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The submarine seamount chains of Nazca and Salas & Gómez in the Southeast Pacific are areas of high levels of both biodiversity and endemism. The intersection of both ridges is strongly influenced by the Eastern Boundary Upwelling System of the Southeast Pacific and its associated oxygen minimum zone (OMZ). The isolation of individual seamounts and their fragile ecosystems make them extremely vulnerable to any changes in physical and biogeochemical conditions. Here we assess how a number of key physical and biogeochemical variables are projected to change in two climate scenarios using a statistical approach known as quantile regression. This allows the assessment of trends in medians as well as ranges and extremes. Trends in medians show consistent patterns of temperature increase and pH decrease over the entire range of the seamount chains (and entire Southeast Pacific region). Chlorophyll-a appears to show an increase over the majority of the range of the seamounts except at the coast where it decreases. However, the individual seamount chains show contrasting changes for other variables, with the Nazca ridge showing increased oxygen alongside decreasing nutrient levels indicative of decreased upwelling despite contrasting changes in wind stress curl and stratification. Conversely, the Salas & Gómez ridge is projected to see a reduction in oxygen and increased nutrient levels. Alongside these broader patterns in medians, the trends in ranges and extremes are highly variable spatially and less consistent between variables and scenarios. These contrasting changes will provide both advantages and disadvantages depending on the specific species and location of the seamount of interest. These changes present the importance of classifying the desired ranges of the species within these seamount chains and the potentially complex nature of the conservation of these unique but isolated ecosystems.
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1 Introduction

In the Southeast Pacific (SEP) lie two submarine seamount chains known as Nazca and Salas & Gómez that run from the coast of Peru southwestwards before ultimately arriving at Rapa Nui (Easter Island), extending a total distance of ~3000 km (Rodrigo et al., 2014). These seamount chains are of particular importance due to the high levels of endemism of the associated biota and the presence of ecologically important species (Wagner et al., 2021; Gaymer et al., 2025). They also support a broader array of animals throughout the region through the habitats they provide and are thus of high conservation value (Friedlander et al., 2021). The intersection of the Nazca and Salas & Gómez ridges is a zone proposed as a biogeographical transition (Parin et al., 1997; Mecho et al., 2021) where two contrasting oceanographic fronts converge: to the east, the Humboldt Current System (HCS), and to the west, oligotrophic subtropical waters (Dewitte et al., 2021). Due to the highly specific nature of the endemic species and the relative isolation of individual seamounts, alongside restricted and small populations, they are particularly vulnerable to any changes in physical and biogeochemical conditions (Clark et al., 2010; Gaymer et al., 2025).

Ocean physics in the SEP is dominated by the South Pacific Anticyclone (SPA), which drives the trade winds that, in turn, induce the upwelling within this eastern boundary upwelling system. This upwelling of colder nutrient rich waters supports the high levels of productivity in the region, making the SEP one of the most productive eastern boundary upwelling systems in the world (Messié and Chavez, 2015). The region has already shown some changes regarding the specific location of the SPA (Weidberg et al., 2020; Aguirre et al., 2021). Projections show this southward shift in the mean location of the SPA is expected to continue (Dewitte et al., 2021). This is associated with projected shifts in mean circulation patterns, which could potentially impact the spatial distributions of key environmental parameters. The impacts of these potential environmental variable changes have already been explored in one study using one CMIP5 model, where the changing metabolic patterns associated with temperature and oxygen were assessed, showing primarily oxygen-based constraints (Parouffe et al., 2023). A broader range of key biogeochemical variables have yet to be fully explored, especially in the latest CMIP6 models.

Changes in the biogeochemistry of the area under a climate change scenario could have enormous impacts on marine biodiversity in general, from primary producers to top predators, both in the benthos and the pelagos. This can impact species distributions and abundances, as recently shown by Gaymer et al. (2024) for several benthic and pelagic species that have crucial ecological, economic and cultural roles in Rapa Nui. Changes of ecologically important species can severely affect marine ecosystems as we know them today with the potential for significant ecosystem restructuring, including by the replacement of niche species, or by ecosystem collapse (e.g., Hare and Mantua, 2000; Wernberg, 2021).

Understanding how ranges are changing over time is crucial to assessing the impact on ecosystems, for example, through the use of species distribution modelling (e.g., Massimino et al., 2017). Studies into the expected ranges of biogeochemical variables have shown potential impacts of climate change, examples include SST, carbon dioxide concentrations, and Chl (Alexander et al., 2018; Landschützer et al., 2018; Zhai et al., 2024). Indeed, changes in variance are expected across all aspects of Earth’s climate, including both physical and biogeochemical variables (Widlansky et al., 2020; Rodgers et al., 2021; Elsworth et al., 2023). In addition, species are expected to be increasingly impacted by extreme events, either by a single stressor or by a combination of multiple (Le Grix et al., 2021; Burger et al., 2022; Hauri et al., 2024). As such, when studying changes, it is crucial to understand how the whole distribution is changing over time.

Due to the importance of monitoring how the distributions of variables of interest are impacted by climate change, we will use a quantile regression technique (Koenker and Bassett, 1978). This provides additional information when compared to the typical approach of linear regression for trend estimation, which could potentially be misleading if parts of the distribution are moving in opposite directions (e.g., Sankarasubramanian and Lall, 2003; Tareghian and Rasmussen, 2013). Quantile regression allows for the estimation of responses at each of a number of specified quantile levels as a proxy for assessing change in the whole distribution of a given variable over time.

This study aims to investigate changes in physical and biogeochemical conditions that may be affecting the seamount chains of the SEP using a number of CMIP6 models climate projections under the SSP245 and SSP585 scenarios. The chosen quantile regression method will allow the assessment of changes in average values as well as their ranges and extremes.




2 Materials and methods

The main focus of this study is on the submarine seamount chains of Nazca and Salas & Gómez, however, a larger domain will be used for the study area to understand the broader region and how effects elsewhere may be impacting the seamount chains, as such the entire domain runs from 50°S to 10°N and extends longitudinally from the coast to 120°W. Data from the surface to 600m depth is considered; this covers the depth range where the majority of the seamount summits are present and represents where the majority of biological and physical observational data will be collected in the future. Variables that were used for consideration cover the primary stressors expected to impact life on the seamounts and include temperature, salinity, O2 (dissolved oxygen), pH, CO3 (carbonate), NO3 (nitrate) and Chl (Chlorophyll-a). Temporally, two periods were used: 1950-2014 (i.e., of the historical scenario), note that 1950 was chosen as the lower limit as this allowed the period to be directly validated with observations; and the period 2014-2100 using climate projections under low and high emissions scenarios (SSP245 and SSP585 respectively). These extended time periods allow for climate change driven trends to be distinguished from natural background variability (Henson et al., 2016), Model data from four separate CMIP6 models and their ensembles were used, see Table 1 for details, all downloaded from the ESGF portal (Eyring et al., 2016). Trends were estimated for each model after averaging across all available ensembles, to avoid giving undue weight to models with more ensembles. The results are presented as multi model averages of the trend on a grid that matches that of the highest resolution in horizontal (CNRM-CM6-1-HR: ~0.25°) and vertical (CESM2: 35 levels between 0 and 600 m, spacing increasing from 5 to ~50 m) space. The models were individually validated against all available observations within the domain taken from the World Ocean Database 18 (Boyer et al., 2018) - see supplementary information.


Table 1 | List of CMIP6 models used in the study and their key details and references.



In order to estimate change in the distributions of our variables of interest, we use quantile regression (Koenker and Bassett, 1978). Here we choose 5 quantile levels (q) to assess: 5%, 25%, 50%, 75%, and 95%. These range of values allow assessment of trends in the median, inter-quartile range (IQR) (i.e., the difference between the 25% and 75% quantiles, representing the centre 50% of the distribution), and high and low extremes. The quantile regression model we use is expressed as:

	

where the conditional quantile ( ) varies as a function of the intercept (αq) and slope (βq) again both at a given quantile, observations at time (t= 1,2,…,n) (months). The parameters of the regression model for each (q) quantile are estimated by minimising the tiled absolute value function.

Many natural variables can be expected to demonstrate serial autocorrelation in their time series. Such autocorrelation has been previously shown to bias trend detection if not properly accounted for in the cases of both linear (Beaulieu et al., 2013) and quantile (Huo et al., 2017; Koenker, 2017) regression. As such, we first test for autocorrelation, and if it is detected, the time series is then transformed to correct for the autocorrelation, following the methodology employed by Zhai et al. (2024). The approach assumes that residuals in the time series can be represented by a first order autocorrelation (AR(1)) model. To test if autocorrelation is indeed present a QF test, a residual based autocorrelation test, is employed (Huo et al., 2017). If the QF test is positive and serial autocorrelation is shown to be present in the residuals, the time series is then transformed following Cochrane and Orcutt (1949).




3 Results



3.1 Trends for the South East Pacific

First, the spatial patterns of trends in the median were assessed across the whole region at 300 m depth, the half way point of depths analysed, except for Chl which was analysed at the surface (Figure 1). Inter-model uncertainty was also assessed for all trends - see Supplementary Information. A number of variables show trends of the same sign across the whole region, namely temperature showing increases and decreases in both pH and CO3. Salinity shows a positive trend over the north and east of the region, largely associated with the Humboldt system upwelling region (called hereafter upwelling region), showing a decrease in the rest of the domain. Oxygen shows an overall decreasing trend in the domain except in the core OMZ region in the junction between Chile and Peru, which includes the Nazca ridge, where it shows an increase. Chl shows a decrease at the coast, with an increase over the majority of the rest of the seamount chains, strongest at the edge of the South Pacific Gyre, although no trend is observed in its centre. There is general agreement between the two climate scenarios in all cases.




Figure 1 | Key variables at 300 m depth across the region. The black line shows the approximate chord along the seamount chains. The leftmost column shows the median values for the historic period. The middle column shows trends in the median over the SSP245 period. And the rightmost shows trends in the median over the SSP585 period. Insignificant trends are considered as 0 (i.e., in white).



Trends in the IQR over the same domain and depth were also assessed (Figure 2). A markedly less consistent pattern between the two climate scenarios and individual variables is seen. Of the spatial patterns in trends that are more consistent: temperature shows an overall positive trend in IQR towards the coast, particularly in the SSP585 scenario. Salinity shows a generally positive trend in the 20°S to 40°S latitude range, the western portion of this appearing to relate to the location of the South Pacific Gyre. Oxygen concentration appears to show a decrease in IQR centred around the transition zone between the two seamount chains, likely associated with the edge of the OMZ. Carbonate concentration appears to show a negative trend in IQR over the Salas & Gómez ridge, although in this case, it is not matched by a similar decrease in the IQR of pH. Nitrate concentration appears to show a trend towards increased IQR over the upwelling region and a decrease in the rest of the domain. Chl seems to show no IQR trend in the SSP245 scenario, and only scattered increases and decreases in the SSP585 scenario.




Figure 2 | Key variables at depths of 300 m across the region. The black line shows the approximate chord along the seamount chains. The leftmost column shows the IQR values for the historic period. The middle column shows trends in IQR over the SSP245 period. And the rightmost shows trends in IQR over the SSP585 period. Insignificant trends are considered as 0 (i.e., in white).



Finally, trends in the low and high extremes (5% and 95% quantiles) were assessed (Figure 3). Compared to the IQR and median, trends in the extremes show even less consistency between the climate scenarios and individual variables. Of the more consistent patterns, temperature shows an increasing trend in both scenarios at both ends of the distribution, indicative of the whole distribution shifting. Nitrate concentration appears to show a decreasing trend for the 5% quantile over the upwelling region and an increase over the rest of the domain. Chl appears to show a contraction of the extremes (i.e., towards a distribution with reduced tails) with a negative trend in the high extremes and positive trend in the low extremes, particularly centred towards the eastern end of the Salas & Gómez ridge.




Figure 3 | Key variables at depths of 300 m across the region. The black line shows the approximate chord along the seamount chains. The two left columns show changes in the 5% quantile. The two right columns show trends in the 95% quantile. For each pair, the left column shows trends over the SSP245 period and the right column shows changes over the SSP585 period. Insignificant trends are considered as 0 (i.e., in white).






3.2 Trends with depth along the seamount chains

Following the assessment at 300 m depth across the whole region, trends in the median were evaluated along the two seamount chains at depths between 0 and 600 m (Figure 4). Similarly to the regional plots of median trend, temperature shows an increase at all depths, while pH and CO3 show a decrease across all depths. In general, salinity shows a positive trend in the median, except in a subsurface core towards the centre of the region, which shows a negative trend. Oxygen generally decreases, except in the OMZ where it shows an increase. Nitrate concentration shows a positive trend in the median in areas that had low values in the historical period, i.e.,. towards the surface and West, and a decreasing trend where values were previously highest, i.e., towards the deep and East.




Figure 4 | Key variables with depth across the length of the combined seamount chains. The leftmost column shows the median values for the historic period. The middle column shows trends in the median over the SSP245 period. And the rightmost shows trends in the median over the SSP585 period. Insignificant trends are considered as 0 (i.e., in white). The solid black line indicates the depth of the median value in the historical period. The dashed black line indicates the depth of the oxycline.



Similarly to the regional patterns in IQR trends, trends in IQR along the cross-section do not show much of a consistent pattern (Figure 5). The historical IQR subplots reveal an area of increased IQR that extends diagonally from shallow depths in the East to deeper depths in the West. This feature likely reflects the boundary of the upwelling/OMZ, indicating variability in the exact location over time. Notably, trends in the IQR of oxygen concentration show a negative trend in this particular zone, closely matched by an increase towards the West and at slightly shallower depths. pH and nitrate concentrations appear to show a related change, although with less consistency.




Figure 5 | Key variables with depth across the length of the combined seamount chains. The leftmost column shows the IQR values for the historic period. The middle column shows trends in IQR over the SSP245 period. And the rightmost shows trends in IQR over the SSP585 period. Insignificant trends are considered as 0 (i.e., in white). The solid black line indicates the depth of the median value in the historical period. The dashed black line indicates the depth of the oxycline.



Trends in the extreme quantiles (Figure 6) do appear to show more consistency as compared to the regional assessment. For the trends in the extreme quantiles of temperature and salinity, both the 5% and 95% quantiles are increasing over the majority of the cross section, indicating a shift in the whole distribution towards higher values, although note the negative movement in the median of salinity towards the centre of the region in the previous section. Carbonate concentration shows an overall decrease in both extreme quantiles across both scenarios. Oxygen concentration shows a positive trend in the 5% quantile and decrease in the area of historically highest IQR, consistent with the trends in IQR showing a narrowing distribution here. Towards the surface, nitrate concentration shows a negative trend in the 5% quantile and positive trend in the 95% quantile indicative of an increased likelihood of both extremes. At depth towards the East, the nitrate concentration trends in both extremes show an overall decrease, possibly linked to changes in upwelling.




Figure 6 | Key variables with depth across the length of the combined seamount chains. The two left columns show changes in the 5% quantile. The two right columns show trends in the 95% quantile. For each pair,the left column shows trends over the SSP245 period and the right column shows changes over the SSP585 period. Insignificant trends are considered as 0 (i.e., in white). The solid black line indicates the depth of the median value in the historical period. The dashed black line indicates the depth of the oxycline.







4 Discussion

This manuscript addresses changes in physical and biogeochemical conditions along the Nazca and Salas & Gómez submarine chains in the SEP, evaluating climate projections from CMIP6 models under the SSP245 and SSP585 scenarios.

The key variables showing spatially constant trends in the median are the temperature increases and pH/carbonate decreases. These are consistent in direction with the findings in Dewitte et al. (2021). pH changes are expected to impact a number of the endemic species in the region, particularly those that precipitate calcium carbonate (Hofmann et al., 2010). Temperature changes would be expected to provide a particular constraint on metabolism, especially outside the OMZ, where oxygen has been shown to be the dominant constraint (Parouffe et al., 2023). Increasing temperature is also generally expected to impact ectotherm phenology, geographic distribution and lead to a reduction in species body size (e.g., Ohlberger, 2013).

The other main pattern of changes relates to the OMZ/upwelling region, where oxygen concentration is projected to increase and nutrient availability decrease. The changes in oxygen are consistent with trends observed in the CESM-LE (Community Earth System Model - Large Ensemble) (Dewitte et al., 2021; Parouffe et al., 2023). We note that there appears to be negligible change in wind speed over the region in the SSP245 scenario, and although there are increases in the SSP585 scenario, they are focused away from the core of the oxygen minimum zone (Figure 7). However, wind stress curl (Figure 8), at least in the SSP585 scenario, shows trends towards increasing Ekman suction over the Nazca seamount chain, indicative of an increase in upwelling. Other research has noted a weak increase in upwelling favourable winds (Chamorro et al., 2021). Conversely, strong surface temperature increases (Figure 4) may be enhancing stratification and which is an opposing control on upwelling. Mixed layer depth (MLD) is predicted to shallow over the extent of the Nazca ridge (Figure 9). Eastern boundary upwelling systems have generally seen an increase in wind-driven upwelling leading to broader (e.g., Frederick et al., 2024) and stronger (e.g., Chan, 2019) OMZs although others have noted this conflict between temperature and wind-driven controls (e.g., Dewitte et al., 2021). These conflicting trends may ultimately lead to a partially compensatory effect of climate change impacts on productivity. Alongside this change in intensity, there appears to be changes in variability along the boundary of the OMZ, as represented by the oxycline, with increased variability at shallower depths and to the west and decreased variability at deeper depths to the east (Figure 5). This change in variability may relate to changes in subsurface mesoscale activity along the border; such dynamics have been shown to have an important role at the border of the Peruvian OMZ (Bettencourt et al., 2015).




Figure 7 | Changes in wind speed and direction over the region. The black line shows the approximate chord along the seamount chains. The leftmost column shows the values for the historic period. The middle column shows trends over the SSP245 period. And the rightmost shows trends over the SSP585 period. The top row shows medians and the bottom row IQR. Insignificant trends are considered as 0 (i.e., in white).






Figure 8 | Changes in wind stress curl over the region. The black line shows the approximate chord along the seamount chains. The leftmost column shows the values for the historic period. The middle column trends over the SSP245 period. And the rightmost trends over the SSP585 period. The top row shows medians and the bottom row IQR. Insignificant trends are considered as 0 (i.e., in white).






Figure 9 | Changes in MLD (Mixed Layer Depth) over the region. The black line shows the approximate chord along the seamount chains. The leftmost column shows the values for the historic period. The middle column trends over the SSP245 period. And the rightmost trends over the SSP585 period. (Blue indicates a shallowing MLD). The top row shows medians and the bottom row IQR. Insignificant trends are considered as 0 (i.e., in white).



These upwelling-related changes appear to lead to contrasting trends between the two seamount chains, as the boundary between them also happens to lie at the edge of the upwelling zone (Figure 10). This means that for the Salas & Gómez chain, where nutrients are already lower due to the presence of the South Pacific Gyre, an increase in nutrient variability and Chl concentrations will be beneficial, although a decrease in oxygen concentrations may start to impose metabolic constraints, even if oxygen concentrations should still be substantially above hypoxia. Conversely, the Nazca chain, where nutrients in the historical period were more abundant, may start to suffer nutrient limitation, while oxygen constraints may be relaxed. Jack mackerel (Trachurus murphyi) have a nursery area in the region of the Nazca seamount chain and have been shown to avoid low oxygen zones (Bertrand et al., 2016), so this may well increase their distribution here. However, the resident fauna of the OMZ of the Nazca Ridge could be affected by modifications in the trophic web or the entry of competing non-resident fauna, through distribution changes.




Figure 10 | Conceptual model of current conditions and potential future changes and their effect on benthic fauna. The blue polygon represents the EBSA (Ecologically or Biologically Significant Areas) of the Salas & Gómez and Nazca Ridges. OMZ, Oxygen Minimum Zone; HCS, Humboldt Current System; SPG, South Pacific Gyre.



The models show changes in the physical and biochemical conditions at the intersection of the Nazca and Salas & Gómez ridges, a zone proposed as a biogeographical transition (Parin et al., 1997; Mecho et al., 2021), where two contrasting oceanographic fronts converge: to the east, influenced by the HCS, and to the west, by oligotrophic subtropical waters (Dewitte et al., 2021). Along the Salas & Gómez ridge, the intersection is the area with the highest diversity of mesophotic communities. Changes in oxygen, temperature, and nutrient conditions could alter community structure, connectivity patterns, and the bathymetric and longitudinal distribution of both invertebrates and vertebrates (Bertrand et al., 2016). The projected increase in temperature and Chl, and decrease in pH across the entire SEP region, as indicated by our results, will also have significant implications for seabirds. Warmer waters can alter the distribution and abundance of prey species, which is crucial for seabirds’ foraging success. For example, studies by Lerma et al. (2020) and Serratosa et al. (2020) highlight the importance of oceanographic conditions in shaping the foraging ecology and at-sea distribution of seabirds. The increased variability and extremes in physical and biogeochemical variables will expose seabirds to more frequent and severe environmental stressors. This heightened variability can disrupt the stability of seabird populations, as they may struggle to adapt to rapid changes in their environment. Plaza et al. (2021) observed temporal changes in seabird assemblage structure and trait diversity in Rapa Nui, highlighting the sensitivity of seabird communities to environmental fluctuations.

The prediction that nutrients will increase, and dissolved oxygen will decrease westwards and the opposite eastwards, poses an interesting scenario, where the traditionally ultraoligotrophic Salas y Gómez ridge will tend to face conditions more like those present in the Nazca ridge. This means that some species and biogeographic breaks could move westwards and thus conservation measures should consider future changes in biodiversity composition. Due to these types of changes, conservation tools such as mobile protected areas have been suggested for mobile species (Maxwell et al., 2020). Although hard to enforce, mobile protected areas could be useful for highly mobile fishes, sea turtles, seabirds and marine mammals. However, benthic sessile species that dominate both ridges are not able to migrate and will have to either adapt to changes in conditions or extend their distribution ranges. Thus, adaptive management strategies will be needed when planning for conservation measures such as those suggested in Gaymer et al. (2025).

Although changes in the median do appear to show clear patterns in the region that are consistent between the investigated climate scenarios, when trends in the IQR and high and low extremes are investigated less spatially consistent patterns are seen; indeed, changes in ranges and extremes appear likely to affect small portions of the investigated seamount chains, making broader conclusions hard to draw. The origin of this increased variability is likely from an increase in transitory events such as fronts and eddies that are increasing in activity as a result of temperature increases and associated changes in wind and current magnitude and directions. Such changes have been noted to be complex and multi-faceted globally, although changes in this region are projected to be smaller than others (Beech et al., 2022). Frontal probability has been noted to be increasing in sub-regions of the SEP (e.g., Oerder et al., 2018). Note that the available resolution of the CMIP6 models used may impact the size and location of these individual sub-regions as a response to the smaller scale meso and submesoscale events which are likely underrepresented here.

The CMIP6 models used here are of relatively coarse resolution compared (¼ ° - 1°) to regional models (typically ≤ 1/10°) meaning that mesoscale and submesoscale features, including eddies, vortices, fronts, and filaments, are likely not to be represented properly despite being an important source of variability. This may be of particular importance along the edge of the OMZ and with dynamics around the individual seamounts themselves, i.e., similar to the island mass effect; their topography has been shown to affect circulation patterns and enhance vertical mixing (Vic et al., 2019) locally increasing nutrient concentrations (Rowden et al., 2020). These finer scale dynamics would likely lead to increased variability than is seen here, and may also change average patterns. Likewise, eddies are seen as a possible source of deoxygenation and nutrient supply away from the coastal zone towards the deeper ocean (D’Ottone et al., 2016). Unfortunately, at this stage, CMIP6 models with sufficient biogeochemical variables are limited; regional models of higher resolution that include climate projections should be explored to understand potential changes and impacts in these features on biogeochemistry and, thus, ecology.




5 Conclusions

This study focused on assessing trends in climate projections for a number of key variables, both physical and biogeochemical in the seamount chains of Nazca and Salas & Gómez in the Southeast Pacific. We used output from a number of CMIP6 models over both low (SSP245) and high (SSP585) emission scenarios and analysed these using a quantile regression approach to understand changes in average, ranges, and extremes.

Our findings indicate that for the entire region at depths to 600 m, temperature is projected to increase in both scenarios associated with a corresponding increase in acidity (i.e., decrease in pH). Alongside these overall changes for the entire domain, the contrast between the coastal upwelling system, covering the Nazca ridge and an open ocean regime, covering the Salas & Gómez ridge are seen. These show an increase in nutrients and a decrease in oxygen over the Salas & Gómez ridge and the opposite over the Nazca ridge (Figure 10). These trends appear to be linked to changes in upwelling strength through the competing impacts of enhanced temperature-driven stratification and wind stress curl. Chl does not appear to show trends closely tied to that of nutrients or wind showing an increase along the ridges except at the coast where it decreases. Changes in IQR and extremes show increased spatial variability and lower coherency over the entire region when compared to the median, although patterns are indicative of changing variability along the boundary of the OMZ. Overall, these results show significant changes, smaller than the inter-model uncertainty, for these seamount chains and the entire South East Pacific, although the complex nature of changes in the trends in ranges challenges the development of an overall conservation approach.

Future work should focus on assessing how these changes in physical and biogeochemical variables will impact these organisms by using the trends here as input for changes in a species distribution modelling approach. Following this, application of regional modelling for assessing climate projections can be used to understand the different impacts on the variability and average state from broader-scale to mesoscale and submesoscale features such as fronts and eddies.
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