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Abstract 

Global climate change increasingly threatens fish production units and ecosystems, 

creating an uncertain future for both wild fish diversity and global fisheries. 

Understanding how fish growth responds to changing environments is essential for 

indicating and predicting the impacts of climate change on fish populations, communities 

and even aquatic ecosystems. This study aimed to review the state of current research by 

analyzing data on the environment, producing units, species and response patterns from 

35 papers published in the ScienceDirect and Scopus database; 20 of them are analyzed 

under the approach of the characteristics of the Fishing Units, and the remaining 15 were 

analyzed according to factors of global change. The findings determine that coastal 

communities engaged in artisanal marine fisheries have been studied primarily, and fish 

from freshwater ecosystems were relatively less studied than their marine counterparts. 

Global change effects were shown mainly influenced by the temperature variable 

reflected in inadequate fish growth (physiology and health) with negative effects both 

globally and locally.  

 

Keywords: global change, climate change, mitigation, fishing units, fish production. 

 

INTRODUCTION  

The physical environment, the non-living part of the world, lays the foundation for all 

living things. (Fé-Gonçalves et al., 2020). An important factor of the physical 

environment is climate, which ultimately determines water availability and thermal 

conditions. (Van et al., 2020). These two factors interact to determine how an astonishing 

variety of organisms are distributed in different parts of the world. (Mabe & Asase, 2020). 

Due to anthropogenic activities, climate changes and their impacts are felt worldwide; 

Changes such as global warming, the greenhouse effect, sea level rise, melting glaciers, 

warming oceans, migration of aquatic organisms, prolonged winter and summer, as well 

as habitat deterioration, pose a major threat to the aquatic ecosystem. (Ninawe et al., 

 
1  Instituto de Investigación, Innovación y Desarrollo para el Sector Agrario y Agroindustrial de la Región Amazonas 

(IIDAA), Universidad Nacional Toribio Rodríguez de Mendoza de Amazonas. Chachapoyas 01001, Perú. E-mail: 
roberto.mori@untrm.edu.pe ORCID: https://orcid.org/0000-0003-2203-0465  

2  Universidad Nacional Intercultural Fabiola Salazar Leguía de Bagua. Bagua 01721, Perú. E-mail: 

gayay@unibagua.edu.pe ORCID: https://orcid.org/0000-0002-5716-7376  
3  Facultad de Ingeniería y Ciencias Agrarias, Universidad Nacional Toribio Rodríguez de Mendoza de Amazonas, 

Chachapoyas 01001, Perú. E-mail: armstrong.fernandez@untrm.edu.pe ORCID: https://orcid.org/0000-0001-9476-1078  
4  Universidad Nacional Intercultural Fabiola Salazar Leguía de Bagua. Bagua 01721, Perú. E-mail: 

evillanueva@unibagua.edu.pe  ORCID: https://orcid.org/0000-0002-9844-3509  
5  Universidad Nacional de Jaén, Jaén 06801, Perú. E-mail: nodeltu1961@gmail.com ORCID: https://orcid.org/0000-0002-

0248-3339  
6  Universidad Nacional Intercultural Fabiola Salazar Leguía de Bagua. Bagua 01721, Perú. E-mail: 

spercuja82@gmail.com ORCID: https://orcid.org/0000-0003-3489-8720  



Roberto Carlos Mori Zabarburú et al. 1198 

 
Migration Letters 

 

2017). Both marine and freshwater aquatic ecosystems, including the organisms that 

inhabit them, are recognized as even more sensitive and vulnerable to climate change 

than their terrestrial counterparts. (Knouft & Ficklin, 2017). Projected extinction rates of 

aquatic biodiversity are generally higher than those of terrestrial biodiversity under both 

recent and future climate change scenarios, high vulnerability to environmental changes 

induced by climate warming results in an uncertain future for both wild fish diversity and 

global fisheries (Xenopoulos et al., 2005). 

Global climate change is the phenomenon where other climatic factors change; The 

oceans and seas are mainly affected by the process of change caused by global warming, 

as they constitute a large part of our planet and have a rich biodiversity. (Ninawe et al., 

2017). Water temperature occupies the first place in the list of the most determining 

factors, as it is essential for the reproduction of fish species and the formation of an ideal 

living environment. (Haugen et al., 2021). However, water temperature is one of the most 

important environmental factors affecting fish growth and survival. (Topal et al., 2021). 

Changes in physiological factors in fish have been demonstrated as a result of climate 

change (Das et al., 2020). For example Ninawe et al. (2017), mentions that in the pre-

adolescent stages called larva and juvenile, fish are quite susceptible to changes in water 

temperature; a fish population can tolerate temperature changes in the area where it is 

distributed in a certain time interval, if these changes are within a certain temperature 

limit and are slow, they usually provoke the migration of fish; Temperature takes 

important physiological phenomena as well as feeding, respiration, osmoregulation, 

growth and reproduction under control. If individuals in the population cannot adjust 

themselves according to sudden and strong changes in temperature, one or some of their 

metabolic activities may deteriorate and mass deaths may occur. (Campos et al., 2019).  

Fish growth is an integral consequence of synergistic interactions between gene-

determined growth potential and environmental conditions and is fundamentally 

important for successful recruitment; Alterations in growth are the most direct, immediate 

and common way for fish to respond to climate change (Rountrey et al., 2014). For 

example, the increase in the somatic growth rate of fish is directly due to temperature 

variation, including that of water and air induced by climate change. (Gamperl et al., 

2020). Alterations in fish growth are likely to have predictable and long-lasting influences 

on population characteristics (e.g., age size structure, egg size, reproduction phenology), 

dynamics (e.g., hibernation mortality), and recruitment. (Carozza et al., 2019), and could 

then be transferred to higher levels of organization by connecting ecological processes 

(e.g., relationships between species and food webs) (Pilière et al., 2014).  

Therefore, understanding how fish growth responds to changing environments is an 

essential and efficient step in predicting the impacts of climate change on populations, 

communities and even ecosystems. (Tao et al., 2018). Growth responses to climate 

change have been observed in marine and freshwater fish in a wide range of ecosystem 

types and climatic zones (Stefani et al., 2020). However, there are many findings and 

conclusions that disagree, including on fish growth responses to climate change across 

species and areas. (Nyboer et al., 2019). For example, temperatures were found to be the 

key factor driving variations in fish growth in most cases, however the relationship can be 

positive or negative (reflected in fish physiology and health), which could be attributed to 

species, climatic zones and ecosystem types; There was also no clear relationship 

between fish growth and environmental variables. (Huang et al., 2021). 

On the other hand, the growing scientific evidence of global climate change and its 

expected impacts on the world's fisheries and fisheries livelihoods raises concerns. 

(Dzoga et al., 2018), on the resilience and ultimate well-being of such resource-dependent 

communities (Himes-Cornell & Kasperski, 2015). Rising sea surface temperature, 

acidification and deoxygenation are projected to affect marine fish production and species 

distribution, affecting maximum catch and income potential. (Badjeck et al., 2010). There 
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is growing concern about the consequences of global warming for the food security and 

livelihoods of the world's 36 million fishers and the nearly 1.5 billion consumers who 

depend on fish for more than 20% of animal protein from their diet. (Andres et al., 2019).  

A deeper understanding of how societies respond to multiple stressors (climate and non-

climate) is critical to the success of adaptation efforts in vulnerable sectors, such as 

fisheries. (Teh et al., 2019). These stressors refer to environmental and socioeconomic 

changes or events at the local, national or global level that make a system or group of 

people vulnerable. (O'Brien et al., 2009). Efforts to improve adaptive capacity often result 

in poor results, due to a poor understanding of the dynamics of the unique socio-

economic factors that shape their vulnerability. (Koomson et al., 2020). 

Currently, developing economies are becoming sources of global economic growth, but 

also of the emissions associated with the more intensive use of natural resources to drive 

their conventional economic growth patterns (OECD) (Hynes & Wang, 2012). The OECD 

added that by 2030 developing economies will have increased the economic benefits of 

the sustainable use and management of fisheries and aquaculture, in which sustainability 

indicators (SI) will be the backbone of monitoring progress towards the Sustainable 

Development Goals (SDGs) at local, national and global levels. In the search for the 

eradication of poverty in all its forms and dimensions, the United Nations resolution 

(2018) that speaks about the transformation of the world in 2030 has emphasized 17 

(seventeen) Sustainable Development Goals (SDGs), of which three have significant 

relevance in the fisheries sector namely: Goal 1 (Eradicate poverty); Goal 2 (Zero hunger) 

and Goal 12 (Sustainable consumption and production); Therefore, taking into account 

the potential of the aquaculture - fisheries sector, it is possible to achieve the above 

objectives that will undoubtedly positively impact the health, happiness, prosperity and 

well-being of all citizens of a country. (Duarah & Mall, 2020).  

According to the above, it is necessary to fully understand the concept of sustainability, 

understood as the balance that exists between a community and its environment to meet 

its needs. (Estrella & González, 2014). In this context, there are three scientific thoughts 

on the development of sustainability models related to fishing activity. 1) Analytical or 

traditional model, based on the natural sciences and focuses on analyzing phenomena 

from cause – state – effect and response; 2) Systemic model, which proposes a holistic 

vision between ecology – politics and economics. This analysis includes measurements 

such as the ecological footprint, global environmental impact indices, intensity of use of 

materials, among others; and finally we have the 3) Normative model, which has a 

multidimensional vision between the social-economic and environmental, integrating the 

indicators of cause-state-effect-response with the ecology-political-economic or systemic 

model. (Barrezueta, 2015). 

Therefore, it is of utmost importance to have a comprehensive, comprehensive overview 

of existing research to have a further illustration on fish growth responses to different 

environmental environments associated with climate change. The present study aimed to 

analyze the impact of global change on fish production through literature analysis from 

the ScienceDirect and Scopus database to obtain the characteristics of fishing units in 

relation to global change and relationships between fish growth and environmental 

variables. The results of this study help to interpret in a more adequate way the effects of 

global change on fishing units, as well as on fish growth and increase knowledge related 

to the research topic.   

 

MATERIAL AND METHODS 

Data were obtained from ScienceDirect and Scopus, based on titles, abstracts and 

keywords, which were searched according to the following sentences: ((global change 

AND fish production) (climate change AND fish production) (climate change AND fish 
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growth) (impact of climate AND fish) (fish production AND climate adaptation)). A total 

of 35 records were extracted. The time period of this investigation covered the months of 

April and August 2021. We used only records containing at least one search phrase 

mentioned above. 

To obtain a deep understanding of the characteristics of fishing units in relation to global 

change, the information of each reviewed article was analyzed: (1) author(s) of the 

scientific article, (2) geographical context, (3) indicators worked, (4) segment to which 

the research belongs (fishing or aquaculture), (5) type of activity developed, (6) scale of 

production of each productive unit,  (7) sustainability dimensions analyzed and (8) the 

most important results found. 

Finally, in the case of findings related to the impacts of climate change on fish growth, 

the following information was extracted from each of the articles: (1) author(s) of the 

scientific article, (2) geographical context, (3) the variables that have been evaluated, (4) 

the quantity and/or type of species analyzed,  (5) segment of fish investigated (fishing or 

aquaculture), (6) type of production (river/natural, fish farms, marine fishery) and finally 

the main results found in each study (7). 

 

RESULTS AND DISCUSSION 

1. Results  

1.1. Characteristics of the production units: 

Table 1 shows different parameters selected from the 20 investigations analyzed in this 

study, which are related to the evaluation of the characteristics of fishing units in 

correlation to global change.  

Regarding the geographical context, a frequency of 14 countries has been identified, 

among which 12 investigations are from Asia, 04 from America, 03 from Africa and 01 

from Europe (Figure 1). The Asian continent leads in research, as well as in productive 

fishing activities for self-consumption.  

Figure 1 Distribution of investigations by fishing units. 
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In relation to the indicators worked, it can be determined that they are oriented to: the 

variables generated by global change, physiological behavior of the fish and the type of 

activity they develop. 

While it is true that the fishing activity is very broad, the segment to which the evaluation 

has been made is defined mainly in the term of fishing (90%), this because the areas 

under study have natural bodies of water, there are populations of native fish and it is also 

because it is an ancestral activity that has been inherited from generation to generation,  

displacing aquaculture (10%), since this activity requires greater technical knowledge, 

greater investment and adequate infrastructure. It is necessary to mention that within the 

fishing component, 03 segments can be identified: artisanal, small and medium. Artisanal 

fishing is mainly subsistence, while small fisheries are given for subsistence and small-

scale sale, and medium fishing is mainly for sale. With regard to the type of activity, 

marine fishing occupies 80% unlike inland fishing (10%) and farms (10%). 

Table 1 Description of the characteristics of the fishing units. 

Author

(s) and 

year 

Geograp

hical 

context 

Indicators 

worked on 
Segment 

Type of 

activity 

Production 

scale 

Dimensions 

covered 

Gianell

i et al. 

(2021) 

South 

Atlantic 

Ocean 

(Brazil – 

Uruguay

) 

• Ocean 

warming and 

changes in wind 

patterns. 

• Mass 

mortalities and 

adaptive actions. 

• Fishi

ng 

• M

arine 

fishery 

• Hand

crafted 

• Environ

mental. 

• Social 

Seung 

et al. 

(2021) 

South 

Korea 

Gyeong-

Nam 

Province 

• Regress

ion for anchovy 

supply function 

and economic 

impact. 

• Anchov

y capture and 

processing 

predictions. 

• Fishi

ng 

• M

arine 

fishery 

• Small • Econo

mic 

Das et 

al. 

(2020) 

India 

Parganas 

North 

and 

South 

District 

• Change 

in temperature. 

• Fishing 

productivity. 

• Fishing 

model. 

• Fishi

ng 

• M

arine 

fishery 

• Small • Econo

mic 

• Social 

• Environ

mental 

Duarah 

& 

Mall, 

(2020) 

India 

Cachar 

District 

of 

Assam. 

• Species 

diversification 

• Aqua

culture 

• F

arm 

• Small • Econo

mic 

Hoang 

et al. 

(2020) 

Vietnam 

Prov. of 

Thua 

Thien 

Hue. 

• Livelih

ood vulnerability 

index. 

• Fishi

ng 

• In

land 

fishery 

• Small • Econo

mic 

• Social 

• Environ

mental 
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Author

(s) and 

year 

Geograp

hical 

context 

Indicators 

worked on 
Segment 

Type of 

activity 

Production 

scale 

Dimensions 

covered 

Kooms

on et 

al. 

(2020) 

Ghana • Variabi

lity of 

temperature and 

local 

precipitation. 

• Impact 

of climate 

change. 

• Vulnera

bility of the 

home. 

• Fishi

ng 

• M

arine 

fishery 

• Small • Econo

mic. 

• Environ

mental. 

Silas et 

al. 

(2020) 

Tanzania • Percept

ions of artisanal 

fishing. 

• Fisher

men's perception 

of the decrease 

in catches. 

• Adapta

bility. 

• Fishi

ng 

• M

arine 

fishery 

• Small • Environ

mental. 

• Econo

mic. 

Hasan 

& 

Kumar 

(2019)) 

Banglade

sh 

Districts 

of: 

Kutubdia

, Koyra 

and 

Kalapara  

• Vulnera

bility index 

(exposure, 

sensitivity and 

adaptive 

capacity). 

• Fishi

ng 

• M

arine 

fishery 

• Small • Environ

mental 

• Econo

mic 

Lombo

y et al. 

(2019) 

Philippin

es 
• Econo

mic resilience. 

• Fishi

ng 

• M

arine 

fishery 

• Hand

crafted 

• Econo

mic 

• Environ

mental 

Seung 

& 

Ianelli 

(2019)) 

Alaska • Region

al economic 

effects. 

• Impacts 

of alternative 

policies. 

• Fishi

ng 

• M

arine 

fishery 

• Small • Econo

mic 

Teh et 

al. 

(2019) 

Cambodi

a 

Tonle 

Sap 

• Econo

mic Evaluation. 

 

• Fishi

ng 

• In

land 

fishery 

• Hand

crafted 

• Econo

mic 

• Environ

mental 

Dzoga 

et al. 

(2018) 

Kenya 

Lower 

Tana 

• Ecologi

cal vulnerability. 

• Climate 

variability. 

• Fishi

ng 

• M

arine 

fishery 

• Hand

crafted 

• Econo

mic 

• Environ

mental 

Finkbe Pacific • Climate • Fishi • M • Hand • Econo
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Author

(s) and 

year 

Geograp

hical 

context 

Indicators 

worked on 
Segment 

Type of 

activity 

Production 

scale 

Dimensions 

covered 

iner et 

al. 

(2018) 

Islands change and 

human rights. 

• Respon

se to climate 

change. 

ng arine 

fishery 

crafted mic 

• Social 

• Environ

mental 

Lauria 

et al. 

(2018) 

Banglade

sh / India 

/ Ghana 

• socio-

economic 

context. 

• Employ

ment and 

gender. 

• Fishi

ng 

• M

arine 

fishery 

• Hand

crafted 

• Econo

mic 

• Social 

• Environ

mental 

Dasgu

pta et 

al. 

(2017) 

Banglade

sh 
• Current 

and future 

aquatic salinity. 

• Inciden

ce of poverty. 

• Fishi

ng 

• M

arine 

fishery 

• Medi

an 

• Econo

mic 

• Social 

• Environ

mental 

Shaffri

l et al. 

(2017) 

Malaysia • Strengt

hening of social 

relations. 

• Adaptat

ion to climate 

change. 

• Fishi

ng 

• M

arine 

fishery 

• Hand

crafted 

• Social 

Silveni

us et 

al. 

(2017) 

Finland • Climate 

impact. 

• Eutroph

ication. 

• Fishi

ng 

• M

arine 

fishery 

• Hand

crafted 

• Econo

mic 

• Environ

mental 

Ahmed 

& 

Diana 

(2015)) 

Banglade

sh 

Bagerhat 

District 

• Impacts 

of climate 

change on 

shrimp farming. 

• Aqua

culture 

• F

arm 

• Medi

an 

• Environ

mental. 

• Econo

mic 

Himes-

Cornell 

& 

Kasper

ski 

(2015)) 

Alaska • Biophy

sical effect of 

climate change. 

• Adapta

bility 

• Fishi

ng 

• M

arine 

fishery 

• Medi

an 

• Environ

mental 

Ahmed 

et al. 

(2013) 

Banglade

sh 
• Climate 

variables. 

• Climate 

variations. 

• Fishi

ng 

• M

arine 

fishery 

• Hand

crafted 

• Econo

mic 

• Social 

• Environ

mental 

Likewise, in the scale of production it is observed that the highest percentage is artisanal 

fishing (45%), followed by small (40%) and finally the medium with 15%, demonstrating 

in this way that artisanal fishing is the predominant worldwide, since it is a subsistence 

fishing.  On the other hand, the indicators evaluated in each study are related to the 

analysis and measurement of the impact of global change on fishing units.  
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Similarly, the indicators evaluated cover the social, economic and environmental 

dimensions, of which 01 belongs to the social aspect, 03 to the economic aspect and 01 to 

the environmental aspect. There are also related investigations between social-

environmental (01), economic-environmental (06), and social-economic-environmental 

(08). It is necessary to mention that the indicators have been evaluated with respect to a 

context of adaptation to climate change, general knowledge of the community, water use 

and the main economic activity of each unit evaluated. From what has been analyzed, it is 

shown that these variables are closely related. Following the same scheme, in the case of 

the dimensions of sustainability we find that the greatest weight is found in the analysis 

of the economic-environmental dimension (85%). 

Table 2 Description of the most important results of the characteristics of fishing units 

Author(s) and 

year 
Results 

  

Gianelli et al. 

(2021) 

The study provided strong evidence on regional climate change and the extent 

of ecological impacts stemming from an ocean warming hotspot. By using a 

mixed-method approach and spatio-temporal cross-scale analysis, we document 

long-term environmental changes. 

Seung et al. 

(2021) 

The results indicate that estimates of economic impacts for the two regions will 

be skewed if we consider only quantity change (harvest) when calculating 

economic impacts without taking into account the effects of price responses. 

Das et al. 

(2020) 

The study showed that net primary productivity in the Indian Bengal Delta and 

Mahanadi Delta was more influenced by temperature than nutrient loading. 

Duarah & 

Mall (2020)) 

The result of this research has proposed that a novel farming practice of small, 

high-value native species with negligible investment will improve the income of 

fish farmers. 

Hoang et al. 

(2020) 

This study indicates that livelihood strategies and food availability are the most 

critical factors in determining the vulnerability of livelihoods in the TG-CH 

lagoon. 

Koomson et 

al. (2020) 

The results show that the factors that contribute to shaping the vulnerability of 

fishing households differ depending on which household categorization is used. 

It demonstrates that an intersectional understanding of vulnerability to climate 

change is essential to improve the design, planning and implementation of 

adaptation projects. 

Silas et al. 

(2020) 

Records of long-term trends in fish landings showed a remarkable reduction of 

~50% in terms of catch per vessel and catch per fisherman from 1984 to 2016. 

Due to the general perception that nearshore areas have suffered a significant 

reduction in fish stocks, while offshore areas were still considered productive. 

Hasan & 

Kumar 

(2019)) 

Coastal communities are exposed to multiple stresses and environmental shocks 

that affect their ability to survive. These fishing communities are more 

vulnerable to cyclonic effects than floods. 

Lomboy et al. 

(2019) 

An economic resilience strategy was developed that builds resilience through 

enhanced domestic assets to reduce risks and vulnerabilities. 

Seung & 

Ianelli 

(2019)) 

More conservative policies work best from an economic impact perspective. 

Teh et al. 

(2019) 

We find that, at present, the highest net income was earned by those involved in 

fishing only; However, they are likely to experience an overall loss of net 

income in all future scenarios of socio-economic and environmental change. 

Dzoga et al. The ecosystem of Ungwana Bay and the Lower Tana Delta experiences high 
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Author(s) and 

year 
Results 

(2018) exposure to climate variability and increased anthropogenic pressure on fishery 

resources. 

Finkbeiner et 

al. (2018) 

Pacific island fishing communities are critically vulnerable to the effects of 

climate change. 

Lauria et al. 

(2018) 

The analysis provided in this paper highlights the importance of implementing 

fisheries management plans at the regional level. 

Dasgupta et 

al. (2017) 

Water salinization can have a particularly negative impact on poor households 

in the region. Estimates indicate that areas with poor populations losing species 

are about six times more prevalent than areas gaining species. 

Shaffril et al. 

(2017) 

Climate change has been consistently shown to reduce fishers' productivity, 

endanger their lives, damage their physical infrastructure, expose them to health 

problems and diminish their food supply. 

Silvenius et 

al. (2017) 

Allocation was found to be critical when calculating the environmental impacts 

of seafood and in this study economic allocation was preferred. 

Ahmed & 

Diana 

(2015)) 

The practice of shrimp farming in the Bagerhat area off the coast of Bangladesh 

is vulnerable to climate change. There is overwhelming evidence that different 

climatic variables have severe effects on the ecosystem of shrimp farms, as well 

as on shrimp production. 

Himes-

Cornell & 

Kasperski 

(2015)) 

Alaskan communities are experiencing impacts of unprecedented climate 

change related to the geographic distribution and abundance of marine 

resources, increases in the frequency and ferocity of storm surges in the Bering 

Sea, as well as changes in sea ice distribution and thickness, and increases in 

river erosion. 

Ahmed et al. 

(2013) 

The study found that climate change has a severe impact on the post-larval 

shrimp fishery. 

1.2. Global changes in fish physiology 

Table 3 shows the different parameters established based on the 15 investigations 

analyzed, related to the impact of global change on the physiological characteristics of 

fish. In relation to the geographical context, a frequency of 11 countries has been 

identified, within which 04 belong to Europe, 03 to America, 03 to Asia and 01 to Africa 

of the total research (Figure 02). For this case, the one that leads the investigations is the 

European continent. 

Figure 2. Distribution of studies on the impacts of global change on the physiological 

characteristics of fish. 
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Table 3. Impacts of global change on the physiological characteristics of fish. 

Author(s) 

and year 

Geographi

cal context 
Variables evaluated Species Segment 

Type of 

production 

Ahmed & 

Turchini 

(2021) 

U.S. • Recirculating aquaculture systems. 

• Impacts and adaptation to climate 

change. 

Fish farming Aquacult

ure 

Fish farm 

Huang et al. 

(2021) 

China • Spatio-temporal distribution pattern. 

• Characteristics of the species 

• Relationships between fish growth 

and environmental variables 

309 species Fishing Marine 

fishery. 

Tsang et al., 

(2021) 

USA. • Air temperature and precipitation 

• Climate measurements associated 

with thermal and hydrological metrics. 

26 species Fishing Rivers 

/Natural 

Da Costa & 

Custódio 

(2020)) 

Brazil • Haematological indicators. 

• Parasitological analysis. 

• Total RNA extraction. 

• Analysis of gene expression by PCR. 

Colossoma 

macropomu

m 

Aquacult

ure 

Fish farms 

Fé-

Gonçalves et 

al. (2020) 

Brazil • RNA-seq transcriptome analysis. Colossoma 

macropomu

m 

Aquacult

ure 

Fish farms 

Servili et al. 

(2020) 

Spain • Effects of global change on the 

sensorineural system, reproductive behavior, 

sex determination and differentiation. 

--- Fishing Marine 

fishery. 

Spurgeon et 

al. (2020) 

U.S. 

Nebraska 
• Growth response to changing 

climatic conditions in three types of water 

bodies: well lakes, reservoirs and power 

generation. 

Channel 

catfish 

Ictalurus 

punctatuses 

Fishing Rivers 

/Natural 

Stefani et al. 

(2020) 

Italy • Temperature increase. 

• Intensity of invasion of exotic fish 

• Degradation of habitat quality. 

31 fish 

communities

. 

Fishing Rivers 

/Natural 

Van Treeck 

et al. (2020) 

European 

lampreys 
• Maximum length, type of migration, 

mortality, fertility, age of maturity and 

generation time 

168 species 

of fish 

Fishing Rivers 

/Natural 

Campos et 

al. (2019) 

Brazil • Metabolic and oxidative stress. 

• The response rate of integrated 

biomarkers. 

03 

Amazonian 

species 

Fishing Rivers 

/Natural 

Dudgeon 

(2019)) 

Anthropoc

ene 
• Regulation of flow, dams and water 

catchment. 

• Land use change in watersheds. 

• Global climate change. 

---------------

-- 

Fishing Rivers 

/Natural 

Kriaučiūnien

ė et al. 

(2019)) 

Lithuania • Water temperature, river hydrology 

and fish. 

---------------

-- 

Fishing Rivers 

/Natural 

NYboer et 

al., (2019) 

Africa • Climate change vulnerability 

assessments. 

2793 species Fishing Rivers 

/Natural 
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Author(s) 

and year 

Geographi

cal context 
Variables evaluated Species Segment 

Type of 

production 

Pandit et al. 

(2017) 

Canada • Spatial distribution: current and 

future. 

• Change of latitude and range of 

species distribution. 

Carmine 

shiner 

Fishing Marine 

fishery. 

Kwon et al. 

(2015) 

Korea • Climatic and geohydrological data. 

• Species distribution models (SDM). 

22 species Fishing Rivers 

/Natural 

On the other hand, in relation to the variables evaluated in the research, it has been 

identified that they cover two important aspects. The first, related to the physiological 

evaluations of fish in 4 investigations, and the second, related to the influence of climatic 

factors on fish behavior with 6 studies. In the same way, there are interactions between 

the physiological factor of fish and the climatic influence on them (5 studies). These 

variables have been evaluated in a context of influence of global change on the 

physiology and behavior of fish, mainly for species in their natural state, being related to 

the studies in Table 1, which shows that the main type of activity is subsistence fishing. 

In reference to the number of species analyzed, we can differentiate two large groups, 

those related to freshwater fish and saltwater fish; In both parts it is evident that there is a 

considerable sample of species studied. On the other hand, in relation to the fish segment, 

80% corresponds to the fishing segment, while 20% corresponds to aquaculture, which is 

influenced by the behavior of fish in their natural state, since in the aquaculture sector the 

climatic and physiological variables can be manipulated with the aim of having a better 

production performance.  

Following the same logic, in the case of production types it was possible to show that 

60% corresponds to fish found in rivers or lakes and that are naturally. Of the remainder, 

20% refers to fish produced in fish farms and the other 20% to marine fisheries. From 

which, it can be analyzed that the fish that are in their natural habitat are the ones that 

have been studied the most. From this, it is demonstrated that there is a direct relationship 

between fish in their natural state and the indicators raised in the studies analyzed, since 

they are influenced by global change in relation to their distribution, characteristics, 

morphological and genetic factors mainly.  

Table 4. Results of impacts of global change on the physiological characteristics of fish. 

Author(s) and 

year 
Results 

Ahmed & 

Turchini (2021)) 
• The RAS can be considered for adaptation to climate change due to its operation in 

a terrestrial, closed and controlled environment. 

Huang et al. 

(2021) 
• The overall effects of climate change (mainly temperature variables) on fish growth 

(reflected in physiology and health) were negative on both global and local scales. 

Tsang et al. 

(2021) 
• The results greatly improve our ability to describe habitat changes at a stream 

scope scale over large regions, and may help prioritize management strategies to adapt to 

climate change at local and regional scales. 

Da Costa & 

Custódio (2020)) 
• The results suggest that extreme climate changes cause a rapid increase in 

parasitism leading to severe stages of inflammation, such as in the expression of analyzed 

pro-inflammatory genes that decrease host immunity, which can cause production losses. 

Fé-Gonçalves et 

al. (2020) 
• Our findings reveal the signatures of promising candidate genes involved in the 

regional plasticity of each tambaqui population to cope with upcoming climate changes. 

Servili et al. 

(2020) 
• Variations in temperature and photoperiod regimes strongly affect sexual 

differentiation and the timing and phenology of the spawning period in various fish species. 
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Author(s) and 

year 
Results 

Spurgeon et al. 

(2020) 
• Establishing relationships between climate and growth variables for a freshwater 

generalist with a plastic diet and wide temperature tolerance serves as an indication of the 

breadth of possible responses for freshwater fish under global changes in climatic 

conditions. 

Stefani et al. 

(2020) 
• The impact of the increase in temperature and alien species on the functional 

diversity of the fish was effective, idiosyncratic and mediated by the scale of analysis and by 

the intensity of the pressures and determined the increase in functional dispersion and 

uniqueness. 

Van Treeck et al. 

(2020) 
• Our approach is based on the analysis and compilation of resilience traits and 

provides a species-specific classification score of adult mortality sensitivity from a 

population. 

Campos et al. 

(2019) 
• Amazonian fish species are susceptible to climate change as they showed an 

increase in metabolic rate and oxidative stress. 

Dudgeon (2019)) • Freshwaters are global hotbeds of biodiversity, but they are also hotbeds of danger. 

The same environmental factors that cause the initial pattern of wealth are responsible for 

the susceptibility of this biodiversity to anthropogenic threats.  

Kriaučiūnienė et 

al. (2019) 
• The present study was designed to assess the response of fish assemblages in 

Lithuanian rivers to changes in temperature and hydrological regime, as well as the 

uncertainty of the response. 

NYboer et al. 

(2019) 
• We found that nearly 40% of African freshwater fish are vulnerable to climate 

change, mainly due to the many species with highly specialized habitat and life cycle 

requirements, and the numerous anthropogenic stressors they face. 

Pandit et al. 

(2017) 
• Carmine shiner may be  highly vulnerable to a warm climate and suggest that 

management actions, such as assisted migration, may be necessary to mitigate the impacts of 

climate change. 

Kwon et al. 

(2015) 
• The results revealed that five species have a high probability of becoming extinct in 

their respective habitable sub-basins by the 2080s due to climate change. 

Finally, according to the studies analyzed, it can be affirmed that global change influences 

the characteristics of fish, mainly in: the mortality rate, gene modification, habitat 

changes, increased parasitism, anthropogenic stress, phenology of the spawning period 

and in some cases, the extinction of vulnerable species.  

2. Discussions 

2.1. Characteristics of production units 

Most of the studies analyzed have studied global change mainly in coastal communities 

engaged in artisanal marine fisheries (Table 1). Badjeck et al. (2010), states that small-

scale fishers and fish farmers are particularly vulnerable to climate change. Sustainable 

sources of livelihoods for artisanal fishers depend heavily on the sustainability of 

ecosystem services, including the provision of fishery resources (Tol, 2005). Therefore, 

understanding the vulnerability of ecosystems to climate variability is critical to ensuring 

the food security of communities that depend primarily on natural resources, particularly 

coastal and marine resources. (Mabe & Asase, 2020). Fishery resources tolerate specific 

environmental conditions appropriate to their biological functioning (Saunders & Harry, 

2014).  

When talking about global change in fishing units (Table 1), it is necessary to start from 

its evaluation, using environmental indicators for specific species. (Pecl et al., 2014). 

However, the functioning of ecosystems is affected by both natural and anthropogenic 

factors. Metcalf et al. (2015) He noted that it is necessary to capture important socio-
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economic factors that directly affect fishery resources for sensitivity assessment. These 

factors were identified and analyzed in the present study. 

The degree to which individuals, households, communities, societies or nations can 

respond to climate change is determined by the assets available, the rights granted to them 

and their relative agency to access and leverage these assets and rights.  (Finkbeiner, 

2015). The resulting latent quality, responsiveness, also defined as a broad set of 

development-related resources that can be mobilized in the face of risk, describes the 

ability to mitigate the impacts of climate change and adapt to impacts experienced or 

anticipated. (Tol, 2005). Responsiveness is linked to real decisions and actions by 

sociocultural factors such as risk perception and access to information (Burch & 

Robinson, 2007). Ensuring resilient inland fisheries that can continue to support present 

and future livelihoods requires enforceable fisheries laws and regulations on illegal and 

destructive fishing gear, and restricting the 'open access' status of current fisheries, among 

others. (Ninawe et al., 2017). Achieving these outcomes encompasses various 

management interventions, such as marine spatial planning, building community support 

and improving equality of access and distribution. (Ratner, 2006). 

2.2. Global changes in fish physiology 

Further warming of terrestrial and aquatic ecosystems (Table 3) threatens global 

biodiversity at all levels (Mackay, 2008), leading to altered species distribution and 

population structure and, in the worst case, extinction of endemic species (Bellard et al., 

2012). Freshwater biota is particularly vulnerable to expected global warming, and many 

resident species have a limited ability to disperse as the environment changes. 

(Woodward et al., 2010).  

In the face of recent climatic conditions, evolutionary processes can substantially 

influence the patterns and response rates of individuals, populations or species. (Walther 

et al., 2002). Most fish species have a narrow range of optimal temperatures related to 

their basic metabolism and the availability of food organisms. (Tol, 2005). On shorter 

timescales of a few years, rising temperatures can lead to changes in temperature 

distribution, recruitment, and abundance. (Ninawe et al., 2017). On timescales ranging 

from a few years to a decade, changes in distribution, recruitment, and abundance of 

many species can be acute. (Belton et al., 2014). If individuals in the population cannot 

adjust themselves according to sudden and strong changes in temperature, one or some of 

their metabolic activities may deteriorate and mass deaths may occur. (Ninawe et al., 

2017).  

 

CONCLUSIONS 

Fishery resources are important for the livelihoods of many coastal communities, 

especially in tropical developing countries. However, these resources continue to face 

unprecedented pressure due to the impacts of climate change, affecting productivity and 

more broadly to fish catch, generating impacts on household economies, which have been 

considerably reduced in the last 4 years, attributable to an interaction of climatic and non-

climatic factors. 

To mitigate and adapt to changing climatic conditions, fishery resources need to be 

properly managed and regulated. Social and economic policies are needed to increase 

people's adaptive capacity and build community resilience so that they have the capacity 

and opportunity to diversify livelihoods. This can be done through a variety of 

approaches, for example, focusing on human capital creation (education and health, etc.), 

improving market benefits (e.g. increasing value added to the fish supply chain) or 

economic development (urbanization). It also suggests the need to improve current 

governance systems around land tenure and fisheries access rights to achieve more 

equitable access and distribution of resources. 
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Although we are at an early stage in understanding global warming trends and their 

impacts on future biodiversity, changes in the fitness components of species (behavior, 

survival, growth and reproduction) to current climate change are already clearly visible in 

their natural habitat, in both freshwater and saltwater species.  as they are more 

susceptible to climatic variations. 
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