an age of adulthood, the fish will not be able to breed and die out. 

In a worst case scenario, all parts of the seascape will be affected and none of 
the activities performed in them today will be performed in the future, regardless 
of gender on the performer. However, it is not likely that it will be completely 
destroyed: most likely seagrass beds and coral reefs will be affected the worst and 
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those two ecosystems will not be able to inhabit the same space as they do today. 
As the sea-level rises, they will have to move closer to the shore again: however, a 
seagrass bed or coral reef cannot just uproot themselves and leave, and in the 
process to move to more hospitable conditions it is likely that big parts of those 
ecosystems will be lost. That will affect the fishing opportunities, so that the men 
will have to spend more time away at sea to catch the same amount of fish as they 
do today: because there will be less fish available, and the fish will move to deeper 
waters when the temperature rises. It is clear that the activities in the seascape 
will change in the future, and it is likely that the seascape will be a lot less 
productive. 

My hypothesis that women would be affected worse than men is not completely 
supported by what this study found. If the seascape is lost completely no activities 
will be performed in the seascape and neither gender will be able to use it 
anymore. More likely is of course that women will have to seek other means of 
bringing in an extra income, if the seagrass beds are lost and they cannot perform 
seagrass mariculture anymore, while the men are still able to fish. In that case, 
women will be affected worse since they will no longer be using the seascape. 
Should the men have to stop their fishing activities (if there are no fish or if they 
have to travel too far out at sea to find it), the men would have to find another 
occupation altogether to support their families, as compared to the women who 
would be expected to go back to dealing with their household duties. In that case, 
men would be affected to a greater extent since they would have to change their 
lives more dramatically. 

To protect the seascape the anthropogenic climate change would have to be 
stopped on a global level, since local or regional solutions cannot affect global 
climate change sufficiently. 
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