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ABSTRACT 

The impact of climate change on inland fisheries has received 

critical attention in science and policy cycles. Despite this attention, the 

consequences of these impacts are difficult to predict due to the complex 

dynamics of these systems, their inherent uncertainties and the long 

timescales upon which change occurs. Additionally, inland fisheries are 

often influenced by multiple external drivers which are difficult to identify 

and account for in assessing and predicting change. Despite a growing 

body of literature on climate change impacts on fisheries, few 

comprehensive syntheses exist. This thesis applies a systematic literature 

review to answer the question whether climate change is incorporated into 

inland fisheries management and policy development. The review found 

that despite the growing attention, the literature in the field could still be 

described as insufficient. The review revealed that in general studies did 

not integrate climate change into management or decision-making, and 

even fewer studies attempted to identify adaptive options. Integrated 

approaches or responses that incorporate multiple drivers of change and 

account for multiple sources of uncertainty are needed for policy makers 

and stakeholders. The complexities of these socio-ecological systems 

require deliberate integration of climate change in the management of 

inland fisheries. 
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Chapter 1 Introducing the research 

1.1 Background  

        It is widely known that most fishing activities occur at sea under marine 

conditions; however, significant food resources are also derived from inland fisheries 

in freshwater resources including rivers and lakes. Inland waters, as defined by the Food 

and Agriculture Organization (FAO, 2014), are lakes, rivers, streams, reservoirs and 

other landlocked waters such as brooks, estuaries, and other water bodies inhabited by 

a diversity of species and providing various livelihoods and wellbeing to people and 

local communities. Herein, the term inland fisheries refers to the fishing operations 

taking place in freshwater. FAO uses the term inland fisheries to encompass both inland 

capture and aquaculture fisheries (Rana et al., 1998). These sectors contribute over 40% 

to the world’s reported finfish production from around 0.01% of the total volume of 

water on earth (Lynch et al., 2016; Stiassny, 1996). Inland fisheries are generally 

synonymous with freshwater in terminology, even though there is a slight difference 

given that inland waters also include land-locked saline water bodies (FAO, 2014; 

Lynch et al., 2015). Most inland fisheries are undertaken in freshwater bodies around 

the globe and this thesis is premised on this conception.  

       Freshwater takes up only about 2% of all water on earth and most of it is 

accumulated as snow or ice in polar areas. Inland waters comprise approximately 0.01% 

of the total volume of water on earth (Stiassny, 1996). Inland fisheries, also termed 

inland capture plus aquaculture (Rana et al., 1998), account for about 40% of the fish 

species, of which 20% are vertebrate species (Helfman et al., 2009). Inland fisheries 
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contribute about 10%–12% to the annual global fisheries production (FAO, 2016). 

Together, inland capture fisheries and aquaculture contribute to about 25% to the 

world’s fish production (Brummett et al., 2007). The sector has been developing for a 

long time and has shown very dynamic states. The inland fisheries sector is not only 

highly dynamic, it is also rich in diversity. Capture fisheries are fisheries where the fish 

living naturally in a body of water are harvested, while aquaculture is another part of 

inland fisheries where fish are farmed in different ways; one of the common practices 

is cage aquaculture. Aquaculture systems can be divided into extensive, semi-intensive, 

and intensive (De Silva & Hasen, 2007). Extensive aquaculture is the least among the 

three, as it requires less effort. It involves the farming of fish in the sea, rivers and other 

open water bodies. Intensive aquaculture is the most controlled form of fish farming 

where technology is heavily used to farm fish in closed tanks. Semi-intensive 

aquaculture falls in between these two, where the natural feed level available to fish are 

supplemented (Bostock, et al., 2010; Naylor, et. al., 2000). Inland pond aquaculture is 

commonly used in countries like China and India and is recognized as having the largest 

impacts on the environment among the different forms of farming ways (Sumaila, 

Bellmann & Tipping, 2016). 

      More than 6% of the global capture fisheries and aquaculture production comes 

from inland capture fisheries from 150 countries, according to a report by FAO (FAO, 

2003). Inland capture fisheries normally consist of commercial or industrial fisheries, 

small-scale or artisanal/subsistence fisheries and recreational/sports fisheries. Though 

in many countries there is a mix of these types, some are more inclined toward either 

commercial or subsistence or recreational. For example, the recreational fisheries in 

many parts of Canada are done on inland waters. In most developing countries, inland 
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fisheries form an important subsistence for the people, especially in landlocked nations. 

And in countries like China, which is considered a dominant player, commercial inland 

fisheries are an important part of their economy (Zhao et al., 2015). Most of the inland 

fisheries’ catch is consumed locally and domestically. When inland fisheries is taken 

entirely, the major locations are found in developing countries, such as China, India, 

Bangladesh and Indonesia, among others. Statistics from FAO (FAO, 2003) 

demonstrate that inland capture fisheries production comes from different continents: 

“5.8 million tons from Asia; 2.1 million tons from Africa; 0.3 million tons from Europe 

and South America each; 0.2 million tons from North America; and 22 thousand tons 

from Oceania” (see Figure 1.1).  

 

Figure 1.1 Inland fisheries capture around the globe  

Source: Adapted from FAO (2003). 

Twenty countries accounted for 84% of the total global inland capture fisheries 

production in 2003 with the top producers being China (2.1 million tons), India (1.0 
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million tons), and Bangladesh (0.7 million tons). Based on production, most of the 

important inland fisheries countries are in Asia and Africa (FAO 2003, p. 60). However, 

the world’s inland capture fisheries production is decreasing based on previous harvests 

for the past 20 years (FAO, 2003).  

      Inland fisheries are rapidly expanding and competing for natural resources with 

other freshwater usage in lakes and rivers. This is partly due to limited freshwater 

availability on earth and to overuse, wastage and competing interest for freshwater 

resources. For example, human beings generally give significant freshwater resources 

priority for agriculture and hydroelectric power plant developments. It is postulated that 

the planet is currently entering a freshwater crisis, and this challenge is predicted to 

increase as human beings encourage urbanization and pollution impacts increase 

(Fickle et al., 2007). The fact that only a limited and small amount of freshwater is 

available compared to the saline water in oceans is an obvious challenge faced by inland 

fisheries. Moreover, strong competition with other water usages for freshwater 

resources plus the growing population put more pressure on inland fisheries resources. 

A number of works suggest that inland fisheries are in an unfavorable place and the 

complex internal and external factors together add to the more severe current situation 

(Fickle et al., 2007; Suuronen & Batley, 2014; Zhao et al., 2015).  

1.2 Climate change’s impacts on inland fisheries  

      Climate change has profound impacts globally on many areas including 

freshwater ecosystems and fisheries; there is much evidence that the changing of 

climate is presenting major challenges to humankind (Reist et al., 2006; Strayer & 

Dudgeon, 2010; Blaber & Barletta, 2016; Jackson et al., 2016). In recent times, dating 
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from the industrial revolution, there has been an increased tendency to use fossil fuels 

as an energy source.  Indeed, more than 80% of the world’s energy now comes from 

fossil fuels (ACIA, 2004). Human beings benefit from fossil fuels as a relatively cheap 

power source, but their combustion does produce greenhouse gases, most notably 

carbon dioxide, methane, and nitrous oxides; all of which are linked to global climate 

change. These sources, in combination with factors like solar radiation and volcanic 

eruptions, are drivers of climate change (Rosenberg, 1988). Modern model predictions 

show a more alarming fact that global climate change will continue, even if greenhouse 

gas emissions decrease or cease (Ficke et al., 2007). This assertion may be attributed to 

the already accumulated emissions, which can still exert changes to climate even when 

current activities are halted or slowed down. The role of natural climate change cannot 

also be discounted in the view that the changes are inevitable to some extent.  One trend 

of climate change, global warming, is widely recognized and debated. Although 

temperature change scenarios vary by regions, data indicate a clear warming trend in 

Europe (Schröter et al., 2005). In other regions of the globe, there is also evidence that 

such changes are expected to occur. For example, warming temperatures are also 

projected to change snow to rain in precipitations at higher latitudes in North America 

(Healey, 2011; Mote et al., 2014), and warming effects in the Arctic are predicted to 

melt ice cover and produce more streams, which will force salmonid species to look for 

more suitable habitats (Healey, 2011). Significantly, global air temperature has 

increased nearly twice over the past 50 years (1955–2005) compared to the previous 

100 years (IPCC, 2007). It is also reported that heat stress is one of the major 

environmental concerns under global warming conditions, and rising temperature has 
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led to mortality of animals including aquatic fishes (Brander, 2007; Matthews et al., 

2017). 

      Climate change affects aquatic systems and the uses of aquatic resources by 

influencing the hydrologic cycle through attributes such as precipitation, evaporation 

and evapotranspiration. Higher temperatures and insolation can result in increase of 

water loss from freshwater systems because evaporation rates may outstrip input from 

increased precipitation (Allan et al., 2005). Climate change may also lead to increased 

UV-B and deeper penetration into water bodies (Allan et al., 2005; Reist et al., 2006). 

Increased UV radiation levels affect the survival of certain fish species, normal pace of 

fish growth, and bioavailability of dissolved organic carbon (ACIA, 2004; Reist et al., 

2006). For example, increased radiation in surface waters is likely to disrupt fish 

development and cause damage to young fish, consequently decreasing survival, or 

forcing fish deeper thus slowing growth (Reist et al., 2006). Climate change is also 

regarded as one of the contributors to altering the normal natural trophic status of 

aquatic systems leading to excessive nutrients loss and even loss of fish species in water 

bodies (Bertahas et al., 2006). Even though eutrophication usually comes from sewage 

discharge and agricultural or urban chemical runoff of nutrients and sediments, climate 

change is believed to increase the water temperature and accelerate productivity of the 

water body itself by increasing nutrient cycling, algal growth and bacterial metabolism 

(Allan et al., 2005; Sala et al., 2000). In addition, changes in the oceans will, to some 

extent, also affect inland fisheries. There is evidence that sea level rise will directly 

influence the coastline habitats, and ocean temperature rise, and acidification will also 

affect inland fisheries which are in the nearshore sites (Blaber & Barletta, 2016; Jackson 

et al., 2016). Unfortunately, our knowledge of how climate change impacts individual 
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fish species, fish populations, and local communities has not given us a complete and 

clear picture, but the relevant studies are growing (Lynch et al., 2015). Although UV-

B, eutrophication and acidification effects have been verified, the interaction among 

them is expected to cause negative results for natural systems; these interactions remain 

unresolved and require further studies (Allan et al., 2005). In summary, changes related 

to inland waters include increasing temperature, increased toxicity of pollutants, 

decreased dissolved pollutants. These affect the health of freshwater life and relevant 

ecosystems and productivity of fisheries. The climate change impacts on freshwater 

fishes also include fish physiology and a wide range of fishes in different regions of 

different temperatures globally, according to an extensive study (Ficke et al., 2007). 

For example, increasing temperatures are predicted to trigger declines and even 

extirpations of Arctic adapted fish (ACIA, 2004). 

     The phenomena above reveal the trend that climate is changing, and some 

important variables will affect freshwater ecosystems and inland fisheries. Water 

temperature, its quality and quantity are all affected by changing climate, so the fish 

population, distribution, production and quality can also be predicted to be affected 

profoundly by climate change.  

     Because the loss of biodiversity ranks among the top threats to human well-

being, there is a pressing need to assess and respond to this issue. The international 

Convention on Biological Diversity (UNEP, 1994) defines biodiversity as “the 

variability among living organisms from all sources, including ... terrestrial, marine and 

other aquatic ecosystems, and the ecological complexes of which they are a part; this 

includes diversity within species, between species and of ecosystems. (UNEP 1994, 
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p.16)” The term “biodiversity” therefore represents the richness and the variety of life 

on the planet and passes the information of ecological and species diversity and the 

human responses to it.  Despite the importance of biodiversity in maintaining ecosystem 

productivity and in providing a myriad of ecosystem and economic services, the 2016 

Living Planet Report highlighted climate change as one of the key drivers of 

biodiversity loss (World Wide Fund for Nature [WWF], 2016).   

Moreover, the issue is complicated by human interactions and interventions that 

putatively contribute to global warming. Various scenarios have been considered as a 

guide to help decision makers identify potential impacts of different policy options.  

Efforts by the Millennium Ecosystem Assessment (MA) initiatives and more recently 

by the Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES) 

offer a means to assess the state of the planet’s biodiversity, its ecosystems, and the 

essential services they provide to society (MA, 2005). Based on these global 

assessments, freshwater fishes are among those species that are highly vulnerable to 

anthropogenic impacts and climate change events (Strayer & Dudgeon, 2010).  

Strong evidence that have accumulated worldwide in the past few years reveal 

that freshwater biodiversity loss is not a theoretical issue but an ongoing and 

accelerating catastrophe facing us (Strayer & Dudgeon, 2010). According to The Nature 

Conservancy Great Lakes Program (1994), the importance of addressing impacts on 

fish and other biota can be classified into three categories: biodiversity loss weakens 

and destroys healthy ecosystems, biodiversity is the precious and irreplaceable valuable 

natural resources, and human beings benefit from varieties of ecosystem services (Day 

& Roff, 2000).  
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The adoption of inland fisheries policy has existed for a long time since people 

gained more experience from the world environment reality and became aware of 

limited fishing resources and the reality that fisheries should be regulated. Modern 

governments adopted centralized regulations to control the inland fisheries at the 

national level (Welcomme, 2008), even though it has long been perceived by the public 

that inland fishery resources are common and accessible to everyone. There are some 

practical problems of centralized systems because of their inconsistencies and the fact 

that they are less effective than expected (Welcomme, 2008). Older fisheries 

management models are all from centralized systems and often assume that natural 

resources are inexhaustible, which apparently neglects the environmental impacts on 

fish populations.  

      The rate of overexploiting natural resources is alarming and makes it a great 

concern for the public that fishing resources are also facing the same issue, as increasing 

numbers of marine and inland fisheries are regarded as overfished. FAO observed and 

indicated in 1999 that most of the rivers, lakes and reservoirs are overfished (FAO, 

1999a). Increasing demand and subsidized huge fishing capacity, plus technology 

development have led to overfishing on a large scale (Sumaila, Bellmann, & Tipping, 

2016). As the problem of overfishing emerged, fishing management and governance 

systems have been established accordingly, to counteract the impacts of the “common 

pool” nature of fisheries. Policy makers of many countries imposed stricter laws and 

policies to avoid environmental degradation to ensure sustainable development of the 

fisheries industry. Lots of different management tools and approaches have been 

developed and adopted over time such as setting of total allowable catches (TACs), 

limited entry programs, quotas regulations, spatial planning and access rights to marine 
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protected areas (MPAs). For example, the North Pacific halibut fishery in the US and 

Canada is managed with ITQs (Soliman, 2014). In China, the “Zero Growth” and 

“Negative Growth” tools have been adopted since 2000 as a form of TAC (Shen, G., & 

Heino, M.,2014). In all areas, the focus on overexploitation remains a primary issue in 

much of the inland fisheries management literature (Suuronen & Bartley, 2014). 

 

    However, governmental actions are facing doubts and challenges because 

fisheries related policies and regulations apparently have shown poor governance 

practices, and inland fishery resources and aquatic environments continue to degrade 

in many areas of the world (FAO, 2010). Agnew et al. (2009) pointed out that weak 

governance activities facilitate illegal fishing and the use of destructive fishing 

practices, as demonstrated by the large amount of illegal and unreported fishing on a 

global scale. The FAO attributes much of these unreported fisheries to small scale 

activities (Drammeh, 2000). At the same time, it has been realized that centralized 

management of inland fisheries, coupled with limited and difficult-to-manage small 

scale dominance of the sector, generally is a failure (Soliman, 2014).  Lessons from 

past negative experiences, including the social role of these fisheries to livelihoods and 

how those impact successes of regulations, indicate that consideration of biology alone 

is not sufficient to deal with fisheries. The challenging situations faced by inland 

fisheries call for appropriate inland fisheries management and conservation measures 

in the context of climate change.  

 

 Global warming influences physical and biological processes at local, regional, 

and global scales. The effects of climate change on natural ecosystems have been 

evidenced broadly across ecosystems, societies and economies. While considerable 
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attention has been given to atmospheric and terrestrial systems, it is also apparent that 

climate change has had profound implications for aquatic systems including freshwater 

habitats and the goods and services they provide. There is a general consensus that 

among the myriad of ecosystem services, freshwater and its fish biota represent one of 

the most valuable resources to society. As such, there is a pressing need to better 

understand how freshwater ecosystems function and how inland fish resources might 

be managed considering changing environmental conditions. Ruby and Ahilan (2018), 

Mohanty et al. (2010) and Lynch et al. (2015) are among those who posit that climate 

change will have significant influence on the ecology and future management of inland 

fisheries. The recognition that climate will act as a strong driver of inland fisheries has 

triggered a sense of urgency and a call for adaptation measures to address the potential 

impacts of climate change on natural ecosystems (Palmer et al., 2008; Punt et al., 2013). 

Approaches to incorporating climate change in decision-making is one means to 

address the high level of uncertainty and complexity associated with the management 

of inland fisheries.  

    Although data are limited, and serious knowledge gaps remain, Food and 

Agriculture Organization (FAO) (2009) and others (Chu et al., 2005; Rieman et al., 

2007; Lynch, 2010; Eby et al., 2014) have documented how climate change is 

expected to impact fisheries and how it will further complicate resource management. 

Many drivers including climate change combined make it more difficult for policy 

makers and stakeholders to devise suitable adaptive options and proactive measures 

for fisheries management. This challenge is particularly pressing for inland fisheries 

where the systems are poorly understood, and less attention has been directed 

compared to marine fisheries. Several studies have pointed to the immediate need for 
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new tools and approaches to deal with challenges and uncertainties associated with the 

management of inland fisheries (Cowx & Collares‐Pereira, 2004; Lynch, 2013; Lynch 

et al., 2015).  

     Among the rich literature dealing with the governance and management of 

fisheries, many publications focus on the marine sector (Beddington, Angew & Clark, 

2007; Dulvy et al., 2011; Johnson & Welch, 2009). In contrast, there is a paucity of 

information on inland fisheries. Inland fisheries are important because they provide 

livelihood and food resources for the poorest of the world, yet their value to society is 

often ignored (Dulvy et al., 2011). Current inland fisheries management practices are 

generally not that effective (Lynch et al., 2017; Myers et al., 2017). New approaches 

are required to effectively manage inland fisheries that incorporate the effects climate 

change and other drivers have on the management and policy development processes. 

1.3 Problem statement  

 Research on impacts of climate change on aquatic ecosystem services has grown 

increasingly (Mooney et al., 2009), particularly in coastal and marine areas (Maes et 

al., 2013). However, the effects of climate change on inland fisheries has been given 

less attention globally, despite the importance of protein production in both fisheries 

and aquaculture systems (Beddington, Angew & Clark, 2007; Welcomme et al., 2010, 

FAO, 2016). The global community requires a better understanding of the effects of 

climate change on inland fisheries ecosystem services and how to integrate this 

knowledge into decision-making and policy development processes. To address this 

knowledge gap, the thesis asks: are climate change effects integrated into inland 

fisheries management and policy development? To answer this important question, 
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three objectives will be pursued:  a. to conduct a systematic literature review to answer 

the question, is climate change appropriately integrated into inland fisheries 

management and policy development; b. to determine the degree of integration of 

climate change knowledge into inland fisheries management and policy development 

using the DPSIR model as an evaluation framework; and c. to identify gaps and 

recommend key directions for future research. 

1.4 Structure of the thesis 

The thesis is structured into four chapters. The four chapters are systematically 

designed to ensure coherence and continuity in the work. The chapters are as follows: 

Chapter one provides the reader with the necessary background to understand the nature 

and extent of inland fisheries and the degree to which they have been impacted by 

climate change and are predicted to be impacted. It comprises headings such as the 

introduction to the study, statement of the problem, research questions, research 

objectives, and outline of the study. Chapter two describes the methodology used. 

Chapter three presents the results of the systematic literature review. This chapter 

provides the reader with a comprehensive overview of the degree to which climate 

change is incorporated in inland fisheries management and decision making and helps 

place that information into perspective. Specifically, the review considers works that 

address the need for managers of inland fisheries to incorporate climate change into 

their management regimes. The chapter discusses key issues that will help elucidate the 

state of knowledge surrounding this topic. This is important in helping understand 

where gaps exist, and to enhance understanding of the ensuing chapters. Specific areas, 

including inland fisheries in general, climate change impacts on inland fisheries, inland 
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fisheries management incorporating climate change, are discussed in this chapter. 

Chapter four includes the conclusion, limitations of the study and recommendations for 

further research. 
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Chapter 2 Methods 

This thesis adopted a meta-analysis method to systematically review the 

literature. The Driver-Pressure-State-Impact-Response or DPSIR framework is used as 

a filter to describe the degree to which the climate change as an agent of change has 

been integrated into inland fisheries management and policy development. The 

literature search has used the databases from online library of Memorial University of 

Newfoundland. In this chapter, the researcher outlined the procedure used to undertake 

the review. In the first part of the chapter, the analytical and theoretical 

framework -DPSIR- is introduced. The second part of the chapter then explains the 

step-by-step procedures for the review.  

2.1 DPSIR framework 

To answer the research question, the Drivers-Pressures-State-Impact-Response 

(DPSIR) framework is used as a tool to investigate the degree to which integration has 

occurred. The DPSIR framework was first used to describe relationships and 

interactions between society and the environment (Gabrielsen & Bosch, 2003). The 

framework arranges relevant environmental indicators into categories to help explain 

the relationships between indicators within the conceptual model. This framework has 

also been used by several researchers to monitor and integrate the many components 

that underlie ecosystem processes. As such, the DPSIR framework is useful in 

describing the relationships between the origins and consequences of environmental 

problems. The framework can provide insights into the many links that occur among 

DPSIR elements.  The DPSIR model has been used as an analytical framework to 

systematically review and assess important resources sectors impacted by drivers and 
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pressures, including water issues (Borja et al., 2006; Mattas & Panagopoulos, 2014), 

biodiversity issues (Maxim et al., 2009), and ecosystem services issues (Atkins et al., 

2011). Thus far, the framework has had no or limited use in the field of inland fisheries. 

The DPSIR (Drivers-Pressures-State-Impact-Response) framework originated 

from the Pressure-State-Response (PSR) concept, proposed based on the concept of 

cause and effect phenomena by the Organization of Economic Cooperation and 

Development (OECD, 1993) for environmental reporting. PSR is the earliest form used 

as a framework, which was expanded from Rapport and Friend’s (Rapport & Friend, 

1979) stress–response model. The PSR model describes in detail how human-induced 

pressures are exerted on the current situation of the environment (State) and social 

responses to the changed environmental conditions (new State) for adaptation (OECD, 

1993). PSR is a very simple cause-effect relationship in a system and it can be linear or 

cyclical (Bell & Morse, 2003). As Bell and Morse (2003) mentioned, the PSR linear 

cause and effect relationship can be described as pressures or driving forces’ influence 

on the existing environmental states and the responses to the states can become new 

states. The cyclical PSR model incorporates a ‘benefit’ element (for example, 

aesthetical or recreational value as fishing or boating) (Bell & Morse, 2003). This 

benefit aspect will drive the human activity to reach the required situation. Changes 

imply that there are inevitable factors in the PSR model which can be opportunities or 

threats at the same time, the invention of new technologies is a good example. Desired 

benefits or values are the drivers for promoting changes. The model depicts a circular 

picture of how these benefits and environmental conditions are intertwined and how the 

respective components interact.  
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     There are some problems in this model despite it becoming more and more 

popular in improving scientific problem-solving. Spangenberg and Bonnior (1998) 

argued that the “response” is inclined as it let institutional authorities make short-term 

policies decisions which solve immediate problems but undermine the function of long-

term development and prohibit the proactive strategies for the responses. A major 

problem is that the PSR model only pays attention to anthropogenic pressures without 

considering the natural variables in its classification scheme (Bowen & Riley, 2003). 

The fact that most of PSR model indicators sometimes cannot indicate the various 

causalities and interactions inherent in sustainable development (Gallopin, 1997; Hardi 

et al., 1997) is also regarded as another potential problem, resulting in one-dimensional 

angle thinking. However, multiple pressure indicators can be influenced by a single 

state indicator and one single indicator can be characterized as either pressure or driver 

(Hardi et al., 1997). Even though more indicators can be considered to avoid this, it is 

still criticized as a highly mechanic and simple model which confines sustainable 

development to a narrow space by damaging its organic and dynamic nature (Gallopin, 

1997). The UNSD (United Nations Commission on Sustainable Development) 

modified the PSR model in 1997 by adding driving forces (or Drivers) to this 

framework. The DPSR model incorporated pressures caused by natural systems in 

addition to existing social, economic and demographic pressures (Carr et al., 2007). 

Driving forces can be aspects such as demand for water, food or other resources. The 

demand for these needs’ satisfaction can lead to the pressures within the framework.  

Another problem arising is that changes for the states are not clearly clarified both in 

the PSR and DPSR models. There is no reasonable explanation behind the responses to 

changes because the changed states of the environment are not described (Bowen & 
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Riley, 2003). Social impacts (economic values) of the changing states are normally 

regarded as the prioritized variables for institutional authorities to make responses.  

     Through time, DPSIR evolved to become a formalized framework to define 

the interactions among drivers, pressures, states, impacts and responses and how they 

impact on the environment from a systemic perspective (Kelble et al., 2013). The 

European Environment Agency (EEA) and the European Statistical Office have applied 

this framework to describe societal and environmental relations and it still serves the 

function of environmental data collection, categorization and dissemination, as well as 

indicators development (EEA, 1997). The DPSIR framework was later adopted as the 

foundation of integrated environmental assessments in the UN GEO4 DPSIR 

Framework (UNEP, 2007), which focuses on the combination aspects of environmental 

and social factors. Drivers can be referred as driving forces which have direct impacts 

on the environment (UNEP, 2007). 

  The framework is widely used in the fields of global change, ecosystem 

research, and sustainable environmental analysis, and to investigate relationships 

between causes and effects among intertwined environmental, economic and social 

systems components (Kristensen, 2004). For example, Krajnc and Glavic (2005) 

established a standardized set of sustainability indicators for companies, involving all 

major aspects of sustainable development. Its indicators can also be used in assessing 

environmental sustainability issues from different perspectives (Sun et al., 2016; Reed 

et al., 2006; Singh et al., 2009). 
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     This framework describes that human needs such as population development 

and economic growth act as drivers (D) in environmental fields, which impact (I) on 

human activities and exert pressures (P) on them; as a result, the status (S) of the effects 

will change, which calls for the response (R) to the status. In other words, the influence 

of the impacts (I) requires the changing of the status (S) or correspondent responses (R) 

in dealing with environmental issues. This framework has an inner evaluating structure 

with key indicators to direct policy makers to understand the relationships among the 

overall system and how drivers and pressures work; thus, DPSIR helps them adopt 

reasonable and effective strategies on environmental problems and influence the 

making of political choices according to the results of their analysis (Timmerman et al., 

2011). The DPSIR framework therefore is a useful and an important tool for examining 

complex associations and interactions among freshwater fisheries resources and other 

social and economic elements because it offers a systematized way for understanding 

the drivers, effects and impacts, and responses to the changing climate (Hou et al., 

2014). Thus, DPSIR framework is used in this thesis to identify drivers, impacts and 

assess how projected impacts and associated uncertainties can effectively help to 

analyze the data collected from databases. The uncertainties incorporated in the 

definition of “state” and the extent to which they are considered in decision making will 

also be assessed because this can serve as a guide for policy makers and managers to 

develop policies and predict the further possible climate change scenarios better to 

reduce the climate change impacts and make inland fisheries more sustainable. It is 

helpful to ask the following questions in determining each component by using the 

DPSIR framework (UNEP, 2014). 
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Table 2.1 Questions for determining DPSIR components 

 

Source: UNEP, 2014 

 

The DPSIR framework is used in this thesis to explain the logical thinking 

following four steps from the perspective of impacts of changing climate on inland 

fisheries. Step 1 - What is happening to inland fisheries and why? (current status, drivers 

and pressures). Step - 2 What are the consequences for the environment and humanity? 

(Impacts). Step - 3 What is being done and how effective is it? (Responses). Step - 4 

Current human responses and further recommendations. (Responses) 

  As explained above, the DPSIR framework has been applied by EEA and other 

researchers to assess the causes, consequences and responses to environmental changes 

in a comprehensive manner. In the context of freshwater ecosystem, the general Drivers 

of fisheries management are the climate change and non-climatic factors, such as 

anthropogenic influences. Each of the Drivers can cause one or multiple Pressures on 

the ecosystem. The current State of change occurs and does have impacts on the society. 

Purpose What is the purpose of the assessment or what is being assessed? 

Drivers What drivers (D) led to these pressures (P)? 

Pressures What are the pressures (P) responsible for the present state of the 

environment (S)? 

State What is the state of the environment (S) or part of the environment (e.g. 

habitat)? 

Impacts What are the impacts (I) of the present state of the environment (S) on 

society? 

Responses What actions or responses (R) should be taken? 
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The impacts can be accumulative effects and can last long or short time. The human 

responses, including different tools and approaches, must act towards these changes in 

managing the inland fish and fisheries to make them environmentally or ecologically 

sustainable. 

 

2.2 Overview of the approach to the literature review  

 

This thesis conducted a systematic literature review using different databases. 

The first phase of the literature search focused on a general treatment of freshwater 

ecosystem services and how researchers approach its assessment. The second addresses 

inland fisheries management under the context of climate change. 

Systematic literature search  

 

                The first step involved a generic approach to the research area; articles which 

considered ecosystem services were sought after in this phase. The purpose of this 

generic approach was to get a broad view of the larger literature in which the study fits 

in. It was also to further justify why inland fisheries required attention within the 

ecosystem’s literature.  In the first phase, two databases were selected to conduct peer-

reviewed literature search on climate change and freshwater ecosystem services 

assessment: Web of Science Core Collection and Scopus. The choice of the databases 

was determined after consultation with supervisors and library assistants at Grenfell 

Campus, MUN. The specific selection period is from 1990 to 2018. Articles published 

in 2018 were only included if they appeared in the database before April 2018. The 

researcher applied the search terms: ‘freshwater ecosystem services assessment’ OR 

‘ecosystem services’ AND ‘climate change’. Non-English language articles were 

excluded from the selection requirements. This was to ensure consistency and to ensure 
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validity of materials included. Systematically applied criteria were used to identify the 

relevant literature. The following criteria were followed: (1) peer-reviewed English 

language journal articles; (2) articles published between 1990 and 2017; (3) articles 

addressing the impacts of changing climate or potential climate change effects on 

ecosystem services; (4) articles assessing climate change effects. The third review 

round involved screening the specific types of ecosystem services and articles genres 

in general. All articles were analyzed in detail and it was determined if they met the 

search criteria. 

In phase two, four databases were selected to conduct the systematic literature 

review about climatic impacts on inland fisheries: Web of Science, Scopus, Google 

Scholar and The Federal Science Libraries. In Web of Science and Scopus, the specific 

selection period was from 1990 to April 2018. The researcher applied the search terms 

‘inland fisheries management’ OR ‘inland fisheries’ OR ‘freshwater fisheries’ OR 

‘freshwater fisheries management’ AND ‘management’ and ‘climate change’ in the 

Web of Science and Scopus. Google Scholar was added because of its ability to capture 

grey literature. Just as in the other databases, articles published in 2018 were only 

included if they appeared in the database before April 2018. Non-English language 

articles were excluded as noted for the first section of data collection. Several criteria 

were used to identify relevant literature related to climate change impacts on inland 

fisheries. The following criteria were established to conduct the review: (1) peer-

reviewed English language articles; (2) articles published between 1990 and April 

2018; (3) articles included the impacts of changing climate or the potential climate 

change effects; (4) articles closely related to inland fisheries and its management 
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options or practices. The systematic literature review process applied can be found in 

Figure 2.1. 

 

Figure 2.1 Literature review process 

 

Source: Author’s Construct (July 2018) 
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2.3 Data processing, presentation and analysis 

 

The study aimed to systematically review literature on the impact of climate 

change on inland fisheries and how the phenomenon is incorporated into management 

decisions.  Data were collected from online databases to assess the state of the literature 

and to understand how climate change is further incorporated higher up into decision 

making. Articles retrieved were carefully read for understanding. Pre-determined 

themes were then applied to seek information from the articles. Key statements were 

highlighted and copied into separate Word files, where they were later paraphrased to 

explain each theme. Data are presented using various forms of quantitative techniques 

and qualitative techniques. The univariate data analysis was employed to present basic 

descriptive characteristics of articles. Data were then organized and examined to 

generate frequency counts to compare among groups (for example, article distribution 

on place and year of publication). In analyzing qualitative data in this study, a thematic 

based content analysis was employed. Key themes were used as guide to extract 

information from articles while reading. Information was later grouped into the themes 

and explained using tables, graphs and descriptive writing.   

Generally, data were analyzed through careful interpretation of findings. This 

involved the use of both observation and reasoning. In this sense, various patterns of 

findings derived from analyses were observed and with careful and thoughtful 

reasoning, the required analyses were made. This analysis was done making use of 
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researcher’s own experience in the area of study as well as the available literature which 

aided in comparisons with the study’s findings. 
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Chapter 3 Results and discussions 

 

3.1 Literature search 

As mentioned earlier, the literature search was done in two phases with the first 

part aiming to position and justify the study within the broad literature on climate 

change and ecosystem services. From the first-round searches, 266 articles met the 

requirement in the Web of Science Core Collection, and 215 articles met the 

requirements from Scopus. The second round involved filtration which began with a 

review of the abstracts. The articles that were irrelevant to climate change impacts on 

freshwater ecosystem services were excluded. There were 66 articles that met the 

criteria in the Web of Science Core Collection and 52 articles qualified from Scopus. 

Following this review, 103 articles were selected from the second round of selection 

(See Table 3.1).  

Table 3.1 Breakdown of selected articles for review  

 

Types of ES 
Science of Core 

Collection 
Scopus Total 

Wetlands FES 5 1 6 

Fisheries FES 3 1 4 

Pure FES 12 10 22 

Combination of FES 

and other ecosystem 

services 

5 2 7 

Review or synthesis 4 1 5 

Widely generally 

described 
3 1 4 
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The influence of forest 

on FES 
2 1 3 

More science models 12 5 17 

Total 46 22 68 

Source: Author’s Construct (July 2018) 

 

As the result of the first search, there were a limited number of articles which 

examined inland fisheries, especially regarding climate change. Therefore, more 

attention needed to be paid to the broad sector in relation to climate change. The second 

phase therefore built on the idea to undertake a tailored search based on inland fisheries. 

In the second phase, 997 articles appeared in the Web of Science after searching key 

terms, and 148 articles were from Scopus. In the Google Scholar, first, the author 

applied advanced searching by inputting key terms ‘fisheries management’, ‘climate 

change’ from the period of 1990 to 2018. About 89 articles were selected after 

excluding nine articles about marine fisheries. Second, the author searched the key 

words ‘inland fisheries management’, ‘climate change’ appearing anywhere in the 

articles.  Around 17, 400 articles were showed in the results after applying searching. 

The researcher took the prior 300 articles as the data materials for review.  So, all 

together 389 articles were finally collected from Google Scholar in the first round after 

key terms searching. There were 1534 articles selected in total from the first round, i.e. 

997 from Web of Science; 148 from Scopus; 389 from Google Scholar.  

The second round involved filtration, which began with a review of the titles 

and abstracts. The articles which did not meet the criteria were excluded. About 133 

articles met the criteria in Web of Science, 65 articles from Scopus, 62 articles from 

Google Scholar from this round. One important reason for the result was high repetition 
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of articles from Web of Science and Scopus. Following this review, 260 articles were 

selected from the second round of assessment. There was a concern that initially a low 

number of peer-reviewed articles met the criteria. Consequently, an additional third 

round of the review process was conducted.  

           The third round focused on Federal Science Libraries to target extra ‘grey’ 

literature, comprised of Canadian government reports and documents. It produced more 

than 305 articles related to climate change’s impacts in general from 1990 to 2018. 

However, only 8 articles were related to inland fisheries. The researcher used these 

results as a form of verification pointing to the paucity of articles dealing with climate 

change and inland fisheries. The fourth review round involved screening the full texts 

of all identified articles and scanning the references from them. All articles were 

analyzed in detail and it was determined if they met the search criteria. Finally, 99 

articles were selected from these four databases. The systematic review process applied 

in the thesis has been conducted and the contents of the selected 99 articles were 

analyzed using the DPSIR framework. The analytic results about the context will be 

further described below. 

3.2 Contextual information 

The thesis aims to provide a systemic review of articles on inland fisheries 

impacted by climate change and the management and policy development about it. The 

systematic review revealed some patterns in the contextual information of the reviewed 

articles. Many contextual highlights can be derived from the review; however, for the 

purpose of this section, the years of publication and geographical scope of articles are 

described. The purpose of this approach is to understand how climate change 
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incorporation into inland fisheries literature has developed across the globe over time. 

The two variables of years and geographical scope of the article can help evaluate the 

development of the field and help identify research gaps to position scientific priorities. 

The literature review disclosed important trends in publication patterns over time 

beginning in 1990 (Figure 3.1).  

 

Figure 3.1 Year of publication of articles, 1990-2018 

  Source: Author’s Construct (July 2018) 

 

The date showed a general upward trend in the development of the research field, with 

the majority of articles emerging after 2006. There were virtually no relevant articles 

prior to 1995, but the situation changed abruptly in 2006.  Interestingly, the growth in 

publications that occurred immediately after the turn of the millennium can be 

attributed to widespread attention to climate change beginning in 2000 (Xenopoulos et 

al., 2005; Brander, 2007; Whitfield et al., 2010; Hague & Patterson, 2014). Scholarly 

attention to climate change was particularly evident following the establishment of 
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Millennium Development Goals in 2000. The growth of articles from 2011, as in the 

last decade, reveals distinct academic attention to climate change impacts on freshwater 

fisheries as a means to facilitate policy actions in sustaining inland fisheries in the 

Anthropocene-the age of man (Malm & Hornborg, 2014). It must, however, be noted 

that despite an increase in academic attention to the issue in the last decade, the situation 

is not consistent across the globe.  

A geographical scan of articles reveled a predisposition towards the developed 

world (North America). Spatial scale categories are classified by the seven continents 

of the world plus Arctic regions. The extent of research which takes a global scope to 

inland fisheries management is also included. North America accounts for the highest 

number of relevant studies with 33 articles, while South America and Arctic regions 

ranked the lowest, two of each (Figure 3.2).   

 

Figure 3.2 Spatial scope of reviewed articles 

Source: Author’s Construct (July 2018) 

 

         From Figure 3.2 there are significant variations in spatial scope of articles related 
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number of published works in the area, however it is unclear why this is the case. One 

reason that can be inferred is the extensive study of biodiversity in relation to fisheries 

in the North American context which has been reflected in earlier reviews of this nature 

(Hunt et al., 2016; Fussell et al., 2016; Blaber & Baletta, 2016). The researcher, 

however, acknowledges that this may also have been influenced by biases from search 

engine results based on location.  That notwithstanding, the findings of this study 

therefore confirm the results of the geographical distribution of studies indicated in 

other reviews dealing with climate change and inland fisheries (Lynch et al., 2015; 

Gallowayet al., 2016; Hunt et al., 2016; Hansen et al., 2018). 

3.3 DPSIR components from the perspective of inland fisheries management 

 

         The impact of climate change on natural resources, including inland fisheries, is 

enormous and complicated. Understanding the directions and scales of such impacts, 

and the policy implications are equally complex tasks for researchers and decision 

makers. The complexities of climate change-human systems interactions require careful 

analysis and more targeted approaches.  As complex as climate change-human systems 

interactions may be, incorporating the phenomena into decision making could also 

prove daunting. This explains why researches have adopted established frameworks to 

understand the socio-ecological complexities. The DPSIR framework also allows 

further exploration of issues beyond human-nature interactions that may also have 

implications for resource management. Figure 3.3 and the discussion that follows 

employ the DPSIR framework to analyze inland fisheries management issues in the 

face of climate change, while highlighting non-climatic factors as well. Arrows 

represent cause-and-effect relationships among various components of the framework. 
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There are many stressors which are intertwined and interact with each other in the 

inland fisheries sector: some of them are very complicated and not easy to demonstrate 

in a simple way. 
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   Figure 3.3 DPSIR analytical framework for integrated environmental 

assessment and reporting 

Source: Adapted from UNEP (2007) 
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The above analytical framework (Figure 3.3) is based on the GEO reports based 

on Global Environment Outlook-4 and adapted from the UNEP (2007) to permit an 

integrated analysis of environmental trends and policies, through which we can 

understand current management practices and propose more effective and useful policy 

recommendations. The understanding of the current status of inland fisheries requires 

us to know the Drivers (Driving forces or indirect Drivers) and Pressures (direct 

Drivers) that influence different State variables. In this thesis, Drivers fall into two 

categories: climatic drives and non-climatic drivers (such as science and technological 

innovation, economic demands, etc.). The multiple general Drivers lead to more 

specific Pressures (e.g. overfishing, land use alteration, dam construction, invasive 

species, resources extraction, modifications of genetic organisms). These pressures 

cause changes of the state of the environment (climatic variables changing, loss and 

changes of fishes’ biodiversity, habitat contamination and degradation, pollution, land 

degradation) and also changes caused by natural processes like air and water 

temperature changes. Changing environments impacts on the freshwater ecosystem 

itself include fish populations, fish distribution, fish productivity, biodiversity, habitat 

alteration and degradation, and land use changes. Importantly, the changing of 

ecological aspects can lead to profound changes in social, economic, and other human-

related problems. Accordingly, societal responses to environmental change can affect 

the environment and the connected Drivers and Pressures. Different response groups 

seek to ‘prevent, compensate, ameliorate or adapt to changes in the state of the 

environment’ (Gabrielson & Bosch, 2003, P. 8). Two main societal responses groups 

can be identified with decision making according to decision patterns and scale: one is 

related to policy actions and another one to distinct responses from different levels of 
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the society (from government, private sector or NGOs) represented by groups or 

individuals (Maxim et al., 2009). In the context of climate change, the responses can be 

divided into mitigation and adaptation. The mitigation part involves responses aiming 

at moderating impacts by enhancement or restoration. Adaptation includes responses 

aiming to help society develop adaptive capacity to environmental changes. Responses 

aim to restore or maintain the current State of the environment, or to aid to adapt to 

impacts by controlling drivers or pressures (Gabrielson & Bosch, 2003; Perrings, 2005). 

The combination of exposure to changes in states, the social adaptive capacity and 

sensitivity to changes determines the degree to which people are more vulnerable or 

resilient to changes. Responses sometimes may be regarded as negative drivers, 

because they target at guiding current popular trends to an opposite direction in 

consumption and production patterns (Smeets & Weterings, 1999). As such, the gap 

between drivers and response can be vague and changeable (Maxim et al., 2009). 

Multiple drivers can help dismantle the complex relationships between humans and 

environmental systems, and therefore, the DPSIR framework helps policy makers and 

relevant stakeholders better understand the issues faced by inland fisheries. It is also 

important to add uncertainty factors to the framework to avoid a linear cause-and-effect 

description of the problems.  In the sections that follow, each of the analytical 

components (variables) of the framework is expanded to highlight their contextual 

applicability to inland fisheries management using the data from the review.  

3.4 Drivers  

Drivers are natural conditions or human activities which underpin 

environmental change. The Millennium Ecosystem Assessment (MA) report contends 
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that drivers can be both natural and anthropogenic factors which directly or indirectly 

can lead to change in an ecosystem (MA, 2003). Historically, the term “drivers” is less 

often referred to as political and social factors but these should be taken into account in 

dealing with environmental problems (Maxim, Spangenberg & O’Connor, 2009). 

However, this thesis examines drivers from the perspective of both climatic and non-

climatic factors. 

With reference to climate change as a driver, various climate change attributes 

(e.g. temperature, precipitation, extreme weather events) have been mentioned in the 

literature, most of which include more than one attribute (Figure 3.4).  About 24% of 

the articles mentioned climate change generally but the specific attributes are unknown. 

When articles appear specific, temperature is ranked as the first among the attributes, 

as discussed in 72 works. Precipitation change is also widely referred to, and ranked 

second, and this includes increasing or decreasing precipitation. Other attributes in 

combination with each other were also mentioned in these articles. Most of the articles 

mention more than four climate change attributes, which indicates the critical role of 

climate change in affecting the fisheries sector. 
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Figure 3.4 Number of climate change attributes discussed in articles  

Source: Author’s Construct (July 2018) 

 

 

Climate change is imposing great pressures on inland aquatic ecosystems and 

may become a dominant factor influencing the sustainability of inland fisheries 

(Barange & Perry, 2009; Bates et al., 2008; Suuronen & Bartley, 2014). Warming water 

temperature has led to species range shifts in river fish communities along with 

decreasing survival rates and range contraction of cold-water species such as salmonids 

(IPCC, 2014, p. 295). Changing temperature regimes in the freshwater ecosystems may 

create opportunities for new aquatic habitats at higher latitudes for migratory species 

but range contraction posed threats to the long-term persistence of some fully aquatic 

species (IPCC, 2014, p. 295). The evidence of climate change impacts on fisheries has 

accumulated, but it is suggested that climate change itself as a driver for inland fisheries 
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management has been underestimated and neglected for a long time (Taylor et al., 

2016).  

In much of the literature, climate change is a major driver. However, there is 

more to the issue of inland fisheries management than just climate change. Many 

studies have mentioned other drivers, including economic development, demographic 

changes, technology and innovation development, and internal fisheries management 

practices (Welcomme et al., 2010). Since climate change is the focus of this research, 

discussion of these non-climatic drivers is limited. It must, however, be noted that 

climatic and non-climatic drivers both impact freshwater ecosystems and influence the 

management of inland fisheries across the globe.  

3.5 Pressures  

Pressures are caused by driving forces and can also be influenced by the societal 

responses to a particular environmental problem (Kristensen, 2004). Pressures are 

largely anthropogenic inclinations that lead to environmental change (Impacts). There 

are multiple stressors contributing to inland fisheries management under climate change 

conditions. The evidences of Pressures from this review can be classified into four 

categories: environmental, social, economic and political pressures, which are distinct 

but closely related (Table 3.2). This classification also matches the sustainable spheres 

for inland fisheries decision making (Lynch, Varela-Acevedo & Taylor, 2015).  

    Table 3.2 Pressures to Climate Change and Inland Fisheries Management  

Categories Evidences from the review 
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Environmental 

pressures 

climate variability, climate change, species invasion, land use change 

 

Social pressures overfishing or overharvesting, agriculture erosion, deforestation, 

developing trends in pastime activities, population growth and 

urbanization, industrial water pollution, dam’s construction, infrastructure 

development, water abstraction  

 

Economic 

pressures 

social interests, global economic conditions, economic market changes, 

technology and innovation, domestic and international trade, fuel costs 

 

 

Political 

pressures 

lack of governance (illegal fishing) or improper fisheries management, 

governance and political stability, water quality regulation, foreign aid, 

demands for the conservation of freshwater amenity and biodiversity 

Source: Author’s Construct (July 2018) 

 

 

From the table above, many social, economic, environmental, and political 

pressures have been mentioned in the literature (Whitney et al., 2016; Whitney, 2016). 

From the literature, climate change features as a major pressure to inland fisheries. 

Other environmental pressures including climate variability and invasive species have 

also been linked to climate change in the literature (for example, Vass, Das, Srivastava, 

& Dey, 2009; Whitney, 2016). Overfishing, foreign species invasion, pollution and 

other anthropogenic factors are some of the notable pressures emphasized in the 

articles. The diversity of pressures shown in research further highlights the complexities 

involved in inland fisheries management, at a time when human induced climate change 

appears to be increasing.  
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4.6 State 

The review has shown that the current status of inland fisheries and their 

management under climate change conditions are threatened by multiple stressors, as 

mentioned above. For example, water pollution, water and land resources competition 

cause a degradation in water quality and quantity, which can lead to a decline in fish 

productivity, fish populations, fish distribution and fish species habitat. In addition, 

fishing activities have negative impacts on fish abundance, their sizes, and biodiversity, 

which in turn makes them more sensitive to climate change because of the changes of 

inner fish age structure and geographic distribution (Brander, 2007), creating a strong 

synergic effect between climate and fishing.   

Globally, fish suffered a decline of 76% over the past 40 years (WWF, 2014) 

primarily through damage to freshwater habitats (Fausch et al., 2002). Indeed, 

freshwater fish are the most threatened and endangered taxa among freshwater 

vertebrates globally (Collen et al., 2014). One result of this decline is higher 

dependency on that resource by the aquaculture industry. It is expected that aquaculture 

practices will have to increase to meet the demand for food in the future as the result of 

increasing human population and decreasing capture fisheries (De Silva & Soto, 2009). 

However, like in natural systems, climatic influences can result in physiological 

pressure on cultured stocks and affect their productivity in aquaculture fisheries 

(Karmakar et al., 2018). There is also a high tendency for cultured fishes to suffer from 

disease and other related risks, leading to loss of profits for farmers (Karmakar et al., 

2018).  

Studies show that various stressors or pressures accumulate together, and they 

are unlikely to appear separately, and the synergistic effects give rise to complex and 
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unpredictable ‘ecological surprises’ to the current state (Jackson et al., 2016; Koehn et 

al., 2011; Williams & Jackson, 2007). For example, because of climate variability, 

fishing activities, and other human caused environmental problems and combined 

stresses, up to the present, the commercial fish populations have not recovered in 

Alaska (Ward et al., 2017). Another example is that River Indus delta’ s fish stocks 

decline caused by coastal erosion, has become a serious problem in the demersal 

(including penaeid catch decline) fish stock in Pakistan, mainly because of interactions 

among climate change and human interventions (Kidwai et al., 2016). The literature 

review disclosed that in general anthropogenic activities can lead to changes in ocean 

and estuarine conditions, and in turn intensify the intra- and inter-specific competition 

between freshwater and marine ecosystems (Maas-Hebner et al., 2016). The fast pace 

of degrading natural resources, habitat loss and economic loss are all alarming for 

fisheries managers who continue to advocate more suitable and useful policies to 

regulate freshwater and related fisheries resources. 

4.7 Impact  

Arnason (2003) proposed that climate change has direct (e.g. changing the fish 

accessibility to fishermen) and indirect (e.g. altering fish products and fisheries inputs 

prices) impacts on fisheries. Climate changes also have influences on fish production 

quantities and cost of fish and related ecosystem services. Aquatic ecosystems provide 

large amount of goods and services and inland fisheries are especially important for not 

only food security but also for providing numerous other valuable services (Welcomme, 

2011; Béné et al., 2016). The ecosystem services provided by inland fisheries are 

displayed below (Table 3.3). 
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Table 3.3 Ecosystem services provided by inland fisheries  

Setting Commercial 

inland fisheries  

Recreational inland 

fisheries 

Artisanal 

fisheries 

(Small Scale 

Fisheries)  

Freshwater 

aquaculture 

ES derived Human food, 

other animals or 

uses, economic 

value 

Human food, 

cultural services,  

recreational 

services, economic 

value 

Human food, 

livelihoods, 

cultural 

services 

Human food, 

economic 

value 

Location Global  More in 

industrialized 

countries 

More in 

developing 

countries 

More in 

developing 

countries 

Main species Pacific thread 

herring, Atlantic 

salmon, rainbow 

trout 

Cyprinids, black 

bass, white Walleye 

Tilapia, 

common carp  

Halibut, 

salmon, trout 

Source: Author’s Construct (July 2018) 

 

 

Inland fisheries mostly focus on recreational value rather than food production 

in industrialized countries such as in South America (Welcomme et al., 2010). The 

resources are more exploited in the African and Asian countries of the world. There are 

some positive impacts of climate change, such as new species, new markets, and 

enhancement of fish production in tropical and subtropical areas (De Siva & Soto, 2009; 

Paukert et al., 2017; Karmakar et al., 2018). However, the general global impacts of 

climate change and other drivers on inland fishes and fisheries are its negative impacts 

on food security, livelihoods (fishers or communities), economic prosperity (level of 

poverty, economic loss, less recreation value), environment (e.g. habitat), distribution 

and productivity of fish species (fish population), freshwater biodiversity (removal of 

species, or species loss), vulnerability and risks, which greatly impede social and 

economic development. These impacts are discussed in more detail below. 
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3.7.1 Less food security 

 

  In many areas of the world, food security is listed as one of the most important 

challenges, driven largely by climate change, population growth, and decentralization 

(Béné et al., 2016).  Fisheries play an integral role in global food security (Paukert et 

al., 2017; McIntyre et al., 2016; Lynch et al., 2015). About 158 million people depend 

on freshwater fish as their primary animal protein source worldwide (FAO, 2010). 

Inland fisheries for people in poor regions are especially important and prominent 

compared with marine fisheries because of the urgent and basic needs of 

undernourished populations and possible underinvestment in sectors including 

fisheries. Fish provide a well-balanced supply of compounding minerals and vitamins 

D and B, in addition to protein (Speedy, 2003); therefore, they can provide human 

beings a means to secure adequate food resources especially in low income and food 

deficient countries (Welcomme, 2008; Welcomme et al., 2010; Kawarazuka & Béné, 

2011). Because of the significant amount of protein provided, the affordable low cost 

and easiness of accessibility, millions of people around the world in developing 

countries heavily rely on inland fisheries resources. For example, people of Cambodia 

consider fish as the second most significant staple food after rice in Cambodia (van 

Zalinge, 2002). The fact that the areas where there is lower food security have more 

fruitful inland fisheries production shows that inland fisheries can provide easily 

accessible protein and food sources (McIntyre et al., 2016) and this speaks to their 

significance in ensuring food security. For example, a small palm sized fish can meet a 

kid’s daily needs of zinc and iron from Mekong River (Taylor et al., 2016), which is 

beneficial for children’ cognitive development and also for adults’ wellbeing. 

Unfortunately, the important role of inland fisheries in meeting food security is greatly 
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underestimated (Welcomme et al., 2010). SSF’s contribution to food for rural poor 

areas is highly underscored because there is no record about the quantity consumed and 

economic values (Andrew et al., 2007; Bartley et al., 2015), but obviously, they provide 

a main protein source for many nutritionally vulnerable people and are very important 

in global food security (Lynch, Varela-Acevedo & Taylor, 2015). Inland fisheries can 

also be a food source for other animals, for example, they can be feed source for 

livestock or aquaculture operations. Progressively, inland fisheries have played a key 

role in sustaining aquaculture operations, in an effort to push forward global food 

security efforts. Accordingly, there is a spatial coincidence between productive 

freshwater fisheries and low food security, verifying the significant role of inland 

waters played in providing low cost protein and local food sources (McIntyre et al., 

2016).  

3.7.2 Economic prosperity 

 

Except for providing an affordable food source, ensuring local food security, 

inland fisheries also make great contributions to the world’s economies. These fisheries 

represent a strong economic base for many countries. Inland capture fisheries have 

additional market value and economic value such as providing employment and leisure 

opportunities and generating income and experiential activities like tourism (Holmlund 

& Hammer, 1999; Lynch et al., 2015). Their production process is not only related to 

the catching, harvesting and farming activities but also involves processing and 

marketing, which can be regarded as secondary services activities (Brummett et al., 

2007 Welcomme et al., 2010). Fishing is a livelihood and throughout the world makes 

a strong contribution to life quality; it is therefore economically driven regardless of its 
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scale (Valdimarsson & Metzner, 2011). Climate change has big influences on both 

inland capture fisheries and aquaculture production as well as on the global fish markets 

connected to them. Impacted fisheries may cause developed countries to suffer 

economic losses and make it harder for developing countries to meet food demand 

(Ficke et al., 2007). In the fisheries sector, recreational fisheries are of great economic 

value in addition to commercial fisheries’ contribution to GDP of many countries 

(Allen, Southwick & Howlett, 2013). SSF’s economic value is however underestimated 

because they do not always enter into the market and are normally consumed by local 

communities or fishing families, the outputs are confined in local scope (FAO and 

World Fish Center, 2008). Consequently, economic statistics for small-scale inland 

fisheries are limited and there may be no record or information to indicate the net worth 

of the fisheries market and its value to national or regional economies (Andrew et al., 

2007; Bartley et al., 2015). 

 

 

 

3.7.3 Loss of livelihoods 

 

Inland water bodies are inhabited by various species. Many fisher communities 

also live adjacent and depend on these water bodies; thus, the livelihoods of local 

communities are likely to be affected because inland fisheries are very important as a 

food source and more broadly to local economies. Understandably, because of sea level 

rise and changes in salinity, climate change is expected to first affect local communities 

near rivers or estuaries or nearshore coastal waters. Also, for fishers who rely on fishing 
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for their livelihood, the impact of climate change is obvious because of influence on 

habitats, fishing seasons and fish abundance (Hunt et al., 2016). However, these 

significant impacts on livelihoods have been ignored in climate change adaptation 

policies even for marine fisheries management (Badjeck et al., 2010).  

3.7.4 Environmental degradation  

 

Environmental degradation is a crucial factor contributing to the current state of 

freshwater fisheries. Among the 133 reported countries with inland capture fisheries 

production, only 39 of them have shown positive results towards environmental 

sustainability capacity. More than half of these countries are highly dependent on 

fisheries production (FAO, 2003). Hence, the sustainability of inland fisheries is 

ostensibly affected and threatened. Habitat alteration, fragmentation, and habitat loss 

are among the most serious factors responsible for environmental degradation. The 

important role habitat quality and quantity play in maintaining fisheries resources 

should not be underestimated; loss of habitat may affect inland fisheries resources more 

than the exploitation rates (Arlinghaus et al., 2002; FAO, 2010). One known factor 

affecting habitat quality is increasing temperatures and productivity caused by climate 

change that can be harmful to salmonid habitat quality in shallower and productive 

lakes (Blair et al., 2013). Moreover, inland waters are usually located near human 

activity areas and they are experiencing cascading effects from terrestrial systems and 

disturbances from upstream watersheds. Consequently, they are highly vulnerable to 

land use changes and climate change (Lynch et al., 2015). In general, climate change 

has the potential to augment the speed of altering land use by modifying the aquatic 

system (Jones et al., 2006). 
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3.7.5 Less productivity of fish    

 

Fish species losses and population reductions occur worldwide. For example, 

fish catches in the world’s largest inland fisheries catchment, the Mekong River, have 

fallen dramatically following land use changes and river regulations (Dudgeon, 2000; 

Ferguson et al., 2011). There are still about 200 more dams under construction or 

planned in the Mekong river posing great pressure for fish migrations as well as food 

security because the catchment provides local people about 70% of the protein source 

(Osborne, 2004). The same situation is cited for rivers in USA, leading to almost 

extinction of diadromous species with declining rates of 95% to 99% because of dam 

building and overfishing and habitat changes (Brown et al., 2013). The fish habitat loss 

in many areas in Canada also result in less fish productivity (Quigley & Harper, 2006). 

For example, Edge et al., (2017) used five watersheds around the Toronto area to show 

how human activities have led to loss of biodiversity in the region. And in fact, the 

factor of changing climate has also been noted to be aggregating the situation (Chu, 

Mandrak & Minns, 2014). 

3.7.6 Distribution and biodiversity loss 

 

Climate change and other anthropogenic impacts make freshwater biodiversity 

degrade faster than marine or terrestrial biodiversity (Alcamo et al., 2003; Dudgeon et 

al., 2006; Jenkins, 2003). Strong evidences show that climate change is exacerbating 

the speed of decline for many freshwater species, especially in arid areas or 

Mediterranean climates (Moyle et al., 2013). Freshwater fish are considered especially 

vulnerable to environmental changes, because of their dispersal ability, besides being 

greatly constrained by the river network structure (Grant et al., 2007), and they are 



 

48 

 

further limited by artificial barriers (Branco et al., 2014). Factors that are intrinsic to 

species, such as physiological traits, may also be subjected to the potential effects of 

climate change on fish. Climate alterations can lead to changes in growth, survival, 

reproduction rates, or in responses to changes at other trophic levels (Beaugrand et al., 

2002: 2003). In fact, recent studies have demonstrated a significant effect of species 

traits on the variability of the observed range shifting trends on stream fishes under 

climate change (e.g. Alofs et al., 2014).  

Endemic species or those with limited ranges are naturally prone to extinction 

(Brown & Kodric-Brown, 1977; Stacey & Taper, 1992; Hanski, 1994; Angermeier, 

1995). Therefore, another possible effect of climate change is the loss of biodiversity 

through the extinction of specialized or endemic fish species. It is difficult to quantify 

this loss in financial terms, but there is some evidence that people are willing to pay to 

preserve native fish species (Nishizawa et al., 2006), even those that are not 

commercially or recreationally exploited (Loomis & White, 1996). Furthermore, it can 

be argued that biodiversity has intrinsic and ecological value and should be preserved 

whenever possible. 

3.8 Responses 

As to response to the drivers and pressures and current status of inland fisheries, 

management options for policy makers are needed to consider comprehensive factors 

including natural conditions, societal elements, economics, as well as scientific 

uncertainties (Lynch, Varela-Acevedo & Taylor, 2015). Responses sometimes can be 

seen as negative drivers (Smeets & Weterings, 1999). For instance, if policies aim at 

managing climate change impacts on the inland fisheries, they can be regarded as 



 

49 

 

responses. Some policies or recommendations may not fully consider climate change 

aspects or if there is inadequate regulatory attention, they can also be considered as 

drivers or pressures. The literature has highlighted many responses to the drivers of 

climate change in the inland fisheries sector. More than nine major themes are derived 

in this thesis from the responses (existing and proposed) in inland fisheries management 

under the context of climate change: conservation approaches, water management 

approaches, proactive approaches, modelling approaches, adaptive approaches, 

resilient approaches, cross-sectoral approaches (stakeholders’ involvement), 

monitoring response, and other responses. Table 3.4 outlines these themes and the 

specific responses under each of them and highlights responses to climate change. 

Table 3.4 Responses to climate change and other drivers’ impacts on inland 

fishes and fisheries  

 

Approaches Specific response References 

1.Conservation conservation introduction Galloway et al., 2016 

 biodiversity conservation management design  Cohen et al., 2016 

 genetic diversity among stocks and habitat 
conservation 

Uppanunchai et al., 2015; Bryant, 2009 

 fish conservation management (involving 

stakeholders) 

Collares-Pereira & Cowx, 2004 

 the freshwater biodiversity conservation Chu et al., 2015; Crook et al., 2010; Heino et al., 2009 

 habitat conservation Whitfield et al., 2010; Bryant, 2009 

2.Water 

management 

integrated watershed management strategy Vass et al., 2009; Groll et al., 2016 

 management of freshwater systems Jackson et al., 2016 

 improving water management and other features 

of hatchery operations 

Uppanunchai et al., 2015 

 inter-jurisdictional integration development Poesch et al., 2016 

 integrated assessments of the potential impacts 

and viable response options for alternative climate 
futures 

Meyer et al., 1999 
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 increased research and a national water state Schindler, 2001 

  reductions in water consumption  Xenopoulos et al., 2005 

3. Precaution  proactive management Ficke et al., 2007 

 applying the precautionary principle Hughes et al., 2000 

 proactive and mitigation for resilience 
 

precautionary management  

Morrongiello et al., 2011 
 

Cochrane et al., 2009 

4. Modelling mechanistic modelling approaches Fussell et al., 2016 

 appropriate and effective models Koehn, 2011; Hague & Patterson, 2014 

 long-term studies and the development of 
predictive models 

Elliott et al., 2010 

 development of models linking climate variability 

and ecological processes 
 

a more process-based approach especially using 

climate models 

Meyer et al., 1999 

 
 

Hobday & Lough, 2011 

5. Adaptation adaptive management Maas-Hebner et al., 2016; Hughes et al., 2000; 

 Lynch et al., 2015 

 adaptation options Uppanunchai et al., 2015; Das,  2013 

 adaptation strategies development Koehn, 2011; Das & Sharma, 2010 

 development of adaptive capacity Natugonza et al., 2016 

 capacity building among the community various 

adaptation options 

Karmakar et al., 2018 

 building adaptive capacity Allision et al., 2009; Chu et al., 2005;  

Daw et al., 2009; Hyatt et al 2003 

 enhance the adaptive capacities of the livelihoods Jayasinghe & Niroshana, 2016 

 capacity-building would be enhanced Sam Ath et al. 2013 

 vulnerability and adaptation strategies Das & Sharma, 2010 

 adaptive and ecosystem-based approach Poesch et al., 2016; Lynch et al., 2016 

 ecosystem approach in resource management with 

a sustainable approach 

Karmakar et al., 2018 

6. Resilience developing resilient systems Paukert et al., 2016 

 maximizing resilience to the effects of climate 

change 

Wainwright et al., 2013 

 resilience-based approach Allison et al., 2007 

 resilience-building measures Pittock, Hansen & Abell, 2008 

7.Partnership 

building 

cross-sectoral solutions Das  et al., 2013 
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 engage more effectively with other stakeholders Graaves & Maule, 2014; Pauket et al. 2017 

 participatory activities Alho et al., 2015 

 integrating all actors transboundary approaches Midway et al., 2016 

 cross-sectoral interventions Priti Sanga et al., 2014 

 intra-sectoral management that builds resilience 

and reduces vulnerability 

Andrew et al., 2007 

 mitigation measures (require cooperation among 

all stakeholders) and management practices 

Karmakar et al., 2018 

 integrated management in order to acknowledge 

all interests involved 

Groll, et al., 2016 

8. Monitoring  long-term monitoring Paukert et al., 2016 

 adaptive monitoring Fussell et al., 2016 

 improving monitoring and information systems Uppanunchai et al., 2015 

 improvements in both ecological monitoring and 

modeling 

Meyer et al., 1999 

9. Others  ecological and human responses to climate change Strayer et al., 2010 

 stock-specific responses Martins et al., 2011 

 encourage rational and deliberate planning of 

engineering responses to climate change 

Strayer et al., 2010 

 physiological approaches Reist et al. 2006 

 empirical approaches Reist et al. 2006 

 distributional approaches Reist et al. 2006 

 integration of local knowledge Sam Ath et al. 2013 

 reducing fishing mortality Brander, 2007 

 distinct management approaches Condie et al., 2012 

 intervention options Béné & Friend, 2009; Morrongiello et al., 2011 

 

Source: Author’s Construct (July 2018) 

 

These responses aim at ensuring successful management of inland fisheries 

under a changing climate. In the sections that follow, the responses are discussed with 

a view to incorporating climate change into inland fisheries management.  
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3.8.1 Conservation  

Fisheries conservation is regarded as a very important part of inland fisheries 

management because the loss of freshwater fish biodiversity is a pressing issue 

exacerbated by climate change. In many countries, there is established legislation to 

conserve freshwater stocks.  For example, acts such as the Water Framework Directive 

in Europe and the National Water Act in South Africa address ecological integrity or 

quality, aiming to use integrative methods to define ecological quality by incorporating 

abiotic and biotic components that make ecological status assessment possible (Borja 

et al., 2008). A number of specific species issues are also addressed by fish stocks 

conservation legislation. For example, the USA Endangered Species Act was adopted 

to protect endangered and threatened species (Angermeier & Williams, 1994).  Even 

though many countries have taken actions and set up institutions to protect fisheries 

biodiversity, the concept of fisheries biodiversity conservation has only recently gained 

global consensus (Crivelli, 2002; Kirchhofer, 2002). Climate change’s role in 

threatening freshwater biodiversity has been identified and it is likely to strongly affect 

freshwater biodiversity in the future (Heino et al., 2009, Poff et al., 2009), but human 

responses to climate change, including fish conservation, could give rise to larger 

negative effects (Strayer & Dudgeon, 2010). There are additional problems arising in 

fisheries conservation efforts, such as a lack of public awareness, insufficient baseline 

information, and failure to connect fisheries conservation to other management options 

(Cowx & Collares‐Pereira, 2004). Moreover, many institutions do not have enough 

resources to enforce legislation and carry out sound conservation plans. Generally, 
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traditional conservation measures and management practices can help sustain the 

fisheries, but in many cases, they may be insufficient (Hollowed et al., 2013).  

3.8.2 Water management 

 

Inland freshwater ecosystems are being altered by a multitude of factors 

including changing climate, pollution, and invasive species (Carpenter et al., 2011) 

which are conversely affecting fisheries, making it more difficult for managers to reflect 

on past experience and forecast future capability (Paukert et al., 2016). Water 

abstraction and pollution are great pressures for the inland fisheries sector and need 

human responses. These new challenges highlighted by climate change call for more 

effective management strategies and innovative actions to better regulate inland 

fisheries sector and to ensure resources are more sustainable. Many articles recommend 

integrated water management approaches including employing mitigation technologies 

and building their cost into investment plans for water management infrastructure 

(Brummett et al., 2013; Vass et al., 2009; Groll et al., 2016). Such steps would improve 

the cost-benefit ratio and the fisheries valuation. Xenopoulos et al. (Xenopoulos et al., 

2005) even suggest reducing water consumption to prevent inland fishes from 

extinction. However, because some current policies unfortunately generally tackle 

water management for purposes of irrigation, flooding, and other uses with less 

consideration on fisheries sustainability (Agnew et al., 2009), inland fisheries will still 

continue to compete with industrial, agricultural and other sectors for freshwater 

resources. Combined with climate change’s influence, those stressors require integrated 

water resources management to manage fisheries better (Das et al., 2013; Hughes & 

Morley, 2000).  
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3.8.3 Proactive approaches 

 

At a time when overexploitation of significant fish stocks, major economic loss, 

and international management conflicts increase, unreported and unregulated problems, 

and unsustainable fishing practices continue to occur. This added complication of 

climate change impacts is of great concern to inland fisheries management. 

Precautionary measures have been proposed (FAO, 1996; FAO, 1997) to solve the 

threatening fisheries issues and achieve long-term sustainable fisheries around the 

world. The precautionary approach for fisheries management aims to ‘achieve the long-

term sustainable use of fisheries resources by actively seeking ways to optimise the 

benefits derived from resources available’ (Cochrane, 2002, p231). In the climate 

literature, an action to overcome climate change can either be adaptation or mitigation. 

Mitigation is a proactive approach because it turns to work to prevent the phenomena. 

However, adaptation is largely reactive though it can be used proactively at certain 

times (IPCC, 2007).  The precautionary approach acknowledges that changes in aquatic 

systems are difficult to reverse in a short period and are susceptible to variations in 

environmental and social values (FAO, 1996). Hence, there is the need to avoid 

activities when there is not full knowledge of their impacts on climate.  This baseline 

thought of the precautionary approach makes it proactive in preventing climate change. 

Although difficult, preparing beforehand to prevent further loss of inland fisheries is 

also very important and precautionary management can be instrumental in successfully 

managing inland fisheries and aquaculture (Cochrane et al., 2009). A precautionary 

approach can also be used for managing water resources (Hughes & Morley, 2000) to 

keep a balance between protecting aquatic ecosystems and economic prosperity. 
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3.8.4 Modelling 

 

Compared with global changes, regional climate changes are more difficult to 

predict because small fluctuations patterns of climate may cause long-term and deeper 

consequences for some regions (Mooij et al., 2005). A number of works propose that 

models should be more accurately established and validated, especially in watersheds 

for regional and national fisheries management (Meyer et al., 1999; Elliott et al., 2010). 

Temperature forecast models or climate change scenarios for fisheries management are 

essential because of the important role of temperature as a result of climate change and 

its influence on fish habitats (Graaves & Maule, 2014; Hague & Patterson, 2014). 

Generally, inland fisheries and aquaculture are more easily influenced by thermal 

regimes which can be modified by climate change (Karmakar et al., 2018). 

Development of models should also be based on scientific information and data from 

comprehensive sources (Koehn et al., 2011), including various factors of current 

Drivers and Pressures to make policy decision-making more effective. Evaluations for 

model performance under different conditions and management goals should also be 

emphasized (Hague & Patterson, 2014).   

3.8.5 Adaptation and resilience 

 

 Adaptive options in inland fisheries management ranked highest in all the 

articles reviewed, because the impacts of climate change are globally distributed. 

Consequently, diverse problems exist and need to be solved. The management of 

fisheries will be difficult to address due to the trajectory of climate change, so 

adaptation is a necessity if the resource is to be successfully managed under a changing 

climate (Paukert et al., 2016). Because resilience and adaptability are often considered 
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jointly together in most of the literature dealing with fisheries management, this thesis 

will briefly discuss them. The influences of climate change on water availability and 

interactions among ecological, social and economic aspects are hard to project (De 

Silva & Soto, 2009; Daw, Adger, Brown & Badjeck, 2009). The adaptive capacity of 

relevant individuals, aquatic ecosystems, and their sensitivity to changes is important 

for coping with vulnerability. Developing countries are particularly inclined to suffer 

most from climate change’s negative impacts because fisheries are a very important 

economic and climate-sensitive sector (IPCC, 2001b). Marginalized people or poorer 

countries are likely to be more vulnerable and get less benefits from climatic impacts 

compared to others, because of insufficiency of measures taken (Harrold et al., 2002). 

Therefore, capacity building is essential in many circumstances. For example, 

promoting general education and targeting initiatives beyond the fisheries sector to raise 

the awareness of climate change impacts on inland fisheries is one way to build stronger 

capacity (Cochrane, De Young, Soto & Bahri, 2009). The negative impacts of climate 

change influence the adaptive capacities, increasing vulnerability and reducing 

resilience for these changes.   

Adaptive strategies in biological terms need to be robust. Unpredictable 

situations often occur and preparation for extreme conditions and surprises are needed 

(Wilby et al., 2010). Adaptive measures in inland fisheries management during the past 

few years include watershed protection to prevent and reduce nutrients entering to 

rivers and lakes, resulting in minimizing dissolved oxygen levels (Franklin, 2014). New 

harvest regulations have also been enacted to ensure the diversity of populations 

(Hansen et al., 2015), and to manage resilience actions (Paukert et al., 2016). 
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Fisheries enhancements have also been widely used in inland fisheries and 

coastal fisheries management regimes to restore or enhance fisheries in natural 

ecosystems. Measures like construction of brush parks for fish aggregation or 

translocations of juveniles, have existed for centuries (Welcomme, 2002). Fisheries 

enhancements management practices are still expanding due to rapid development of 

aquaculture technologies (Lorenzen, 2014). Enhancement approaches are useful in 

assisted migration of freshwater species in climate change adaptation (Rahel et al., 

2008). In some instances, for example in Zambia co-management has also been 

introduced for human-fisheries conflict mitigation (Ndhlovu et al., 2017). Another 

strategy employed as an adaptive feature is using an ecosystem approach to fisheries in 

inland fisheries management, which is a holistic approach aiming to balance a variety 

of goals (FAO, 2003). It represents a transition from a conventional fragmented 

decision-making process to an integrated approach for natural resources management 

dealing with various ecological and human sustainable dimensions in resources 

planning and policymaking process. An ecosystem approach is needed and beneficial 

because climate change is often intertwined with other threats and the effects are 

comprehensive and complex (Poesch et al., 2016; Lynch et al., 2016; Karmakar et al., 

2018).  

3.8.6 Partnership building 

 

Fisheries management strategies often involve various stakeholders at different 

spatial scales and their involvement is often integrated with various other approaches. 

Dealing with different stakeholders to get the policy well placed and mediating their 

contradictions and even getting them to collaborate with each other is not an easy task. 
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For example, challenges often appear in implementing policies such as land use and 

long-term monitoring processes for resilient systems (Paukert et al., 2016). 

Climatic induced global impacts occur at a large scale, therefore, there is a need for 

new partnerships and cooperation among government, fisheries, NGOs and other 

community-based organizations or international-level stakeholders. The complex 

interactions among stressors need to be better understood taking into account scale and 

complex interactions. This requires strong co-operative governance to improve 

management practices involving both national and local stakeholders (Van der Zaag, 

2005). It is very important that ecosystem-based approaches, integrated assessment and 

management approaches be incorporated in the management procedures (Lynch, 

Varela-Acevedo & Taylor., 2015; Groll et al., 2016; Karmakar et al., 2018). Integrating 

different stakeholders can also be a challenge and will be explained in detail in a later 

section (see Section 3.11).  

3.8.7 Monitoring 

 

Since there are many uncertainties associated with climate change impact, 

monitoring is essential to keep track of climate change effects in freshwater ecosystems 

(Jimenez Cisneros et al., 2014). Fishery managers depend largely on monitoring 

programs for both spatial and temporal differences. Metrics are needed to assess the 

status of fisheries, fish populations and angler satisfaction (Paukert et al., 2016). Pre-

and post-monitoring are useful for managers to understand the actual results of specific 

decisions made (Lempert et al., 2013). But, in reality, long-time monitoring is 

challenging for fisheries management because it is usually difficult to maintain funding 
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support for extended periods. Moreover, political change and disturbance can place 

funding in jeopardy. 

3.8.8 Other responses 

 

There are also other responses in the reviewed articles, which make great 

contributions to inland fisheries management. These provide inland fisheries managers 

and decision makers with valuable examples of how to better deal with the fisheries 

sector. For example, fish stock-specific management (Martins et al., 2011), distinct 

fisheries management (Martins et al., 2011), integration of local knowledge and 

political intervention options (Morrogongiello et al., 2011; Béné & Friend, 2009) are 

all useful in promoting the sustainability of inland fisheries. 

While the latter practices are beyond the scope of this thesis, it should be noted 

that these approaches can be employed alone or combined to address challenges in 

inland fisheries management. For example, adaptive management is very flexible and 

can be applied in different contexts and situations along with ecosystem-based 

approaches (Poesch et al., 2016; Lynch et al., 2016) or resilience management tactics 

(Paukert et al., 2016). Human induced climate change implies substantial risks for 

inland fish and other biota. Reducing these risks involves responses to climate change, 

such as mitigation and adaptation.  

In the climate change context, mitigation means limiting global climate change 

by reducing greenhouse gas emissions or enhancing the efficiency of major carbon 

sinks such as forests or oceans. In contrast, adaptation means actions targeted at the 

vulnerable system with the objective of moderating harm from climate change 

(McCarthy et al., 2001). Mitigation and adaptation measures for responses to current 
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fisheries problems are necessary and need to be done effectively to prevent further loss 

of aquatic ecosystem and fisheries resources. 

3.9 Uncertainty  

Unpredictable risks and considerable uncertainty are also involved in climate 

change impacts (IPCC, 2014). Therefore, it is hard to evaluate climate change impacts 

on ecosystem services over a longer time period and with high risk and uncertainty 

(IPCC, 2014). It is generally accepted that prediction of climate change impacts on 

freshwater ecosystems is full of uncertainties and requires more research. However, 

current research appears to deal lightly with uncertainties and the role it plays on 

management of inland fisheries. Indeed, how experts should best characterize such 

uncertainties for decision-makers remains as an important debate (Lempert, 

Nakicenovic, Sarewitz & Schlesinger, 2004). More than half of the articles reviewed 

do not refer to uncertainties or the ways to deal with possible uncertainties. Quantifying 

value and risk is mentioned only once from selected articles (Hughes et al., 2000), 

which shows that there is not enough attention given to this problem faced by fisheries 

managers. 

The management of fisheries is becoming more complex because it is 

underpinned with various drivers and requires an integrated framework to investigate 

the complicated dynamics of factors that impact on it. Despite the long-time knowledge 

of fisheries management, and appropriate policy responses, uncertainty regarding 

climate change makes its incorporation into policy a daunting task (Paukert et al., 2016; 

Hansen et al., 2015). One notable manifestation of uncertainties in fisheries 

management is predicting impacts from both climatic and non-climatic factors 
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(Cochrane et al., 2009).  Inland aquatic ecosystems may be affected mostly due to 

climate change (Barange & Perry 2009; Bates et al., 2008), which is also one of the 

uncertain factors that are influencing fish populations and their response to management 

(Hansen et al., 2015). Variability of environmental conditions such as temperature, river 

runoff and precipitation might be caused by climate change (Kundezewicz et al., 2008), 

and will impact ecosystems, societies, economics, food securities, livelihoods as well 

as fisheries (Allison et al., 2009; FAO, 2010). The extent to which climate change 

impacts particular fisheries relies largely on the adaptive capacity of an ecosystem 

(Suuronen & Bartley, 2014). Both negative and positive effects of climate change on 

inland fisheries vary widely from location to location, causing further uncertainties to 

its effects.   

Despite increased attempts to address hydrological processes and pathways, 

there is a paucity of information on which to base current models and decision-making. 

More investigation about hydrological regimes and weather pattern changes due to 

climate change is needed, such as further study and attempts to gain consensus globally 

(Ficke et al., 2007), which increases the uncertain factors of climate change and reduces 

other possibilities of opportunities and challenges. It is important to ensure robust 

strategies and scientific knowledge to support the health of freshwaters which  underpin 

inland fisheries management. Additionally, fish managers should take uncertainty into 

consideration when employing various management approaches (Hague & Patterson, 

2014; Paukert et al., 2017). That is, uncertainties should be incorporated into the 

management scope to ensure managers prepare the unexpected situations ahead, most 

notably, future climate change scenarios.  



 

62 

 

3.10 Policy gap analysis  

 

Climate change impacts bring threats and challenges as well as potential 

opportunities for social and economic aspects of fisheries; its impacts and 

vulnerabilities have been figured out so far mainly on the basis of scientific knowledge 

such as models and specific location-based case studies (Arnell, 2004; Smit & 

Pilifosova, 2001). Inland fisheries policy makers and managers have succeeded in 

highlighting many challenges and stressors in management regulations such as 

exploitation restrictions, stock enhancement, and invasive species control and so on 

(Arlinghaus et al., 2016). New challenges and opportunities are emerging even though 

some of the problems are alleviated by human interventions. 

Clearly, there is a huge gap between the current response systems and the 

climate change challenges in inland fisheries. About 24% of the articles do not propose 

any responses or recommendations to the status of inland fisheries sector. Charismatic 

species and habitats’ conservation have been emphasized and therefore given more 

attention by the governments, mostly because fish resources have significant monetary 

value and fisheries policy makers always want to achieve the maximum benefits. Many 

articles also point out the need for responses and recommend some approaches for 

better management of inland fisheries as have been summarized above. Assessment and 

management have been described as inadequate or absent (Andrew et al., 2007) and 

this has the potential to worsen in the near future to further inhibit social change. The 

limited scientific research information for policy planners continue to limit the 

understanding of potential impacts of climate change. More management options need 

to be explored and climate change impacts need to be incorporated into policy 

discussions and guidelines to help protect inland fisheries resources.  
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3.11 Challenges for inland fisheries management 

 

Drivers and pressures vary and are associated with different contexts thus 

posing additional challenges to the management process. People, ecosystems and 

diversity are intertwined and the provision of ecosystem services including fisheries 

may be interacting with many environmental change drivers and could be faced with 

more challenges in the future.  

One key challenge to managers and decision-makers tasked with sustaining 

inland fisheries is the multifarious nature of environmental change. Indeed, it is often 

the case that no single source of stress can explain environmental variation observed in 

the field. For this reason, increased attention has been given to multiple stressors 

(Ormerod et al., 2010). Multiple stressors that threaten freshwater ecosystems result in 

additive, antagonistic, or synergistic responses. Ormerod et al. (2010) argue that 

freshwaters appear to be at particular risk of multiple-stressor effects, perhaps because 

multiple uses of water and the protection of freshwater environments often conflict. As 

well, Hecky et al. (2010) notes that multiple-stressor effects may develop through 

nonlinear or delayed interactions in systems, thereby casting doubt on many studies that 

offer simple linear or direct relationships. Human activities such as economic 

development and legal institutions continue to deeply influence nature (De Chazal & 

Rounsevell, 2009; Luck et al., 2009; Hassan, 2005), which can lead to environmental 

changes to a large extent and cause changes in ecosystem services. The human 

responses to climate change may create new unpredictable challenges together with 

climate change itself, which need new adaptive systems (Hunt et al., 2016). For 
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example, the use of a new technology like trawling, which was meant to make fishing 

effective, ended up making fisheries unsustainable.  

There are other challenges fisheries policy makers need to consider: the lack of 

long-term monitoring or funding source is a major problem in some countries. And also, 

information or data sometimes are not sufficient or is manipulated. For example, in 

some cases, data are limited and not available such as in South American and Asian 

countries. Failure to communicate effectively among different stakeholders can also be 

challenging in achieving sustainable goals for inland fisheries management. The 

dialogue among scientists, local people’s knowledge and policy makers should be 

enhanced to achieve the sustainable goals for management (Hallwass et al., 2013). 

Government and other institutions or groups from different cultures use distinct 

languages for communication pertaining to certain issues. Moreover, their value 

systems are also very different. For example, people’s perceptions about things can be 

influenced by local cultures or traditions and political ideas or biases (Maurstad et al., 

2007). Béné et al. (Béné et al., 2016)’s evaluation reveals that evidence-based research 

and policy narratives are often disconnected, with some of the strongest and long-

lasting policy narratives lacking any strong and rigorous evidence-based validation. 

Fisheries management sometimes is not in line with the scientific information, yet, 

policy makers have to make decisions without enough information or before they get 

scientific results (Axelrod, 2011). It is also important to note that decision making 

involves not only scientific knowledge but also knowledge of the social and economic 

context (interest or benefits incentives or immediate interests in most of cases) as well 

as political dynamics (Lynch, Varela-Acevedo & Taylor, 2015). The science-policy 

gap/tension needs more attention when making policy actions and identifying 
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challenges. Another challenge to address is the stakeholders’ attitudes towards 

uncertainty. Admitting uncertainty may cause discomfort among stakeholders in 

fisheries management because it could undermine projections and forecast, especially 

when dealing with actors with divergent views and interests (Walters, 2007). They all 

show that stronger interface between government, the public and other stakeholders 

will be very beneficial for fisheries managers to make efficient and effective decisions.
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Chapter 4  

4.1 Conclusion 

 

This thesis has discussed the impact of climate change on inland fisheries, and 

how the phenomenon of climate change might be incorporated into management 

decisions. It has become clear that climate change impacts on freshwater ecosystems 

will complicate future freshwater management regimes with consequences for the 

fisheries sector. It is also evident that climate change does not act in isolation. Multiple 

drivers, including climate change and other stressors with complex interactions 

influence the status of freshwater fisheries and their concomitant natural ecosystems. 

That is, inland fisheries management is challenged by multiple threats and pressures, 

notably climate change, non-native species introduction, water pollution, dam 

construction, and habitat degradation. The measures taken by governments are not as 

effective as expected; there are still many issues facing the sector and some are expected 

to worsen. Exploitation regulation, stock enhancement activities and designation of 

nature reserves are all examples of measures taken as current precautionary actions. 

Unfortunately, these measures have often led to disappointment and the results cannot 

meet the goal of sustainable fishing. 

Reducing climate change impacts on inland fisheries is a major task in inland 

fisheries management. Mitigation and adaptive measures should be improved and 

implemented effectively. Effective inland fisheries and aquaculture management can 

alleviate climate change’s impacts and provide good solutions for food security 

enhancement for poor and marginalized people and social-economic development in 
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general (Das & Sharma, 2010). Methods to improve aquatic ecosystem resilience, to 

reduce GHG emissions in inland fisheries sectors, and to make good use of 

opportunities to deal with potential threats of food security and livelihood should be 

incorporated into inland fisheries management decisions under climate change 

scenarios. 

4.2 Research limitations 

 

Only articles in English language were included in the systematic review. There 

are many other articles from non-English speaking countries, but these were excluded 

and may have biased the results. There were around 20 articles which offered valuable 

information about inland fisheries and aquaculture management, but they were 

excluded because they targeted review articles. Their inclusion could have led to 

duplication since most of them might have derived their findings from the same articles 

used in this thesis. Also, the scope of the review was limited, one that was suitable to a 

timeframe and an effort suitable for a master’s level enquiry. However, the support of 

friends who made inputs and gave feedback to the review process helped minimize the 

effects of the “one-person effect”.   

4.3 Future directions 

Climate change and its associated effects are among the most important threats 

to the fisheries sector. These threats could worsen in the future. This thesis reveals that 

substantial strides are being made in developing resilient systems. Continued adaptation 

and decision making based on long-term monitoring will help advance knowledge on 

the effects of climate change on fish and fisheries, aquatic communities, and the users 
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of these resources.  Assessment about how climate change affects inland fisheries and 

aquaculture should be regarded as a focus to guide decision making; assessment studies 

are very important because of the limitation of current available data and research effort. 

Specific species’ reactions to climatic impacts also need to be further researched and 

linked to the policy-making process to reduce risks. The livelihood approach to assess 

impacts of climate change to reduce poverty in particular in SSF can also provide a way 

to improve the vulnerable livelihoods for fishers or local communities (Daw, Adger, 

Brown & Badjeck, 2009) plus the existing fisheries assessment methods. It is 

recommended that managers should consider using evidence-based decision making 

and develop more accurate predictive models and long-term monitoring programs 

beyond traditional boundaries in inland fisheries management.  
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