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SUMMARY 

Alterations in ocean properties derived from Climate Change, have a significant impact on the 

marine ecosystems, and thus on fisheries. The understanding of marine ecosystems responses to 

global Climate Change plays an important role in predicting future potential impacts on fisheries. 

The most prominent ecological response for fish populations are changes in the distribution and 

productivity. In the case of tunas, this is highly important since tunas exert top-down pressure in 

the ecosystems worldwide and sustain some of the world’s most valuable fisheries. Albacore is a 

highly migratory temperate species distributed in all oceans. Therefore, changes in albacore 

distribution and abundance would suppose changes in worldwide albacore fisheries, with the 

subsequent impact on global economy. The present work compiles information on the preferred 

environmental characteristics of albacore stocks in the Atlantic Ocean, Pacific Ocean, Indian 

Ocean, and the Mediterranean Sea. Additionally, Climate Change effects on marine ecosystems 

are summarized, highlighting the potential future impacts on albacore stocks.  

 

RÉSUMÉ 

Les modifications des propriétés des océans dues au changement climatique ont un impact 

significatif sur les écosystèmes marins et donc sur les pêcheries. La compréhension des réactions 

des écosystèmes marins au changement climatique mondial joue un rôle important dans la 

prévision des impacts potentiels futurs sur les pêcheries. La réponse écologique la plus 

importante pour les populations de poissons est la modification de la distribution et de la 

productivité. Dans le cas des thonidés, cet aspect est très important, car les thonidés exercent 

une pression descendante sur les écosystèmes du monde entier et soutiennent certaines des 

pêcheries les plus précieuses de la planète. Le germon est une espèce tempérée hautement 

migratoire répartie dans tous les océans. Par conséquent, des changements dans la distribution 

et l'abondance du germon supposeraient des changements dans les pêcheries mondiales de 

germon, avec l'impact qui s'ensuit sur l'économie mondiale. Le présent travail rassemble des 

informations sur les caractéristiques environnementales préférées des stocks de germon dans 

l'océan Atlantique, l'océan Pacifique, l'océan Indien et la mer Méditerranée. En outre, les effets 

du changement climatique sur les écosystèmes marins sont résumés, soulignant les impacts 

potentiels futurs sur les stocks de germon.  

 

RESUMEN 

 

Las alteraciones de las propiedades de los océanos derivadas del cambio climático tienen un 

impacto significativo sobre los ecosistemas marinos y, por lo tanto, sobre las pesquerías. 

Entender las respuestas de los ecosistemas marinos al cambio climático global desempeña un 

papel importante a la hora de predecir los posibles efectos futuros sobre las pesquerías. La 

respuesta ecológica más destacada para las poblaciones de peces son los cambios en la 

distribución y la productividad. En el caso de los túnidos, es muy importante, dado que los 

túnidos ejercen una presión descendente en los ecosistemas a nivel mundial y mantiene 

mantienen algunas de las pesquerías más valoradas del mundo. El atún blanco es una especie 

templada altamente migratoria distribuida en todos los océanos. Por lo tanto, los cambios en la 

distribución y abundancia del atún blanco supondrían cambios en las pesquerías mundiales de 

atún blanco, con el consiguiente impacto en la economía mundial. El presente trabajo recopila 

información sobre las características medioambientales preferentes de los stocks de atún blanco 

del océano Atlántico, el océano Pacífico, el océano Índico y el mar Mediterráneo. Además, se 

resumen los efectos del cambio climático en los ecosistemas marinos, destacando las posibles 

repercusiones futuras en los stocks de atún blanco.  
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1. Introduction 

 

1.1 Biology, migration and fishing of albacore 

 

Albacore (Thunnus alalunga) (Bonnaterre, 1788) is a highly migratory pelagic predator in the family Scombridae. 

Despite being a temperate species, it is distributed throughout most tropical waters as well as temperate waters 

worldwide, mainly between 50ºN and 45ºS, with relatively lower abundance in equatorial areas (Chang et al., 

2021). However, there is still high uncertainty about its life cycle, migrations and biology (Nikolic et al., 2017; 

Fraile et al., 2016).  

 

Albacore is able to maintain internal temperatures higher than ambient. This is because they have a counter-current 

heat exchange system, characteristics of tunas, which enables them to swim to cooler waters. Given their high 

metabolic rate and their ability to swim continuously, they can migrate long distances (Goñi and Arrizabalaga, 

2010; Nikolic, et al., 2017). Although there is still controversy regarding albacore distribution and worldwide 

migrations, Nikolic et al. (2017) described spatial dynamics of all stocks, analyzing longline catches as a function 

of temperature in different oceans. As a temperate tuna species, areas of large catches in warm waters were 

assigned to potential spawning areas. As such, albacore spawning areas are located in the west basins of the North 

and South Atlantic Oceans (Figure 1), where as in the Indian Ocean spawning areas show a patchy distribution 

(Figure 2), and in the Pacific Ocean spawning areas are located over a wider area in the west (Figure 3). By 

contrast, feeding areas were assigned to locations where albacore catches take place in waters below 24ºC. They 

concluded that albacore potential migrations take place between described spawning and feeding areas.  

 

Albacore is one of the most important commercially harvested species in the world’s oceans. Albacore catches 

correspond to %4 of total global tuna catches (ISSF, 2024) fished in all oceans and by different fishing gears. 

Error! Reference source not found.SSF (2024) provides an overview of different albacore stock status. S

ummarizing, albacore stocks of Atlantic and Pacific Oceans are considered not to be overfished and there are no 

sustainability concerns on these populations. Similarly, Indian Ocean albacore stock is considered to be on a good 

state of health, but with considerable uncertainty due to the last stock assessment results. On the contrary, 

Mediterranean albacore stock catches decreased substantially relative to 2021 and currently the population is 

considered to be overfished or subject to overfishing. However, there is high uncertainty on this stock status since 

more data should be collected for an accurate assessment.  

 
1.2 Climate Change 

 
Climate Change, according to IPCC (2007), refers to a change in the state of a climate that can be identified by 
variations in its properties and that persists for an extended period. Climate change, being currently one of the 
main threats to ecosystems worldwide, could be due to natural variability or because of human activity. 
Greenhouse gases (such as CO2, CH4 and N2O), which have been accumulated in the atmosphere since the 
Industrial Revolution, are partially absorbed by the ocean. Consequently, increasing temperatures and changes in 
water biogeochemistry have produced water acidification and deoxygenation (Laffoley and Baxter, 2019). There 
is evidence that most oceans are being affected by regional changes, particularly temperature increases (IPCC, 
2007; Hoegh-Guldberg et al., 2018). For instance, the global upper ocean temperature increased by 0.4ºC between 
1955 and 2008 (Levitus et al., 2009 in Le Marchand et al., 2020). Climate change impacts such as water warming 
and sea level rise are expected to continue for centuries (IPCC, 2007) reaching up to 1.64 to 3.51ºC temperature 
increase by the end of the century (Hoegh-Guldberg et al., 2018). Likewise, future projections reveal that most 
regions will undergo decreases in oxygen concentrations due to slowdown in ocean ventilation and a decline in 
surface oxygen solubility due to higher temperatures (Leung et al., 2019). There is evidence that global ocean 
oxygen content has decreased by -1.2% since the middle of the 20th century (Grégoire et al., 2019) and could 
continue decreasing by -3.45% in the 21st century (Bopp et aL., 2013). 
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Under this scenario of global changes in ocean properties, marine ecosystems, and thus fisheries, are significantly 
impacted. The most prominent biological response from fish stocks are changes in distribution (Cheung et al., 
2010; 2013; Le Marchand et al., 2020; Erauskin-Extramiana et al., 2019; Monllor-Hurtado, et al., 2017), phenology 
(Dufour et al., 2010; Goikoetxea et al., 2017; Chust et al., 2019) and productivity (Cheung et al., 2010; 2012; 2013; 
Merino et al., 2012; 2019; Erauskin-Extramiana et al., 2023). In addition, climate change may lead to local 
extinction of some species, as well as the invasion of foreign species coming from other areas. Cheung et al. (2009) 
mention species turnovers of over 60% of the present biodiversity, which implies not only ecological disturbances 
but also socio-economic impacts.  
 
The understanding of marine ecosystems responses to global climate change plays an important role in afterwards 
predicting future potential alterations on fisheries. In the case of tunas, this is highly important since tunas sustain 
some of the world’s most valuable fisheries and dominate ecosystems worldwide (Juan-Jordá et al., 2011). How 
climate change will impact on marine stocks in general, and tunas in particular, is already being investigated (Chust 
et al., 2019; Merino et al., 2019; Erauskin-Extramiana et al., 2023). However, the scientific community should 
place an emphasis on including such information in the design of effective marine management procedures, to 
ensure sustainability of tunas worldwide.    
 
 
2. Objectives 
 
The objective of the current review is to provide a summary of latest knowledge about environmental preferences 
on albacore; particularly, climate change effects on albacore productivity, phenology and geographical distribution 
is reviewed. This knowledge synthesis aims to provide a basis to discuss robustness scenarios under the new MSE.  
 
 
3. Material and methods 
 
With the aim of assessing the response of albacore distribution to current climate change, scientific literature on 
worldwide albacore stocks has been reviewed. This revision includes information on environmental preferences 
of such stocks, as well as climate change impacts on them and future potential implications for fisheries.  
 
 
4. Results and discussion 

4.1 Relationship between the oceanic climate and the distribution of albacore 
 
The distribution and abundance of species and their prey is established by ocean-climatic conditions. Long time 
series analysis showed how the dynamics of most of the fishing stocks of commercial interest are affected by 
climate (Cheung et al., 2013). In the case of albacore there are a vast number of works about the relationship of its 
distribution and the physical characteristics of its habitat. These studies identified the preferential ranges of 
different oceanographic factors (e.g. temperature, salinity, oxygen, altimetry, chlorophyll) for albacore in oceans 
worldwide (Zainuddin et al., 2008; Dufour, 2010; Arrizabalaga et al., 2015; Singh et al, 2015; Erauskin-
Extramiana et al, 2019). However, the biology and ecological habitat of Atlantic and Pacific Ocean stocks are 
relatively better documented, while the Indian Ocean and the Mediterranean Sea stocks are more data deficient. 

 

The influence of global climatic indices on albacore stocks worldwide has been studied. In the North Atlantic, a 

likely influence of the global index NAO (North Atlantic Oscillation) on the northern albacore recruitment was 

discussed for the first time in 1997; high NAO years were seen to be associated with decrease in albacore 

recruitment levels (Santiago, 1998). This opposite association between NAO and albacore recruitment was 

afterwards confirmed with the analysis of a longer study period (Santiago, 2004). This association is suggested to 

be more important when spawning stock biomass of albacore is high (Arregui et al., 2006). Years later, Dufour et 

al. (2010) highlighted the influence of the global indices of NAO and the temperature anomaly of the Northern 

Hemisphere on the trophic migration of albacore. In the Mediterranean Sea albacore CPUE (catch per unit effort) 

significantly increases when the NAO is negative (Báez et al., 2011). In the Pacific, albacore recruitment seems to 

be correlated to the climatic indices of El Niño Southern Oscillation (ENSO) and Pacific Decadal Oscillation 

(PDO); particularly, albacore shows low recruitment during El Niño and high during La Niña (Lehodey et al., 

2003; Zainuddin et al., 2004). In addition, Singh et al. (2015) highlighted those climatic conditions, such as the 

global mean land and ocean temperature index (LOTI), the Pacific warm pool index (PWI) and PDO should be 

taken into account when taking albacore stock management decisions given their influence on albacore CPUE.  
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Global climatic indices' influence on albacore stocks has been documented on a large scale. Similarly, Arrizabalaga 

et al. (2015), published a global study showing the preference of albacore for surface water temperatures from 

14ºC to 22ºC. However, such thermal preference differs among oceans and for different life stages of albacore. 

This work reviews studies on oceanographic conditions on albacore distribution areas to summarize the optimal 

ranges of different environmental parameters, as this information could be crucial when assessing the potential 

impacts of climate variability on fish stocks. The environmental characteristics of albacore habitat is found to be 

different depending on the stock. Table 1 summarizes the main optimal ranges for the environmental parameters 

mostly studied in the literature.  

 

In Northeast Atlantic waters, albacore latitudinal migrations follow isotherms between 16ºC and 21ºC (Havard-

Duclos, 1973). Thermal preferences also differ depending on the season of the year, previously demonstrated by 

Sagarminaga and Arrizabalaga (2010). Goikoetxea et al. (2014) stated that the first catches of each year (May to 

mid-July) are registered in waters between isotherms 15ºC and 17ºC, whilst catches of the second half of the 

fishing season (located mainly within the Bay of Biscay and southwest of Ireland) were in warmer waters without 

a clear preferential range (Goikoetxea et al., 2014). Juvenile catches are not only related to the temporal 

displacement of the optimal thermal window (Sagarminaga and Arrizabalaga, 2010), but are also linked to 

chlorophyll fronts in summer months (Sagarminaga and Arrizabalaga, 2014). Goikoetxea et al. (2012) identified 

the importance of the vertical structure of the water column. In the Bay of Biscay juveniles stay close to the surface 

(0-50m), preferentially close to the thermocline (Goikoetxea et al., 2017). Also, the presence of mesoscale 

structures such as eddies influence albacore behavior. The presence of albacore catches between cyclonic and 

anticyclonic eddies shows that the conditions that can be found in the edges of eddies are optimal for their presence 

(Goikoetxea et al., 2014). The environmental preferences of albacores suggest that oceanographic changes could 

influence the spatial and temporal distribution of the stock. Likewise, albacore migration towards productive 

northeastern Atlantic waters is associated with the seasonal variation of temperature, tracking the seasonal 

warming.  

 

In the South Atlantic Ocean, albacore feeding habitat is characterized by approximately 16.5º-19.5ºC and 0.11-

0.33 mg/m3 optimal ranges of sea surface temperature (SST) and sea surface chlorophyll concentration (SSC), 

respectively (Vayghan et al, 2020). 

 

In the Pacific Ocean, the highest albacore CPUEs are found in waters characterized by SST of 18.5-21.5ºC, 0.2-

0.4 mg/m3 SSC, and -5 to 32 cm sea surface height (SSH) anomaly values (Zainuddin et al., 2008). Moreover, 

high albacore CPUE areas are found in regions with high SST gradients, such as the North Pacific Transition Zone; 

high albacore CPUE are associated not only with the presence of oceanic fronts, by also to frontal strength (Xu et 

al., 2017). Accordingly, albacore CPUEs were higher near warm, low chlorophyll oceanic waters, and near SST 

fronts in the Northeast Pacific Ocean (Nieto et al., 2017). Also, albacore presence was related to the transition 

zone chlorophyll front in the North Pacific (Polovina et a., 2001). In a more recent research with immature albacore 

tuna in the North Pacific Ocean, the optimal range of environmental variables for the SST, SSH, mixed layer depth 

(MLD), SSC of the previous month, and eddy kinetic energy (EKE) for the habitat of albacore are suggested to be 

approximately 17–21°C, 0.24–0.84 m, 15–100 m, 0.07–0.29 mg/m3, and 0.0001–0.0031 m2/s2, respectively (Lee 

et al., 2019). However, the optimal temperature range is found to be cooler (15-18ºC) in the northeastern North 

Pacific waters (Christian and Holmes, 2016). A recent study identified the lower thermal tolerance for juvenile 

albacore tuna in the northwestern and central Pacific Ocean and it was set to be 13ºC, restricting albacore 

movements vertically (Matsubara et al., 2024). MLD was found to limit albacore vertical distribution in both North 

Pacific Ocean (Childers et al., 2011) and South Pacific Ocean (Williams et al., 2015). What is more, the vertical 

distribution of albacore is different whether in tropical waters (shallower, warmer waters above the MLD at night 

and deeper, cooler waters below the MLD during the day) or temperate waters (limited to shallow waters above 

the MLD almost all the time) in the South Pacific Ocean (Williams et al., 2015). In the South Pacific Ocean, 

albacore CPUE were higher at areas closer to thermal fronts and with greater gradient magnitudes (Zhou et al., 

2020). In addition, albacore vertical distribution was restricted by water temperature and oxygen availability, and 

they showed stronger preference for 200 m depth layer. Accordingly, oxygen concentration and SST were also 

selected variables in the study by Chang et al. (2021) since albacore preferred the areas with dissolved oxygen at 

100m of 0.2-0.5 mmol/l and SST of 13-22ºC. Dissolved oxygen was already suggested by Brill (1994) as a good 

descriptive of albacore habitat suitability.  

 

In the Indian Ocean, the essential habitat for immature albacore feeding is found in waters of 0.07-0.09 mg/m3 

(lagged 2 months in advance) and 16.5-18.5ºC (Mondal et al., 2021). Other studies revealed that higher albacore 

abundances are found with SST, sea surface salinity (SSS) and SSC ranges of 17-19ºC (mostly centralized near 

18ºC), 35.1-35.5 psu and 0.1-0.25 mg/m3, respectively (Mondal & Lee, 2018; Mondal et a., 2022). However, 

albacore tuna catches in the whole Indian ocean cover a wide range of temperature values in comparison with other 
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oceans (Chen et al., 2005). For instance, Wang et al. (2019 in Mondal et al., 2022) showed a that albacore catches 

were recorded at temperatures from 20 to 27ºC. Likewise, albacore SST preference vary according to the life stage 

of the individuals, from 18.9ºC for immatures, to 19.1ºC for non-spawning matures, and to 24.9ºC for spawning 

matures (Mondal et al., 2022). Mondal and Lee (2023) described warmer waters (25-29ºC) for mature albacore 

tunas between 10ºS and 30ºS. SSH and oxygen concentration are observed to be also limiting factors for albacore 

with preferred values of 0.5-0.7m and 5-5.3 ml/l, respectively (Mondal and Lee, 2023). Lastly, albacore frequently 

dive to depths below 200 m during the day (Childers et al., 2011) showing a preference for waters from 60-175m 

(Mondal et al., 2022).  

 

4.2 Projections under climate change scenarios 

 

Climate change is predicted to amplify the uncertainties identified for commercial fisheries (Cheung et al., 2016). 

Being climate change a matter of fact, its effects on fish stocks should be accounted for in stock assessments. In 

this sense, this section reviews information on potential climate change effects on different albacore stocks 

worldwide (Table 2). Firstly, the aim is to identify gaps where more focus should be given to analyze climate 

change effects on albacore. Secondly, it intends to highlight those environmental variables that are confirmed to 

influence albacore populations to potentially consider them in assessment models and management advice.  

 

In addition to the interannual or multidecadal variability of the oceanographic factors, global warming of the 

oceans is causing the northward shift of some fish species (increase of warm-water species and decrease of cold-

water species), and deepening of other species (Perry et al., 2005; Cheung et al., 2013). As a consequence of global 

warming fisheries catch is predicted to increase in higher latitudes and to decrease in tropical regions (Cheung et 

al., 2010). In the case of albacore tuna, the relative abundance is projected to increase in the distribution limits of 

the Indian and Pacific Oceans but decrease in temperate areas. Generally speaking, albacore tuna expand their 

northern and southern limits poleward and decrease in temperate waters (Erauskin-Extramiana, et al., 2019). For 

mature albacore in the Indian Ocean, potential habitats are predicted to shift southward by 2100 (Mondal et al., 

2023). In the case of the Bay of Biscay, a northward trend in albacore habitat has been detected (Chust et al., 2019). 

 

In the Pacific Ocean albacore hot spots were concentrated around the 20ºC isotherm and the 0.3mg/m3 chlorophyll-

a isopleth, which suggests that the dynamics of high tuna aggregations influenced by the progression of seasonal 

warming (thermal front) and the movement of chlorophyll front can be predicted using temperature and 

chlorophyll concentration as indicators (Zainuddin et al., 2006). Changes in any of these proxy variables (e.g given 

to climate change) would suppose changes in albacore hot spot locations. Other authors (Xu et al., 2017; Lee et 

al., 2019; Zhou et al., 2020) also highlighted the association of high albacore CPUE with thermal frontal zones. 

Future projections of albacore distribution concluded that the relative abundance of albacore would increase in the 

area south of 30ºS from 2020 to 2080, whereas it is projected to decrease in most EEZs in the South Pacific Ocean 

by 2080 (Chang et a., 2021). They also found that the northern boundary of albacore preferred habitat is expected 

to shift southward by about 5º latitudes, in accordance with Lehodey et al., (2015). By contrast, albacore 

distribution may remain stable in the western part of the southern Pacific Ocean (Senina et al., 2018) and may 

expand in the eastern Pacific Ocean. Considering only thermal conditions, northeastern North Pacific albacore 

could expand its distribution northward under warming conditions, but other factors influence, such as food 

availability, remains unknown (Christian and Holmes, 2016). Oceanic warming can alter not only the geographical 

distribution of albacore stocks, but also their vertical habitat. Albacore vertical distribution is limited by prey 

availability but also by thermal characteristics of the water column (Williams et al., 2015). Therefore, changes in 

the thermal structure of oceanic waters associated with climate change might influence the vertical distributions 

of albacore stocks worldwide. 

 

Changes in the spatial distribution of species may lead local extinction of some species, as well as the invasion of 

foreign species coming from other areas. That is to say, the northward shift of marine species would suppose the 

arrival of foreign species to a new community, leading to trophic interactions with native species, like competition 

and predation. In the Bay of Biscay for instance, the arrival of the tropical bigeye tuna would be a competitor for 

the native temperate albacore since they would feed on the same prey (Le Marchand et al., 2020).  
 
The changes are not only detected in the spatial distribution. In the Bay of Biscay, climate change could be already 
influencing the phenology of albacore during its trophic migration towards the Northeast Atlantic (Dufour et al, 
2010). These authors demonstrated that albacore arrives, on average, 8 days before than 40 years ago (based on 
1967-2005 study period). This change in phenology is expected to be of one month in the future. Goikoetxea et al. 
(2017) found a possible earliness of the fishing season for the end-of-the-century, when in June the fleet would be 
fishing in areas where they fish at present in July. Accordingly, based on a longer study period, Chust et al. (2019) 
also confirmed that albacore migration come 2.3 days earlier per decade, partly associated with the warming of 
the sea. 
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Fisheries productivity can be impacted also through changes in individual growth and recruitment. For example, 
Cheung et al. (2013) concluded that the deoxygenation of the oceans, could suppose the decrease in fish body size. 
This has been already documented in the case of the Bay of Biscay anchovy (Taboada et al., 2023). Simulations 
undertaken for North albacore stock analyzed the performance of the current management procedure under 
changes in productivity and abundance (Merino et al., 2019). Same authors suggested that with an increased 
recruitment or increase in body growth, the median catch of albacore would increase. However, Erauzkin-
Extramiana et al., (2023), using a multispecies model, concluded that albacore are predicted to decrease globally 
in biomass and size, with the subsequent impact on industrial fishery.   
 
An additional impact of climate change is the deoxygenation of the oceans. The depth at which oxygen 
concentrations drop below 3.5ml/l is projected to shoal throughout the global oceans and consequently vertical 
habitat of tunas could be compressed, especially within subtropical and mid-latitude Pacific Ocean regions (Leung 
et al., 2019). Albacore usually lives in waters with oxygen levels >5mg/l (>3.7 ml/l assuming 15ºC) and 
experiments showed that albacore are relatively intolerant to hypoxic conditions (Leung et al., 2019). Therefore, 
changes in oxygen concentration of the water column could have consequences for albacore horizontal or vertical 
distribution. In addition, the decrease of oxygen concentration in the South Pacific will lead to weaker albacore 
recruitment in the area, with a decrease on the abundance of young South Pacific albacore (Lehodey et a., 2015). 
Future projections under fishing and climate change scenarios predicted that the populations would decrease and 
stabilize after 2035 just below 0.8 Mt, i.e., 55% below the initial biomass of 1960. After 2080 however, the trend 
was reversed when a new spawning ground emerged in the north Tasman Sea (Lehodey et al., 2015).   
 
Mediterranean sea warming has already been documented (Hidalgo et al., 2018) and it is projected to continue 
warming in the future. Similarly, salinity anomalies are predicted to increase. Likewise, the sea level rise increase 
reported so far, is projected to continue in the future and a decrease in ocean pH is likely to occur (Hidalgo et al., 
2018). All these changes would affect also marine communities cohabiting Mediterranean waters, from 
phytoplankton to large pelagic species. In the case of Mediterranean albacore, a meridionalization of its migratory 
behavior is expected. However, documentation on climate change impacts on Mediterranean albacore is scarce, in 
comparison with other oceans.      
 
Climate change is a fact, and impacts on marine ecosystems have already been documented through changes in 
species habitats, productivity of oceans and increased variability of environmental conditions (Poloczanska et al., 
2013; Cheung et al., 2016), and indirectly on commercial species fisheries (Monllor-Hurtado et al., 2017). Hence, 
climate change impact on fisheries is a factor that should be accounted for in the assessments of different species. 
However, it is unclear how climate change influence should be considered in stock status evaluations.  

 
Likewise, future changes in the distributions of tunas will suppose changes in regional fisheries with important 
socio-economic effects. As spatial habitats of targeted tuna species shift, CPUE-standardization methods should 
be adapted to capture stock dynamics accurately, since abundance indices are mostly dependent on fishery data. 
Consequently, stock assessment of these species will become more complicated, particularly if species move 
across management boundaries. In effect, there has been an increasing dominance of warmer water species catches 
at higher latitudes during the past four decades (Cheung et al., 2013), where tuna populations at intermediate 
latitudes (20-30ºN and 20-30ºS) underwent a large-scale tropicalization from 1965 to 2011 (Monllor-Hurtado et 
al., 2017). Simultaneously, there is a northward progressive shift of northeast Atlantic albacore fishing areas and 
it is expected to continue to move in the future since the center of gravity of albacore catches is projected to shift 
over 500 km for the-end-of-the-century (Goikoetxea et al., 2017). Further, some usual fishing areas of the Bay of 
Biscay might disappear (Goikoetxea al a. 2017). If targeted tuna abundance decreases or shifts from traditional 
fishing grounds, fishers will have to navigate longer to locate targeted shoals.  
 
 

5. Conclusions 

 

Changes in primary production, trophic chain balance, the life history and distribution of fish stocks could impact 

the productivity of fisheries worldwide. Similarly, climate change (by global warming, deoxygenation, and 

acidification of the oceans) influences marine ecosystems. Consequently, climate change has a substantial 

influence on the variability of fish stocks. Some effects have already been documented while others are still to be 

proved. To the extent possible, environmental variability of marine ecosystems should be accounted for in stock 

assessments.  

 

 

 

 



 
 

7 

There is still high uncertainty in future predictions of marine fisheries under climate change since climate change 

effect differs among oceans and species. The influence of climate change on tuna stocks is case sensitive and thus 

each stock should be studied separately, in order to decide whether to consider environmental variability on stock 

assessments and climate change on management advice, or not; and if so, how. North Atlantic albacore is, 

compared to other albacore stocks, relatively well studied. However, there is little knowledge about the 

impact of climate change on stock productivity. 

 

 

References 

 

Arregui, I., Arrizabalaga, H., Kirby, D.S. and Martín-González, J.M. 2006. Stock-environment-recruitment models 

for North Atlantic albacore (Thunnus alalunga). Fish. Oceanogr. 15(5): 402-412. 

 

Arrizabalaga, H., Dufour, F., Kell, L.T., Merino, G., Ibaibarriaga, L., Chust, G., Irigoien, X., Santiago, J., Murua, 

H., Fraile, I., Chifflet, M., Goikoetxea, N., Sagarminaga, Y., Aumont, O., Bopp, L., Herrera, M., Fromentin, 

J.M. and Bonhommeau, S. 2015. Global habitat preferences of commercially valuable tuna. Deep Sea Res. 

II, 113: 102-112. 

 

Baéz, J.C., Ortiz de Urbina, J.M., Real, R., Macías, D. 2011. Cumulative effect of the North Atlantic Oscillation 

on age-class abundance of albacore (Thunnus alalunga). J. appl. Ichthyol., 27: 1356-1359 

 

Bopp, L., Resplandy, L., Orr, J.C., Doney, S.C., Dunne, J.P., Gehlen, M., Halloran, P., Heinze, C., Ilyina, T., 

Séférian, R., Tjiputra, J., Vichi, M. 2013. Multiple stressors of ocean ecosystems in the 21st century: 

projections with CMIP5 models. Biogeosciences, 10, 6225-6245. https://doi.org/10.5194/ bg-10-6225-2013 

 

Brill, R.W. 1994. A review of temperature and oxygen tolerance studies of tunas pertinent to fisheries 

oceanography, movement models and stock assessments. Fish. Oceanogr., 3:204-216. doi:10.1111/j.1365-

2419.1994.tb00098.x  

 

Chang, Y.-J., Hsu, J., Lan, K.-W., Tsai, W.-P. 2021. Evaluation of the impacts of climate change on albacore 

distribution in the South Pacific Ocean by using ensemble forecast. Front. Mar. Sci., 8: 731950. 

Doi:10.3389/fmars.2021.731950 

 

Chen, I.C., Lee, P.F., Tzeng, W.N. 2005 Distribution of albacore (Thunnus alalunga) in the Indian Ocean and its 

relation to environmental factors. Fish. Oceanogr., 14 (1):71e80. 

 

Cheung, W.W.L., Lam, V.W.Y., Sarmiento, J.L., Kearney, K., Watson, R., Pauly, D. 2009. Projecting global 

marine biodiversity impacts under climate change scenarios. Fish Fish., 10: 235−251 

 

Cheung, W., Lam, V., Sarmiento, J. L., Kearney, K., Watson, R., Zeller, D., et al. 2010. Large-scale redistribution 

of maximum fisheries catch potential in the global ocean under climate change. Glob. Change Biol. 16, 24–

35. doi: 10.1111/ j.1365-2486.2009.01995.x 

 

Cheung, WWL., Watson R. and Pauly, D. 2013. Signature of ocean warming in global fisheries catch. Nature 497: 

365-368 

 

Cheung, W.W.L., Jones, M., Reygondeau, G., Stock, C.A., Lam, V., Frölicher, T.L. 2016. Structural uncertainty 

in projecting global fisheries catches under climate change. Ecol. Model., 325: 57-66. 

doi:10.1016/j.ecolmodel.2015.12.018 

 

Childers, J., Snyder, S., Kohin, S. 2011. Migration and behavior of juvenile North Pacific albacore (Thunnus 

alalunga). Fish. Oceanogr., 20: 157-173 

 

Chust, G., Goikoetxea, N., Ibaibarriaga, L., Sagarminaga, Y., Arregui, I., Fontán, A., Irigoien, X., Arrizabalaga, 

H. 2019. Earlier migration and distribution changes of albacore in the Northeast Atlantic. Fish. Oceanogr., 

28: 505-516. 

 

Christian, J.R. and Holmes, J. 2016. Changes in albacore tuna habitat in the northeast Pacific Ocean under 

anthropogenic warming. Fish. Oceanogr., 25 (5): 544-554. doi:10.1117fog.12171 

 



 
 

8 

Dufour, F. 2010. Méta-analyse des effets de l’environment sur la dynamque des stocks de thonidés. PhD Thesis, 

Université de Pau et des pays de l’Adour, Pau, 203 pp. 

 

Dufour, F., Arrizabalaga, H., Irigoien, X. and Santiago, J. 2010. Climate impacts on albacore and bluefin tunas 

migrations phenology and spatial distribution. Progr. Oceanogr., 86: 283-290. 

 

Erauskin-Extramiana, M., Arrizabalaga, H., Hobday, A.J., Cabré, A., Ibaibarriaga, L., Arregui, I., Murua, H., 

Chust, G. 2019. Large-scale distribution of tuna species in a warming ocean. Glob. Change Biol., 25 (6): 

2043-2060. https://doi.org/10.1111/gcb.14630 

 

Erauskin-Extramiana, M., Chust, G., Arrizabalaga, H., Cheung, W.W.L., Santiago, J., Merino, G., Fernandes-

Salvador, J.A., 2023. Implications for the global tuna fishing industry of climate change-driven alterations in 

productivity and body sizes. Glob. Planet. Change, 222: 104055 

https://doi.org/10.1016/j.gloplacha.2023.104055 

 

Fraile, I., Arrizabalaga, H., Santiago, J., Goñi, N., Arregi, I., Madinabeitia, S., Wells, R.J. David and Rooker, Jay 

R. 2016. Otolith chemistry as an indicator of movements of albacore (Thunnus alalunga) in the North Atlantic 

Ocean. Mar. Freshw. Res., 67: 1002-1013. http://dx.doi.org/10.1071/MF15097. 

 

Goikoetxea, N., Fontán, A., Goñi, N., Caballero, A., Sagarminaga, Y., Arrizabalaga, H., Chifflet, M., Santiago, J., 

Arregi, I. and Mader, J. 2012. Efectos de las condiciones océano-meteorológicas en el comportamiento, 

seguimiento y evaluación de los túnidos (ECOMET). Elaborado por AZTI-Tecnalia para Eusko Jaurlaritza-

Gobierno Vasco, Dpto. MAPTAP, Viceconsejería de Pesca e Industrias Alimentarias.  

 

Goikoetxea, N., Caballero, A., Fontán, A., Ferrer, L., Arrizabalaga, H., Arregui, I., Goñi, N., Zarauz, L., 

Sagarminaga, Y., Mugerza, E., Rubio, A., Santiago, J. and Mader, J. 2014. Aplicación del Conocimiento 

Oceanográfico para mejorar el servicio de asesoría a la flota vasca de bonito (HOBATU). Elaborado por 

AZTI-Tecnalia para Eusko Jaurlaritza-Gobierno Vasco, Dpto. MAPTAP, Viceconsejería de Pesca e 

Industrias Alimentarias.  

 

Goikoetxea, N., Chust, G., Ibaibarriaga, L., Sagarminaga, Y., Arrizabalaga, H. 2017. A habitat model for Northeast 

Atlantic albacore. SCRS/2017/112 

 

Grégoire, M., Gilbert, D., Oschlies, A., Rose, K. 2019. 1. What is ocean deoxygenation? In Laffoley, D. & Baxter, 

J.M. (eds.) (2019). Ocean deoxygenation: Everyone’s problem - Causes, impacts, consequences and 

solutions. Gland, Switzerland: IUCN. xxii+562pp. 

 
Havard-Duclos, F. 1973. La pêche au germon dans le Golfe de Gascogne. Influence de la temperature sur le 

déplacement des mattes. Collect. Vol. Sci. Pap. ICCAT 1: 341-370. 

 

Hidaldo, M., Mihneva, V., Vasconcellos, M., Bernal, M. 2018. Chapter 7: Climate change impacts, vulnerabilities, 

and adaptations: Mediterranean Sea and the Black Sea marine fisheries. In: Impacts of climate change on 

fisheries and aquaculture: synthesis of current knowledge, adaptation and mitigation options. FAO Fisheries 

and Aquaculture Technical Paper No. 627. Rome, FAO. 628 pp. 

 

Hoegh-Guldberg, O., Jacob, D., Taylor, M., Bindi, M. and others, 2018. Impacts of 1.5°C global warming on 

natural and human systems. In: Masson-Delmotte V, Zhai P, Pörtner HO, Roberts D and others (eds) Global 

warming of 1.5°C. An IPCC special report on the impacts of global warming of 1.5°C above pre-industrial 

levels and related global greenhouse gas emission pathways, in the context of strengthening the global 

response to the threat of climate change, sustainable development, and efforts to eradicate poverty. www. 

ipcc. ch/ site/ assets/ uploads/ sites/ 2/ 2019/ 06/ SR15_ Chapter3_ Low_ Res.pdf 

 

IPCC, 2007: Climate Change 2007: Synthesis Report. Contribution of Working Groups I, II and III to the Fourth 

Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, Pachauri, R.K 

and Reisinger, A. (eds.)]. IPCC, Geneva, Switzerland, 104 pp. 

ISSF, 2024. Status of the world fisheries for tuna. Mar. 2024. ISSF Technical Report 2024-02. International 

Seafood Sustainability Foundation, Pittsburgh, PA, USA. 

 

https://doi.org/10.1111/gcb.14630
https://doi.org/10.1016/j.gloplacha.2023.104055


 
 

9 

Juan-Jordá, M.J., Mosqueira, I., Cooper, A.B., Freire, J., Dulvy, N.K. 2011. Global population trajectories of tunas 

and their relatives. PNAS, 108: 20650–20655. doi: 10.1073/pnas.1107743108 

 

Laffoley, D., Baxter, J.M. 2019. Ocean deoxygenation: Everyone’s problem - Causes, impacts, consequences and 

solutions. Full report. Gland, Switzerland: IUCN. 580pp 

  

Le Marchand, M., Hattab, T., Niquil, N., Albouy, C., Le Loc’h, F., Ben Rais Lasram, F. 2020. Climate change in 

the Bay of Biscay: changes in spatial biodiversity patterns could be driven by the arrivals of southern species. 

Mar. Ecol. Prog. Ser., 647: 17-31. 

 

Lee, M.-A., Weng, J.-S., Lan, K.-W., Vayghan, A.H., Wang, Y.-C., Chan, J.-W., 2019. Empirical habitat suitability 

model for immature albacore tuna in the North Pacific Ocean obtained using multisatellite remote sensing 

data. Int. J. Remote Sens., 41 (15): 5819-5837. https://doi.org/10.1080/01431161.2019.1666317 

 

Lehodey, P., Chai, F., Hampton, J. 2003. Modelling Climate-Related Variability of Tuna Populations from a 

Coupled Ocean-Biogeochemical-Populations Dynamics Model. Fish. Oceanogr., 12: 483-494. 

http://dx.doi.org/10.1046/j.1365-2419.2003.00244.x 

 

Lehodey, P., Senina, I., Nicol, S., Hampton, J. 2015. Modelling the impact of climate change on South Pacific 

albacore tuna. Deep Sea Res. Part II: Top. Stud. Oceanogr., 113: 246-259. 

https://doi.org/10.1016/j.dsr2.2014.10.028 

 

Leung, S., Mislan, K.A.S., Muhling, B., Brill, R. 2019. The significance of ocean deoxygenation for open ocean 

tunas and billfishes In: Baxter J. M, Laffoley D, editors. Ocean Deoxygenation – Everyone’s Problem: 

Causes, Impacts, Consequences and Solutions. IUCN. pp. 277–308. 

 
Matsubara, N., Aoki, Y., Aoki, A., Kiyofuji, H. 2024. Lower termal tolerance restricts vertical distributions for 

juvenile albacore tuna (Thunnus alalunga) in the northern limit of their habitat. Front. Mar. Sci., 11:1353918. 

doi: 10.3389/fmars.2024.1353918 

 

Merino, G., Arrizabalga, H., Arregui, I., Santiago, J., Murua, H., Urtizberea, A., Andonegi, E., De Bruyn, P., Kell, 

L.T. 2019. Adaptation of North Atlantic albacore fishery to climate change: yet another potential benefit of 

harvest control rules. Front. Mar. Sci., 6: 620. doi: 10.3389/fmars.2019.00620 

 

Mondal, S. Lee, M.-A., 2018. The influence of sea surface temperature on the distribution of albacore tuna 

(Thunnus alalunga) in the southern Indian Ocean. J. Fish. Soc. Taiwan, 45 (4): 253-260. 

Doi:10.29822/JFST.201812_45(4).0006 

 

Mondal, S., Lee, M.-A., 2023. Habitat modeling of mature albacore (Thunnus alalunga) tuna in the Indian Ocean. 

Front. Mar. Sci., 10: 1258535. doi: 10.3389/fmars.2023.1258535 

 
Mondal, S., Vayghan, A.H., Lee, M.-A., Wang, Y.-C., Semedi, B. 2021. Habitat suitability modelling for the 

feeding ground of immature albacore in the southern Indian Ocean using satellite-derived sea surface 

temperature and chlorophyll data. Remote Sens.: 13, 2669. https://doi.org/10.3390/rs13142669 

 

Mondal, S., Lan, Y.-C., Lee, M.-A., Wang, Y.-C., Semedi, B., Su, W.-Y. 2022. Detecting the feeding habitat zone 

of albacore tuna (Thunnus alalunga) in the southern Indian Ocean using multisatellite remote sensing data. 

J. Mar. Sci. Technol., 29 (6). DOI: 10.51400/2709-6998.2559  

 

Mondal, S., Ray, A., Lee, M.-A., Boas, M., 2023. Projected changes in spawning ground distribution of mature 

albacore tuna in the Indian Ocean under various global climate change scenarios. J. Mar. Sci. Eng., 11: 1565. 

https://doi.org/ 10.3390/jmse11081565  

 

Nieto, K., Xu, Y., Teo, S.L.H., McClatchie, S., Holmes, J. 2017. How important are coastal fronts to albacore tuna 

(Thunnus alalunga) habitat in the Northeast Pacific Ocean? Prog. Oceanogr., 150: 62-71. 

http://dx.doi.org/10.1016/j.pocean.2015.05.004 

  

Nikolic, N., Morandeau, G., Hoarau, L., West, W., Arrizabalaga, H., Hoyle, S., Nicol, S.J., Bourjea, J., Puech, A., 

Farley, J.H., Williams, A.J., Fonteneau, A. 2017. Review of albacore tuna, Thunnus alalunga, biology, 

fisheries and management. Rev. Fish Biol. Fish., 27: 775-810 

https://doi.org/10.1080/01431161.2019.1666317
http://dx.doi.org/10.1046/j.1365-2419.2003.00244.x
https://doi.org/10.3390/rs13142669


 
 

10 

 

Poloczanska, E.S., Brown, C.J., Sydeman, W.J., Kiessling, W., Schoeman, D.S., Moore, P.J. et al. 2013. Global 

imprint of climate change on marine life. Nat. Clim. Change 3: 919-925. doi:10.1038/nclimate1958 

 

Polovina, J.J., Howell, E., Kobayashi, D.R., Seki, M.P. 2001. The Transition Zone Chlorophyll Front, a Dynamic 

Global Feature Defining Migration and Forage Habitat for Marine Resources. Prog. Oceanogr.: 49, 469-483. 

http://dx.doi.org/10.1016/S0079-6611(01)00036-2 

 

Sagarminaga, Y. and Arrizabalaga, H. 2010. Spatio-temporal distribution of albacore (Thunnus alalunga) catches 

in the northeastern Atlantic: relationship with the thermal environment. Fish. Oceanogr. 19(2): 121-134. 

 

Sagarminaga, Y. and Arrizabalaga, H. 2014. Relationship of Northeast Atlantic albacore juveniles with Surface 

thermal and chlorophyll-a fronts. Deep-Sea Res. Part II: Top. Stud. Oceanogr., 107: 54-63. 

 

Santiago, J., 1998. The North Atlantic Oscillation and recruitment of temperate tunas. Col. Vol. Sci. Pap. ICCAT, 

48 (3): 240-249. 

 

Santiago, J., 2004. Dinámica de la población de atún blanco (Thunnus alalunga Bonaterre 1788) del Atlántico 

Norte. PhD Thesis.  

 

Singh, A.A., Sakuramoto, K. and Suzuki, N. 2015. Impact of climatic factor son albacore tune Thunnus alalunga 

in the South Pacific Ocean. Am. J. Clim. Change, 4: 295-312. 

 

Vayghan, A.H., Lee, M.-A., Weng, J.-S., Mondal, S., Lin, C.-T., Wang, Y.-C., 2020. Multisatellite-based feeding 

habitat suitability modeling of albacore tuna in the southern Atlantic Ocean. Remote sens., 12, 2515. 

https://doi.org/10.3390/rs12162515  

 

Williams, A.J., Allain, V., Nicol, S.J., Evans, K.J., Hoyle, S.D., Dupoux, C., Vourey, E., Dubosc, J. 2015. Vertical 

behaviour and diet of albacore tuna (Thunnus alalunga) vary with latitude in the South Pacific Ocean. Deep 

Sea Res. Part II: Top. Stud. Oceanogr., 113: 154-169. doi:10.1016/j.dsr2.2014.03.010 

 

Zainuddin, M., Saitoh, S., Saitoh, K., 2004. Detection of Potential Fishing Ground for Albacore Tuna Using 

Synoptic Measurements of Ocean Colour and Thermal Remote Sensing in the Northwestern North Pacific. 

Geophys. Res. Lett., 31, Article ID: L20311. http://dx.doi.org/10.1029/2004gl021000 

 

Zainuddin, M., Kiyofuji, H., Saitoh, K., Saitoh, S.I. 2006. Multi-sensor satellite remote sensing and catch data to 

detect ocean hot spots for albacore (Thunnus alalunga) in the northwestern North Pacific. Deep Sea Res. Part 

II: Top. Stud. Oceanogr., 53: 419-431. 

 

Zainuddin, M., Saitoh, K., Saitoh, S.I. 2008. Albacore (Thunnus alalunga) fishing ground in relation to 

oceanographic conditions in the western North Pacific Ocean using remotely sensed satellite data. Fish. 

Oceanogr., 17: 61-73. 

 

Zhou, C., He, P., Xu, L., Bach, P., Wang, X., Wan, R., Tang, H., Zhang, Y., 2020. The effects of mesoscale 

oceanographic structures and ambient conditions on the catch of albacore tuna in the South Pacific longline 

fishery. Fish. Oceanogr., 29 (3): 238-251. https://doi.org/10.1111/fog.12467 

 

  

http://dx.doi.org/10.1016/S0079-6611(01)00036-2
https://doi.org/10.3390/rs12162515
http://dx.doi.org/10.1029/2004gl021000
https://doi.org/10.1111/fog.12467


 
 

11 

Table 1. Optimal environmental ranges for different albacore stocks compiled from literature (for bibliographic 

cites refer to the text). NPac. = North Pacific; SPac. = South Pacific; NAtl. = North Atlantic; SAtl. = South Atlantic; 

Med. = Mediterranean; Ind. = Indian. 

Stock SST 

 (ºC) 

SSS  

(psu) 

SSC 

(mg/m3) 

SSH  

(m) 

MLD 

 (m) 

 EKE 

 (m2/s2) 

DO 

 

NPac. 17-21 

15-18 

 0.07-0.29*  0.24-0.84 15-100 0.0001-0.0031  

SPac. 13-22    53-173  0.2-0.5*** 

NAtl. 16-21       

SAtl. 16.5-19.5  0.11-0.33     

Med.         

Ind.  17-19 

16.5-18.5 

25-29 

35.1-35.5 

 

34.8-35.5 

0.1-0.25 

0.07-0.09** 

0.5 

 

0.5-0.7 

60-175   

 

5-5.3 (ml/l) 

*1month lag; **2 months lag; ***mmol/l at 100 m depth 
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Table 2. Potential climate change impacts on different albacore stocks. NAtl. = North Atlantic; BoB = Bay of Biscay; SAtl. = South Atlantic; NPac. = North Pacific; NE NPac. 

= northeastern North Pacific; SPac. = South Pacific; Ind. = Indian; Med. = Mediterranean. 

Stock Size Recruitment Horizontal distribution Vertical distribution Phenology Abundance/ 

Biomass 

Competition 

NAtl.  Decrease1  Poleward shift3   Decrease1,3 Increase 

competition with 

tropical tunas12 

 BoB    Northward shift of the 

CoG of fishing areas5,6 

 Earlier arrival5,6,9  No change or slight 

decrease10 

Increase 

competition with 

tropical tunas12 

    Northward shift of ALB 

habitat6 

    

SAtl. 

 Decrease1  Poleward shift3   Decrease1,3 Increase 

competition with 

tropical tunas12 

NPac.   Decrease2 Poleward shift3   Decrease1  

  
 

    Decrease in young 

abundance2 

 

 NE 

NPac.   

 Northward expansion7    Increase 

competition with 

tropical tunas12 

SPac.  Decrease1  Poleward shift3 Deepening8  Decrease1.3  

  
 

 Southward shift of the 

northern boundary4 

  Increase south of 30ºS4  

  
 

    Decrease in most 

EEZs4 

 

       Decrease until 208011  

Ind.  

 

 Poleward shift3, 13   Decrease1 Increase 

competition with 

tropical tunas12 

Med.    No clear trend3   Decrease1  
1Erauzkin-Extramiana et al., 2023; 2Leung et al., 2019; 3Erauzkin-Extramiana et al., 2019; 4Chang et al., 2021; 5Goikoetxea et al., 2017; 6Chust et al., 2019; 7Christian and Holmes, 2016; 8Williams et al., 2015; 9Dufour 

et al., 2010; 10Yeregui, R., 2023; 11Lehodey et al., 2015; 12Monllor-Hurtado et al., 2017; 13Mondal et a., 2023 
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Figure 1. Albacore adult and immature geographical distribution and potential migrations in the Atlantic Ocean 

and Mediterranean Sea (extracted from Nikolic et al., 2017). 
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Figure 2. Albacore adult and immature geographical distribution and potential migrations in the Indian Ocean 

(extracted from Nikolic et al., 2017). 

 

Figure 3. Albacore adult and immature geographical distribution and potential migrations in the Pacific Ocean 

(extracted from Nikolic et al., 2017). 


