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Abstract
Wetlands cover approximately 6% of the Earth´s surface. They are frequently found at the interface between terrestrial 
and aquatic ecosystems and are strongly dependent on the water cycle. For this reason, wetlands are extremely vulnerable 
to the effects of climate change. Mangroves and floodplain ecosystems are some of the most important environments 
for the Amazonian population, as a source of proteins and income, and are thus the types of wetlands chosen for this 
review. Some of the main consequences that can be predicted from climate change for wetlands are modifications in 
hydrological regimes, which can cause intense droughts or inundations. A possible reduction in rainfall can cause a 
decrease of the areas of mangroves and floodplains, with a consequent decline in their species numbers. Conversely, 
an increase in rainfall would probably cause the substitution of plant species, which would not be able to survive 
under new conditions for a long period. An elevation in water temperature on the floodplains would cause an increase 
in frequency and duration of hypoxic or anoxic episodes, which might further lead to a reduction in growth rates or 
the reproductive success of many species. In mangroves, an increase in water temperature would influence the sea 
level, causing losses of these environments through coastal erosion processes. Therefore, climate change will likely 
cause the loss of, or reduction in, Amazonian wetlands and will challenge the adaptability of species, composition and 
distribution, which will probably have consequences for the human population that depend on them.
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Possíveis impactos das mudanças climáticas em áreas úmidas  
e sua biota na Amazônia brasileira

Resumo
As áreas úmidas cobrem aproximadamente 6% da superfície da terra e são frequentemente encontradas na interface 
entre ecossistemas terrestres e aquáticos e fortemente dependentes do ciclo da água. Por esta razão são extremamente 
vulneráveis aos efeitos das alterações do clima. Os ecossistemas de manguezais e várzeas são muito importantes 
para os seres humanos da Amazônia, porque são de onde eles extraem algumas das principais fontes de proteínas e 
renda, e, por isso, foram os dois tipos de áreas úmidas escolhidos para esse estudo. Entre as principais consequências 
das mudanças climáticas previstas para esses ambientes estão as alterações nos regimes hidrológicos, que podem 
causar grandes secas ou inundações. A possível redução das chuvas pode causar a diminuição das áreas de mangue e 
várzea, provocando um rápido declínio de suas espécies. Por outro lado, o aumento das chuvas teria como provável 
consequência a substituição de espécies de plantas, que não seriam capazes de sobreviver sob as novas condições por 
um longo período de tempo. As principais consequências do aumento da temperatura da água entre as áreas úmidas 
seria que nas várzeas este parâmetro aumentaria a frequência ou duração dos episódios hipóxicos e/ou anóxicos, 
podendo causar a redução da taxa de crescimento e prejudicando o sucesso reprodutivo de muitas espécies, enquanto 
nos manguezais esta mudança influenciaria no nível do mar, provocando a perda desses ambientes pelo processo de 
erosão costeira. Portanto, tais mudanças poderão levar à perda e/ou redução das áreas úmidas da Amazônia, refletindo 
na capacidade de adaptação, composição e distribuição de suas espécies, consequentemente afetando as populações 
humanas que deles dependem.

Palavras-chave: aquecimento global, áreas úmidas, manguezais, várzeas, Amazônia.
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1. Introduction

Climate change refers to any change in climate 
conditions for any period of time, resulting either from 
natural causes, or by human action. Recently, climate change 
has been directly linked to the intensification of emissions 
of greenhouse gases on the terrestrial atmosphere (IPCC, 
2007a). Greenhouse gases that are naturally found in the 
atmosphere are carbon dioxide (CO2), ozone (O3), methane 
(CH4), nitrous oxide (N2O) and water vapour (H2O). The 
presence of these gases regulates the temperature of the 
Earth surface. However, since the industrial revolution, there 
is evidence that human activities, especially the burning 
of fossil fuels (coal, oil and natural gas), have caused an 
increase in the concentration of some greenhouse gases, 
especially CO2, which is considered to have the strongest 
effect on global warming.

The theme of climate change and global warming 
became part of the international agenda since the 1980s. 
In order to improve scientific knowledge on the issue, the 
World Meteorology Organization (WMO) and the United 
Nations Program for the Environment (UNPE), created, 
the Intergovernmental Panel on Climate Change (IPCC) 
in 1988, composed of renowned world scientists. As a 
result of meetings and data analysis, the IPCC edited and 
distributed four extensive scientific reports (in 1990, 1996, 
2001 and 2007). Since the first report in 1990, the IPCC 
has identified increasingly stronger evidence of climate 
change and human action as the main cause of the increase 
on emissions of greenhouse gases.

According the IPCC´s fourth report (IPCC, 2007a, b), 
within this century, the Earth will become 1.8-4 °C warmer, 
which would cause an increase in sea levels of 18-59 cm. 
Furthermore, the increase in the Earth´s temperature has 
led to climate events becoming more extreme, such as 
the melting of the glaciers, cyclones and storms, more 
intense floods and droughts, rapid desiccation of soils and 
the extinction of some animal and plant species, among 
others. Such changes would cause significant modifications 
on biogeochemical processes, including carbon dynamics, 
the dynamics and structure of food chains, primary and 
secondary production, and the capacity of adaptation 
of the biodiversity, resulting in changes in the extent, 
distribution and quality of habitats available for animal 
and plant species (Wrona et al., 2006).

Climate changes will affect tropical regions mostly 
due to changes in temperature and rainfall patterns. 
Projections of the future climate for Brazil, derived from 
global models, compiled by the IPCC, generally indicate 
a temperature increase for the whole country. However, 
for rainfall amounts and distribution regimes, results are 
divergent (Marengo, 2007; Marengo et al., 2009a, b). For 
the Amazon, for example, some models indicate drastic 
reductions in precipitation, whereas others predict an 
increase.

Drastic reductions in rainfall occurred in the Brazilian 
Amazon in 2005, when the water level of some of the 
large rivers of the basin dropped by up to 6 cm per day, 

drying floodplain lakes and creating problems for riverine 
populations that depend on water courses for transportation 
and for obtaining water and food (Fearnside, 2006; Marengo, 
2007; Marengo et al., 2010; Tomasella et al., 2010). In 
contrast, in 2009, the Amazon basin was affected by 
extraordinarily strong rainfalls, which raised the water level 
of its rivers to a magnitude and duration rarely observed 
in the region, again causing economic and social damage 
to the human populations residing there (Marengo et al., 
2011a, 2012). Extreme climatic events such as these are 
worrying in the Amazon region not only because they 
reach riverine populations, but also because they cause a 
loss of biodiversity (for example, millions of fish died in 
the 2005 drought in the region).

It is known that El Niño and La Niña events over the 
equatorial Pacific and the meridional gradient of Sea Surface 
Temperature (SST) anomalies in the tropical Atlantic 
together modulate much of the inter-annual variability of 
climate over South America, and might generate climate 
anomalies leading to droughts and floods in the Amazon 
(Marengo, 2007, Marengo  et  al., 2010). However, the 
2005 drought did not result from El Niño, reinforcing the 
hypothesis that extreme weather events are likely to occur 
with more frequency and intensity in the region and can 
be influenced by climate change related to the greenhouse 
effect (Cox et al., 2008).

The probable impacts of global warming are a potential 
threat to the world as a whole, and in Brazil, the Amazon 
is one of the regions predicted to suffer the most severe 
impact (Fearnside, 2008b, 2009; Marengo et al., 2011a, 
b). This region is home to a great diversity of ecosystems, 
including several types of wetlands, among which some 
of the more important are the floodplains and mangroves, 
which support high biodiversity and productivity (Gopal 
and Junk, 2000). The impacts of climate change on wetlands 
in the Amazon will mainly affect aquatic biota and involve 
not only the loss of biodiversity but also sources of protein 
and income for the majority of the local human populations.

Currently, we know that the Amazon region is extremely 
vulnerable to climate extremes (e.g. those that occurred in 
2005 and 2009). However, few studies exist on the possible 
effects of climate change on the Amazonian environments, 
and most of the existing studies are directed at terrestrial 
environments and species (Malhi et al., 2009; Feeley et al., 
2012). Due to the absence of specific studies on the effects 
of climate change on the aquatic biota and environments, 
and even to the uncertainties associated with climate 
predictions for the region, it is still not possible to accurately 
interpret how climate change will affect the ecosystems of 
the Amazon and its fauna. However, it is possible to infer 
the possible consequences on Amazonian ecosystems. 
Therefore, based on the assumption that temperatures in 
the Amazon region will increase and that the precipitation 
regime will change, we conducted a literature review to 
describe the possible effects of climate change in two of 
the most important humid environments in the Amazon; 
the mangroves and floodplains, and inferior how these 
modifications might affect the local biota in general and 
the ichthyofauna in particular.
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2. Wetlands

Wetlands cover about 6% of the land surface and are 
often found at the interface between terrestrial ecosystems, 
such as forests and grasslands, and water, such as rivers, 
lakes, estuaries, and oceans (Mitsch and Gosselink, 2007). 
There are many terms and definitions used to describe 
wetlands; however, an accurate definition was proposed by 
several countries at the Convention on Wetlands, held in 
Iran in 1971, which is known as the Ramsar Convention. 
This convention defined wetlands as “areas of marsh, fen, 
peatland or water, whether natural or artificial, permanent 
or temporary, with water that is static or flowing, fresh, 
brackish or salt, including areas of marine water, the depth 
of which at low tide does not exceed six meters” (Ramsar, 
1971, p. 246-247).

There are many benefits that wetlands provide for human 
society, including carbon cycling and climate regulation, 
the supply of fresh water, maintenance of biodiversity, 
fish production and tourism (Cox and Campbell, 1997; 
Keddy et al., 2009). Currently, there is great interest in 
preserving, maintaining or rehabilitating these ecosystems 
around the world, due to the understanding of their 
importance and wildlife for planning overall strategies 
for climate change mitigation (Millennium Ecosystem 
Assessment, 2005).

The environments of tropical wetlands are considered 
highly vulnerable to climate change and might be affected 
in four different ways: by changes in the hydrological 
regime; changes in precipitation patterns; local changes 
in temperature/humidity and subsequently in patterns of 
evapotranspiration, and increases in the frequency of extreme 
climate events. Added to these, the coastal wetlands, such 
as mangroves, might also be influenced by the rising of 
sea levels (Mitsch et al., 2010).

Amazonian wetlands vary considerably regarding 
hydrology, soil, vegetation, species diversity of plants and 
animals, and primary and secondary production (Junk et al., 
2011). In this region are several types of wetlands can be 
found (Prance, 1980; Junk  et  al., 2011), among which 
mangroves and floodplains (forests periodically flooded 
by white water rivers) are the most important as sources 
of food and income for human populations. Therefore, 
these two types of Amazonian wetlands were chosen for 
this study. Mangroves are characterized by a polymodal 
flood pulse of low amplitude and duration, resulting 
from the influence of the tide, while in the floodplains 
the flood pulse is monomodal, with larger amplitude and 
longer duration (Junk, 1997). The flood pulses and/or tidal 
movements affect the reproduction rate of plant and animal 
species, as well as extensive economic activities, which 
in general, are conditioned by water fluctuations, either 
daily (e.g. mangroves) and/or seasonally (e.g. floodplains) 
(Pires, 2011).

As a result of global warming, assuming that temperatures 
will increase and the precipitation regime will change (either 
increase or decrease), we sought to describe the possible 
effects of climate change on the mangroves and floodplains 

of the Amazon and its implications for its biota, separately 
for the following scenarios: with increased temperature, 
and either increased or reduced precipitation. Discussion 
will be limited to the most likely changes or to those more 
likely to cause changes in the structure or functioning of 
these environments.

3. Possible Effects of Climate Change in 
Amazonian Mangroves

Mangroves occur in tropical and subtropical latitudes 
between 25°N and 25°S (Nicholls  et  al., 2007) at the 
shores of oceans and estuaries, in the intertidal zone. 
They also occupy shallow flooded areas of deltas and 
lagoons (Cintrón-Molero and Schaeffer-Novelli, 1995). 
They consist of muddy sediments, colonized mainly by 
associations of Ryzophora ssp., Avicenia ssp., Laguncularia 
sp. e Spartina sp. (Souza Filho and El-Robrini, 1997). 
Few animal species exclusively inhabit mangrove forests 
(Lacerda and Kjerfve, 1999) and most of the fish species 
found at these sites are visitors (Barros et al., 2011), found 
in these environments depending on the season, tide, or 
life cycle stage (Lacerda et al., 1993).

About 90% of mangroves around the world occur 
in hot and humid regions, where precipitation exceeds 
evapotranspiration, as for those occurring on the northern 
coast of Brazil (Blasco, 1984). The mangroves of the northern 
Brazilian coast occur abundantly throughout the Amazon 
estuary along the coast of Amapá, Pará and Maranhão, 
where they occupy an area of 9,000 km2, which represents 
70% of Brazil’s mangroves and constitute one of the largest 
continuous areas of mangrove in the world (Menezes and 
Mehlig, 2009). The Amazonian coastal zone has peculiar 
meteorological and oceanographic characteristics, including 
a high annual rainfall (up to 3,300 mm), high temperatures 
(>20 °C) with low annual thermal variation (up to 5 °C), a 
wide continental shelf (~330 km), and a macrotidal regime, 
with maximum values of 8 m in Maranhão, 6 m in Pará 
and 12 m in Amapá (Pereira et al., 2009).

Worldwide, the area of mangroves has been reduced 
by approximately 20% between 1980 and 2005. This 
trend was not observed in Brazil, where the reduction was 
only 5% in the same period (Neves and Muehe, 2008), 
but recently, mangrove areas in Brazil are losing area to 
the uncontrolled urban expansion of the coastal zone. In 
northeastern Brazil, for example, mangroves are being 
destroyed for shrimp farming. In the Amazon, mangroves 
are also shrinking due to an increase of tourism activities 
and construction of roads (Menezes and Mehlig, 2009). 
This makes it is difficult to distinguish alterations caused 
by climate change from those caused by human activities.

Mangroves are of great ecological importance because 
they are place of breeding and act as nurseries for many 
species of fish and crustaceans, which find food in this 
environment as well as shelter and shade for their larvae 
and juveniles (Menezes and Mehlig, 2009). For fish, 
depending on the species and latitudinal distribution, 
the impact of climate change can be either positive and/
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or negative, and can affect their physiology (growth, 
reproduction) and behavior (migration) (Brander et al., 
2003). Consequently, climate effects can cause changes 
in the composition, abundance and spatial distribution of 
species (Wrona  et  al., 2006; IPCC, 2007b), depending 
upon the scenario that is going to succeed.

3.1. The temperature increase scenario
Mangroves tend to respond positively to the combined 

effect of rising CO2 levels and global temperature increase, 
which will raise the photosynthetic capacity and reduce 
evapotranspiration from plants, thus resulting in an 
increment in the productivity of some species (Field, 1995; 
Ellison, 2000; Lacerda et al., 2002). Furthermore, with the 
progressive increase in the regional average temperature 
of the air and/or sea, an expansion of the distribution areas 
of some mangrove species to higher latitudes, where the 
distribution is currently limited by temperature, might 
occur (Kjerfve and Macintosh, 1997), since the direction 
of ocean currents favor dispersal (Lacerda et al., 2002).

In Amazon mangrove ecosystems where the water 
temperature is already high, the distribution of fish and 
shellfish must quickly adjust to the increase in temperature 
caused by climate change (Kjerfve and Macintosh, 1997). 
However, Ficke et al. (2007) have suggested that a small 
increase in the temperature (1 °C to 2 °C) can be sufficient 
to cause sub-lethal physiological effects in tropical fish 
(particularly in reproduction), especially when combined 
with possible hydrological changes.

Another expected effect related to the increase in global 
temperature of the planet is the rising of the sea level as a 
result of the ice melting of icecaps (Berchez et al., 2008). 
Rising sea level is among the main consequences of climate 
change and probably will negatively affect ecosystems and 
mangrove species. Due to their location between land and 
the sea, these will probably be among the first ecosystems 
to be affected by such changes. Mangrove characteristics 
depend on various climatic factors that influence the 

stability of the coast and the balance between erosion and 
sedimentation (Lacerda et al., 2010).

In principle, the increase in sea level would favor the 
expansion of mangroves to higher areas that were previously 
occupied by terrestrial or freshwater environments, which 
will be progressively invaded by salty water and favor the 
migration of mangroves. However, in many parts of the 
world, mangroves are prevented from migrating toward 
the mainland because of human occupation, which would 
probably result in a decrease in mangrove areas with the 
rising of the sea level (Kjerfve and Macintosh, 1997). 
Therefore, the effect of sea level rise for some mangrove 
areas will depend on local conditions such as the type of 
wetland, geomorphological characteristics and the type 
and intensity of human activity.

The specific impacts of marine transgressions on 
mangroves would result in increased flood risk, coastal 
erosion and saltwater intrusion (Lacerda  et  al., 2002). 
Regarding the effects on the Amazonian coastal region, 
Muehe and Neves (1995) suggest that progradation of tide 
into the low elevation rivers such as those in northern Brazil 
will reflect mangrove loss resulting from coastal erosion. 
According to Ellison (1994), the erosion of mangrove 
substrate is regarded as the greatest problem resulting from 
rising sea levels. Depending on the amount of sediment, 
alluvial lowlands such as those at Marajó Island at the 
mouth of the Amazon River might be flooded (Marengo 
and Soares, 2003). It is noteworthy that the mangroves of 
the coast of Pará and Maranhão were formed during the 
late Holocene, favored by the lowering of the sea level 
(Kjerfve  et  al., 2002; Ab’Sáber, 2004). A summary of 
the possible effects of climate change on the mangrove 
environment and its biota can be seen in Figure 1.

3.2. The increased rainfall scenario
According to Duke et al. (1998), coastal areas with 

high precipitation, high run-off of sediments, nutrients and 
organic matter, and high river input, such as the Amazon 
– which represents 16% of the freshwater discharged into 

Figure 1. Graphic scheme of the possible impacts of climate change on the mangrove environment and its biota.
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the oceans (Pereira et al., 2009), tend to support higher 
and more diversified forest species. Rainfall and abundant 
river input carry muds and sands to tidal plain, forming a 
substrate for mangrove colonization, and also leach salts 
from the soil, making salinity levels constantly low and 
stable (Kjerfve et al., 2000). Apart from providing optimal 
conditions for the development of mangroves, this also 
favors the occurrence of freshwater species associated 
with this ecosystem, making it especially diverse (Kjerfve 
and Lacerda, 1993).

However, extreme climate events, such as long periods 
of flooding associated with the low salinity found in the 
Amazon coastal zone, might contribute to the degradation or 
loss of mangroves in the region. Mangroves of Maranhão, 
for example, might disappear altogether if the flow of 
freshwater dominates the tidal prism, causing the replacement 
of mangrove species by macrophytes (Lacerda  et  al., 
2002). Many fish use the mangroves directly for at least 
some period of their life cycle, or might indirectly rely 
on resources derived from it (Giarrizzo and Krumme, 
2009). The replacement of brackish water by freshwater 
in these environments will cause the elimination of a very 
important habitat for many species of fish, crustaceans 
and molluscs, and the probable loss of mangrove species 
(Mumby et al., 2004).

Therefore, as a consequence of the degradation or 
loss of mangroves, several species of larvae and juvenile 
fish will not be able to develop, thus resulting in adverse 
consequences to stocks and adult captures, profoundly 
affecting the population that depends on fishing for a 
living (Kjerfve and Macintosh, 1997; Gilman et al., 2007). 
Moreover, many species exploited by commercial fisheries 
are already overexploited. Without replenishing, fish stocks 
of these species possibly will become extinct, leading to 
economic, social and ecological consequences.

3.3. The decreased rainfall scenario
The decrease in rainfall and increased evaporation will 

increase soil salinity, reducing the primary production and 
diversity of the mangroves. It will also cause a noticeable 
reduction in mangrove area due to the conversion of the 
supra-tidal zone into hyper-saline plains (Field, 1995; 
Ellison, 2000; Gilman et al., 2008). In a short period of 
time, some species of freshwater aquatic biota will not be 
able to survive and reproduce under the new hydrological 
conditions and increased salinity (Nielsen and Brock, 2009). 
According to the same authors, the increased salinity will 
not only bring direct impacts on the biotic community, 
but also indirect effects, affecting the entire food web of 
aquatic biota due to the reduction in primary production. 
Associated with the loss of mangrove habitat, important 
for the reproduction of many species, fishery resources 
(local and regional) will be dramatically reduced.

4. Possible Effects of Climate Change in 
Amazonian Floodplains

The Amazonian floodplains are considered the most 
extensive flooded forests of Earth (Vieira, 2006), covering 
an area of approximately 200,000 km2 (Junk, 1993, 1997), 

which corresponds to about 20% of the Amazon basin (Junk 
and Piedade, 2004). They are characterized by muddy water 
(also called white), rich in nutrients and sediments (Furch 
and Junk, 1997), and drain soils of Andean origin. The 
Solimões/Amazonas system occupies the largest portion of 
the Amazonian floodplains; its large water volume results 
from the sum of rainfall over the catchment and Andean 
annual thaw (Junk et al., 1989).

The floodplains function as places of shelter, feeding, 
breeding and as a nursery for a large number of species, 
including many commercially exploited fish (Junk, 
1997). Junk and Piedade (2004) estimate that about half 
of the fish species of the Amazon occur in systems of 
large rivers associated with floodplains, whereas the 
other half has a very restricted distribution and occurs 
only in the headwaters associated with humid areas. The 
regional and local climate, along with characteristics of 
the drainage area (topography, vegetation, soils), regulate 
the water temperature and the hydrological regimes of 
freshwater environments (Mulholland et al., 1997; Poff 
and Zimmerman, 2010). Aquatic environments in the 
Amazon exhibit seasonal cycles, determined mainly by 
wind and rain, which are responsible for the oscillation 
of the flow and hence the fluctuation of the water level 
(Lowe-McConnell, 1999). The fluctuations of the water 
level of the Amazon floodplains have a regular period 
of high and low water (Barthem and Fabré, 2004). The 
annual pattern of variation in water level, called “flood 
pulse” (Junk, 1997), is the main factor responsible for the 
existence, productivity and interaction of the biota that 
live in the floodplains (Junk et al., 1989).

It is expected that these environments will be affected 
by changes in precipitation, temperature and evaporation, 
which would cause changes in the input of nutrients and 
debris, and the frequency and intensity of droughts and floods 
(Mulholland et al., 1997; Meyer et al., 1999; Lake et al., 
2000; Erwin, 2009). Changes in the hydrological regime 
might also modify the physicochemical properties of the soil, 
directly impacting the wetland biota (Carpenter et al., 1992; 
Burkett and Kusler, 2000; Lake et al., 2000). Concerning 
floodplain environments, changes in flood pulse and the 
relationship between water and adjacent terrestrial systems 
can affect the biodiversity and the health of the system, 
with serious ecological and socio-economic consequences 
(Tundisi and Matsumura-Tundisi, 2008).

4.1. The temperature increase scenario
In recent decades, there is growing evidence of a 

significant acceleration of loss of glacier mass in the 
tropical Andes due to the rising temperature of the earth 
(Francou et al., 2000; Ramírez et al., 2001; Francou et al., 
2003). According to Ramírez (2008), in the short term, this 
massive loss of glaciers will cause an increase in the flow 
of watercourses. However, with a decreasing ice surface, 
this initial increase of water flow will be followed by a 
deficit in the flow. Moreover, the loss of Andes ice will 
cause considerable changes in the volume of sediments 
carried into the Amazonian rivers (FBMC, 2008). It is 
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noteworthy that the input of sediment from the Andes is 
mainly responsible for the enormous productivity of the 
floodplains, due to the high concentration of nutrients in 
suspension carried with the clays (Queiroz, 2005).

Water temperature influences the solubility of oxygen 
(Lowe-McConnell, 1999) and with a probable increase in 
water temperature together with a large biological oxygen 
demand (as occurs in floodplains), the concentration of 
oxygen will further reduce or even make this environment 
hypoxic or anoxic for longer periods (Ficke et al., 2007). 
Hypoxic and anoxic episodes can be devastating to many 
ecosystems and can cause mass mortality, extinction of 
benthic communities, decline in fishery production and 
biodiversity loss (Almeida-Val et al., 2007).

Floodplain environments are already highly hypoxic 
during certain periods of the year (Junk, 1997). However, 
some species have adapted to live in these conditions 
(Junk et al., 2007), especially with regard to breathing, 
both for aquatic organisms such as fish, as well as terrestrial 
ones, such as trees (Parolin et al., 2004). This makes it 
difficult to predict the effect of a prolonged deficit and/or 
lack of oxygen on the flora and fauna of the floodplains.

According to Ficke et al., 2007, the increase in the 
frequency or duration of hypoxic and or anoxic episodes 
might reduce growth rates and impair the reproductive 
success of fish species, thus jeopardizing the recovery 
of adults stocks. However, the situation might become 
even more limiting, because under anaerobic conditions, 
harmful gases such as hydrogen sulfide and methane can 
form, which could cause the death of many organisms, 
particularly fish (Esteves, 1998).

Increased water temperature might also affect fish, 
especially with respect to physiological adjustments of 
individual species (Ficke et al., 2007). Generalist species 

might temporarily face an increase in water temperature by 
searching for places with lower temperatures, such as the 
mouths of rivers or forest creeks (Zuanon, 2008), however 
specialists will presumably suffer population reduction due 
to changes in the thermal regime (Ficke et al., 2007). A 
summary of the possible effects of climate change on the 
floodplain environment and its biota can be seen in Figure 2.

4.2. The increased rainfall scenario
The increase in the water level of the Amazon and 

Solimões Rivers establishes a connection of the main 
channel with floodplain lakes (Junk, 1997; Goulding, 
1999). This connection is transient, influenced by changes 
in the hydrological cycle and is characterized by a strong 
unidirectional flow from rivers towards the lakes during 
seasonal flooding (Freitas and Garcez, 2004; Sousa and 
Freitas, 2008). One immediate effect of increased rainfall 
will be an increase in the velocity of water flow, accompanied 
by a large movement of sediments that might cause the 
displacement and death of many fish (Pujolar et al., 2011).

The Amazon floodplain contains large areas of forest 
that are flooded during the high water season, forming 
complex habitats, composed of submerged roots, leaves 
and stems, which provide refuge and food for both fish and 
aquatic invertebrates (Junk, 1997). Increased rainfall might 
lead to a sharp rise in water levels and consequently to a 
loss of protected areas for juvenile fish and other aquatic 
organisms, making them vulnerable to the movements of 
the stream and to the action of predators. The magnitude and 
duration of flooding is a major factor for the reproduction 
and survival of wetland species (Pitchford et al., 2012). If 
the increased rainfall leads to longer periods of flooding, it 
will possibly result in the death of flooded forest and the 
eventual replacement of aquatic plants (Poff et al., 2002). 
Moreover, many invertebrate species that migrate to the 

Figure 2. Graphic scheme of the possible impacts of climate change on the floodplains environment and its biota.
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trunk or the canopy, to survive during the aquatic phase, 
will also die (Junk and Piedade, 2004).

Many fish species depend on allochthonous material 
derived from flooded forests, such as leaves, fruits and 
insects, as well as the flooded forest depending on the fish 
fauna for seed dispersal (Lowe-McConnell, 1999). The 
elimination of the flooded forest might cause a decrease in 
food supply and shelter for fish and other aquatic organisms 
that depend on these sites, resulting in the reduction of fish 
stocks, which in turn, directly affects the lives of people 
who depend on fishing for a living (Ruffino, 2004).

4.3. The reduced in rainfall scenario
The reduction in rainfall could lead to longer periods 

of low water levels in rivers and prolonged drought in the 
Amazon floodplain (Marengo and Nobre, 2001). These 
conditions associated with increased evapotranspiration, 
might reduce the extent of flooded areas or convert them 
into drylands (Burkett and Kusler, 2000). The absence of 
an adequate period of flooding, in magnitude, duration 
and time, might cause a decline of many species which 
depend on flooding to complete their life cycle, and, in 
addition, might promote the establishment of invasive 
species (Poff, 2002; Döll and Zhang, 2010).

Intense droughts might rapidly decrease water availability 
in floodplain soils. The rapid drying of the soil will affect 
seed germination, seedling recruitment and photosynthetic 
activity, and thus decrease productivity and alter species 
composition (Parolin et al., 2010). Moreover, prolonged 
drought might also increase the risk of forest fires, thus 
causing losses of species at local and regional scales 
(Fearnside, 2008a; Malhi et al., 2009).

The reproductive success of most fish species is largely 
governed by the timing, duration and intensity of floods, 
since there is synchronization between the phases of the 
hydrological cycle and biological events such as gonadal 
maturation, migration, spawning and early development 
of larvae and fingerlings (Agostinho et al., 1993; Lowe-
McConnell, 1999). Low levels of flooding will not allow 
the connection of the main channel of the river to other 
floodplain areas, preventing the exchange of nutrients 
and organic matter and the access of larval and juvenile 
fish to suitable locations to complete their development. 
Moreover, populations of fishes that depend on lakes 
and permanent wetlands might be severely affected by 
the decline in rainfall, mainly due to mass mortality, if 
they become trapped in shallow and warm small lakes 
(Zuanon, 2008).

Initially, the negative effects of reduced rainfall might 
be masked by the ease of capturing stocks produced by 
previous floods. However, with the reduction of floodplains, 
the carrying capacity of the environment will probably 
decrease, causing an increase in natural mortality, reduced 
growth rates and reduction in fish stocks, resulting in 
impaired recruitment, which might severely affect fishing 
in the Amazon region in the subsequent years.

5. Conclusion

One of the main consequences of climate change in the 
Amazon region will be changes in hydrological patterns, 
which would occur in all considered scenarios. Either an 
increase or reduction in rainfall will impact Amazonian 
wetlands negatively, both for mangroves and floodplains. 
Longer periods of drought or floods might cause the loss of 
humid ecosystems in the Amazon and consequently cause 
changes in the composition and distribution of species of 
fauna and flora adapted to these environments, characterized 
by fluctuations in the fluvial-lacustrine and fluvial-marine 
regimes. As a result, the human populations that depend 
on these systems for subsistence will also be impacted, 
socially and economically. It is noteworthy that these 
impacts will be more drastic when combined with other 
anthropogenic changes on these environments. Therefore, 
reducing the anthropogenic impacts on wetlands would 
represent one of the first steps to minimize the negative 
impacts of climate change in these environments of great 
importance to the survival of many species and also for 
subsistence of human populations. Moreover, the current 
conservation of these areas is considered to be the best 
way to mitigate climate change impacts.
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