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SDG 14: Life below water. Conserve and sustainably use the oceans, seas 

and marine resources for sustainable development 

 

Introduction 

 

Our planet is blue. Seas and oceans cover more than 70% of the Earth’s surface. Although 

humans are terrestrial organisms – we live on the continents, like on large islands – our 

existence is closely tied to the water on our planet. Oceans provide us with water, food, energy, 

and a range of natural resources. They are used as trade and communication routes. Apart from 

these, they serve as climate and weather regulators by acting in the global water cycle. They 

provide environments for the countless biodiversity of living creatures – animals, plants, fungi, 

and microorganisms – ranging from sunny beaches to dark and cold deeps. 

Researchers face challenges while exploring life in water, partly due to the water’s 

physical characteristics – e.g., its density, the pressure that increases with depth, along with 

light absorption and scattering (which vary by wavelength) that complicate direct observations. 

Fortunately, growing scientific and technical abilities enable us to investigate life in oceans 

better than ever in our history, allowing us to learn about processes hidden in the waters that 

influence our existence on our planet. Also, to estimate how the impact of human activity 

changes the water environment, and what consequences will come back to us. Healthy oceans, 

and, in general, a healthy hydrosphere, are crucial for our survival on Earth. By studying the 

“Life Below Water” chapter, you will become an environmentally responsible citizen of our 

planet.   

 

1. Brief (hi)story of Earth and water 

 

The Earth, the third planet in the Solar System, is known as a "Blue Planet1”. Although 

its surface contains gases of the atmosphere, rocks of the lithosphere (both continental and 

 
1 Blue is the most common color of ocean water - this is a result of physics of light and the wavelengths of 

components of the visible spectrum. The red light (longer wavelength) is a color the most easily absorbed by the 

water column, while blue (shorter wavelength) penetrates water much deeper, gets re-emitted after interaction with 

water particles – in result the scattered back to an observer color looks blue (especially if water is deep enough; 



 

oceanic crusts), and water of the hydrosphere, the latter one in the form of oceans, cover more 

than 70% of our planet (e.g., NOAA 2025a). The oceans also contain the vast majority of the 

total planet’s liquid water (about 1,338,000,000 km3 - thus more than 95% of the total 

1,386,000,000 km3) and provide the primary source of water for evaporation, condensation in 

clouds, and future precipitation in rain, playing important role in so-called water cycle (e.g., 

Duxbury, Duxbury & Sverdrup 2002; Meran, Siehlow & von Hirschhausen 2021; Shiklomanov 

1990). Nevertheless, the mass of ocean water is only a minute fraction of the total mass of our 

planet (about 0.02 %), and it covers only a skinny surface layer of the uppermost part of the 

planet’s lithosphere, the crust. The average depth of all oceans is only 3,682 m. The deepest 

site, Challenger Deep, discovered within the Mariana Trench (Pacific), reaches so much, and 

still only about 10,925 meters below the ocean’s surface (Genda & Ikoma 2008; NOAA 2024a; 

Stewart & Jamieson 2019). This means there is an average of just 3.7 km of water and, in 

maximum, almost 11 km of water on the surface of the sphere with a radius of nearly 6,400 km 

(Mamajek et al. 2015). 

 

Why is there water on Earth? 

 

The question of the origin of water on Earth is not easy to resolve. Earth’s age is 

estimated to be 4.55 Ga (e.g., Allègre, Manhès & Göpel 1995; NASA 2025). Evidence from 

ancient zircon isotopes indicates the presence of liquid water interacting with the crust by 4.3 

Ga (Mojzsis, Harrison & Pidgeon 2001; Pinti 2005), which later created conditions favorable 

for the evolution of life (evidenced already by fossils of microbial structures age 3.7 Ga; Dodd 

et al. 2017; Nutman et al. 2016). Its presence can be explained by an internal (indigenous origin) 

model, resulting from the planet’s formation processes that trapped the water in mantle minerals 

(if Earth’s orbit allows hydrous phases to be stable). But because of its location in the early 

Solar System, the early Earth was believed to reach too high temperatures to support the water 

in the hydrous phase. Therefore, the exogenous explanation, which includes comets and 

asteroids (chondrite meteorites), which are now believed to be the main source of water, is a 

viable way to supply water to the Earth after it had formed (Drake 2005; Marty 2012; Meech 

& Raymond 2019; Piani et al. 2020; Sarafian et al. 2017). A current consensus interpretation 

assumes a combination of sources rather than a single source from those listed above (with the 

majority delivered by meteorites; Wu et al. 2018). Water could then be released through e.g., 

volcanic activity, the outgassing (e.g. Drake 2005; Grott et al. 2011) to become a part of the 

 
also the salinity and temperature of water may influence the light absorption coefficient [see Pope and Fry (1997), 

Röttgers, McKee and Utschig (2014)]). 



 

initial atmosphere, and when the temperatures on Earth’s surface dropped, the water vapor 

condensed and formed the first liquid oceans (Abe 1993; Abe & Matsui 1985; Mojzsis, Harrison 

& Pidgeon 2001; Pinti 2005). 

The proper position of Earth’s orbit in the so-called habitable zone around our Sun (the 

appropriate distance) ensures the presence of liquid water on the surface (Kasting, Whitmire & 

Reynolds 1993). Together with the proper position, the Earth’s rotation and atmosphere 

composition (especially the heat-trapping gases like water vapor, carbon dioxide, or methane 

responsible for a so-called greenhouse effect2) ensure the temperatures on the surface are warm 

enough to sustain the oceans in their liquid state (Duxbury, Duxbury & Sverdrup 2002; Smith 

2008). Although the volume of water on Earth remains constant, the thermal energy of the Sun, 

combined with the Earth's gravity, causes the continuous movement of water particles, thereby 

ensuring the global water cycle. 

  

How is water cycling on Earth? 

 

The water on Earth is in continuous motion. It circulates naturally mainly due to the 

energy of solar radiation, which leads to evaporation from the surface of the oceans and other 

water sources. Liquid water changes into vapor, forms clouds, and then it may recondense back 

into liquid (and gravity drives its downward flow). It may happen in the same place or 

elsewhere, due to the wind transportation in the atmosphere (e.g. Perlman & Evans 2019; Fig. 

1). According to Oki and Kanae (2006), nearly 90% of the water that evaporates from the 

oceans, precipitates back into them, and only a small fraction is transported in the atmosphere 

over terrestrial areas. The water from the rain lacks sea salt, so it is freshwater. It soaks the 

ground, infiltrates into the groundwater, fills lakes, wetlands, and human-made reservoirs (e.g., 

dam pools, agricultural irrigations). Where temperatures are low, it forms permafrost, snow and 

ice, or glaciers that eventually melt. The water surplus runs off on the terrain surface, and in the 

streams and rivers, it comes back to the seas and oceans. During all these processes, it 

evaporates back into the atmosphere too (Oki & Kanae 2006; USGS 2025). Part of the water is 

temporarily trapped in bodies of living organisms (which can live in any of the above-listed 

environments). The process is called the water cycle or hydrological cycle and plays an 

important role in climate regulation on our planet (e.g. the water vapor is a greenhouse gas in 

 
2 The natural greenhouse effect is a characteristic feature of the Earth, as consequence of the atmosphere and its 

composition. The gases in atmosphere act as a shield that trap the heat provided by the Sun and keep the surface 

warmer than it would be without them, so water can occur in three states of matter including its liquid state (average 

surface temperature is c.a. 15oC, thus about 33oC more than expected for Earth without greenhouse effect; Smith 

2008). Do not confuse this phenomenon with a human-induced changes in the composition of the atmosphere and 

the anthropogenic-origin greenhouse effect.  



 

the atmosphere and may act in a positive feedback loop: the higher the temperature is, the more 

evaporation occurs, so more vapor is in the atmosphere and temperature rises more…; e.g. 

Trenberth 2011). Oki and Kanae (2006) expect the climate change to accelerate the global 

hydrological cycle with the growth of precipitation worldwide. 

 

2. Water as an environment for life 

 

What is water, in the context of life? 

 

Humans are terrestrial and air-breathing organisms; this fact poses a challenge to direct 

observations. The anthropogenic attempt to observe life below water is biased by the biology 

of an observer. This implies that our understanding of what happens below the water surface 

still is quite unsatisfying, and such research requires tools that allow deep-sea investigations - 

which were developed relatively recently in our history (e.g. Barber and Hilting 2000). Despite 

this, we use water’s properties to define temperature in everyday life: in the Celsius scale, 

historically, 0 °C corresponds to the melting point of ice (at standard atmospheric pressure).  

First, water is essential for the survival of all known living beings, serving as both the 

background matrix and an actor in cell and organism physiology, biology, and ecology (Chaplin 

2006). Many of these creatures live in water, as in their environment. Oceans, seas, and 

freshwater environments provide diverse habitats that can be summarized into three general 

types: shallow bottoms with good daily light access (littoral or shallow shelf area), vast open 

waters (pelagic), and the deep, dark, and cold bottoms of reservoirs (benthic; to be explained 

later in this chapter). Organisms inhabiting these environments can be grouped into three main 

categories: plankton – those drifting with masses of water (like phytoplankton, krill, or some 

larvae of sessile species); nekton – actively swimming organisms found both in shallow and 

pelagic waters (including fish, mammals and mollusks); and benthic – diverse organisms 

associated to seafloor environments (either sessile or bottom-dwelling, ranging from cnidarians 

like corals, to echinoderms and mollusks) – they are present in all variables and depths of 

bottoms in the ocean (e.g. Cox, Moore & Ladle 2016; Duxbury, Duxbury & Sverdrup 2002).  

Life evolved in water. The majority known evolutionary lineages of living organisms 

today, including prokaryotes (a broad group of microbes: bacteria and archaea) and eukaryotes: 

protists, plants, fungi, and phyla of animals, have their representatives living in water (e.g., see 

tree of life in Brusca, Moore & Shuster 2016; Paps et al. 2023). Nevertheless, even if majority 

of known phyla and classes contain marine creatures, when considering the macroscopic 



 

organisms only, just about 15%3 of known, named species live in marine environments, with 

some groups like echinoderms, cephalopods, or corals that remained exclusively in seawaters 

(see summary of distribution of biodiversity among the oceans, lands, and freshwater habitats 

in Grosberg, Vermeij & Wainwright 2012). The diversity of species decreases with depth of the 

water and with latitude (with distance from the tropics; Costello & Chaudhary 2017; Cox, 

Moore & Ladle 2016). The oceans (theoretically) provide an unlimited and large area of water. 

The relative homogeneity of the significantly large part of the oceans – the open waters of the 

pelagic zone – may explain the scarce species diversity (as habitat complexity promotes 

biodiversity; Leite Jardim et al. 2025). At the same time, the shallow seafloor may offer a three-

dimensional landscape complexity that improves the diversity of life, with coral reefs serving 

as hot spots4 of marine biodiversity, hosting about one-fourth to one-third of total marine 

diversity (and members of 32 of 34 worldwide recognized phyla) on an area of about 1% of 

seafloor (NOAA 2024e; Sobha, Vibija & Fahima 2023). 

Second, water on Earth exists in three states: solid (ice), liquid, and vapor. In standard 

atmospheric pressure conditions (1013.25 hPa), ice melts at 0 °C 5 (so it undergoes a change of 

state), and a liquid pure water boils at 100 °C, producing a vapor state. Each of these phase 

transitions requires energy (heat) to be supplied – the opposite direction is possible after energy 

is lost. Under Earth’s conditions, there are very few environments where water reaches 100 °C. 

Nevertheless, liquid water evaporates into vapor in temperatures below 100 °C – in this case, a 

sample of cooler water must receive more energy than a similar sample of hotter water 

(evaporation is a different process than boiling; it happens on the water surface when water 

molecules receive enough energy to be released to the air, and in the majority do not come back; 

see (Duxbury, Duxbury & Sverdrup 2002; USGS 2019). However, this character is fundamental 

for evaporation over oceans in the water cycle, or any of drying processes – from the water 

puddles and ponds, to the wet surfaces of organisms like moisture or our sweat from the skin, 

or wet feathers of some diving birds like cormorants (e.g. Baker 2019; Kadlec 2006; Rijke 

1968; Srinivasan et al. 2014). Evaporated water loses heat when condensing and becomes rain. 

Temperatures of evaporation and freezing are, respectively, slightly higher and lower when the 

water is marine (salted). To warm up a sample of water, the energy must first break the 

intermolecular connections (bonds) between the water molecules – as a result, most of the 

 
3 16% known species, according to Costello and Chaudhary (2017). 
4 Exceptionally rich in species areas of the world (Cox, Moore & Ladle 2016). 
5 The phase transition between ice and liquid water also involves a volume change (resulting from density 

differences). As water freezes, its volume expands, and because of this process, it may harm living organisms by 

rupturing their cells (besides, the biological reactions require water in its liquid state). However, even in the glacial 

environments, some organisms are adapted to freezing temperatures, e.g. Elster and Benson (2004), Muldrew et 

al. (2004)). 



 

energy is involved in this action to allow molecules in the sample to move, and the energy is 

released back while cooling, slowing down the molecules. This molecular mechanism underlies 

the feature of water called high heat capacity – meaning that when water absorbs or loses large 

quantities of heat, its temperature changes only slightly (it warms up slowly and cools down 

slowly). As a result, the temperatures of water reservoirs are much more constant than terrestrial 

environments in the same climatic zone. This leads to the third part – the molecular aspects of 

the water particle. 

Third, the properties of water molecules determine the crucial physical parameters of 

liquid water, which are essential for life. The hydrogen-oxygen-hydrogen (H2O) bond angle is 

105 °, which makes the molecule polar, which underlines the water molecule’s tendency to form 

dynamic clusters in the liquid state (e.g. Stillinger 1980). The sticking of molecules (by 

hydrogen bonding) leads to significant water features and physical anomalies. These are: large 

heat capacity, which, e.g., stabilizes the Earth’s climate (because water warms up slowly in 

summer and cools down slowly in winter), and the occurrence of maximum density at about 4 

oC6 , which means that the ice is floating over the water (not freezing from bottom up, allowing 

the organisms to survive in deep liquid waters during winters). The same molecular property 

underlies the high surface tension of water, which allows some organisms to walk or live on its 

surface (Kontogeorgis et al. 2022). Viscosity – another result of clustering of molecules – and 

related features are important for life in water because it affects the active and passive 

movement of organisms (an actively swimming organism has a streamlined shape, while a 

passively moving organism may have a large surface area to remain suspended in the water 

column), the feeding of filter-feeding animals, as well as the spatial distribution of 

concentrations of various substances and temperature gradients in the environment (Duxbury, 

Duxbury & Sverdrup 2002; Lampert & Sommer 1996). Therefore, land (air) and water 

environments differ in fundamental physical properties: heat capacity, viscosity, medium 

density, and transparency, as well as, e.g., gases concentrations, and these have essential 

importance for the evolution of life and adaptations of living organisms (Grosberg, Vermeij & 

Wainwright 2012). 

 

 

 

 
6 Strictly speaking, this value is 3.98 oC. According to summary by Duxbury, Duxbury and Sverdrup (2002) , the 

density (g/cm3) of pure water in different temperatures is as follows: ice (0 oC) 0.917; liquid water (0 oC) 0.99984; 

water (3.98 oC) 1.0000; water (10 oC ) 0.9997; water (20 oC) 0.9982. The marine water (a common marine salinity 

of 35‰) is denser in all temperatures: 0 oC – 1.0281; 4 oC - 1.0278; 10 oC – 1.0270; 20 oC – 1.025 what implicates 

the zonation of marine environments not only simply with the temperature, but also salinity gradients, and 

freshwaters will be kept over the salty marine fraction.  



 

 

What are gradients in the water environment? 

 

The oceans of the world are interconnected, and the water within each ocean basin slowly 

rotates. Hence, organisms living in the oceans or their offspring may disperse relatively easily 

with the movement of those waters. This explains the water-currents dependent broad 

distribution, in suitable habitats, of both shallow-sea species (such as oysters, mussels, or 

corals7) and deep-water creatures, including active and weak swimmers and sessile organisms 

(Babcock, Wills & Simpson 1994; Corrochano-Fraile et al. 2024; Hata et al. 2017; Lörz et al. 

2023; McManus & Woodson 2012; Pineda, Hare & Sponaugle 2007; Puckett et al. 2018; 

Rodríguez-Flores et al. 2023; Vogt-Vincent, Mitarai & Johnson 2023). This includes extreme 

examples of hydrothermal vent squat lobsters that are believed to disperse as larvae with the 

ocean water and were found in both Pacific and Indian Ocean environments (hydrothermal, 

chemosynthetic-based deep-water environments are known from the high level of endemism8, 

reaching up to about 80% of species from this ecosystem; Hwang et al. 2022). Although there 

are no strict geographic boundaries within the open oceans, the depth of this environment 

enables the formation of gradients in physical parameters, creating different habitats. The 

physical properties of water, described above, underlie this vertical zonation. The most crucial 

for life are light, temperature, oxygen, density, biogenic nutrients, and salinity.  

 

Light, photosynthesis, and life below the water surface 

 

The light comes from the Sun in a predictable 24-hour cycle of Earth’s rotation. The part 

of light that was not reflected from the water surface is absorbed and scattered as it passes 

through the water column. This is why, when we look downward, we see dark waters, and when 

we look upward, we see brighter colors. It also explains why many aquatic animals have a dark 

dorsal side (to hide in the darkness below when observed from above) and a pale ventral side 

(to match the brightness when viewed from below; Donohue, Hemmi & Kelley 2020). The 

physics of light in water affects the potential for photosynthesis, since it is possible only in a 

visible range of the light spectrum (so-called photosynthetic available radiation [PAR]; Barber 

 
7 Although adult corals are sessile organisms, their dispersal relays on their planktonic larvae (poor swimmers, but 

are easily transported with the water currents), which are commonly spawned in massive multispecies spawning 

events. Larvae may disperse both locally and across oceanic regions, thereby influencing population recruitment 

success in coastal reef environments and serving as a source of new individuals during reef recovery following 

environmental disturbances. Finally, such process eases our understanding about the connections between coral 

reefs (Babcock, Wills & Simpson Babcock 1994; Hata et al. 2017; Vogt-Vincent, Mitarai & Johnson 2023). 
8 Endemism is defined as when native taxa are restricted to a single specified geographical area such as a mountain, 

island or, e.g., hydrothermal vent as in the text above (see Prawiradilaga & Irham 2024). 



 

& Tran 2013; Edmondson 1956; Liu & van Iersel 2021; Marra et al. 2014). Different 

wavelengths of components of the visible spectrum of light penetrate to different depths in 

water (the red is absorbed first, then orange, and yellow, with green and blue that are available 

in deeper parts of the water column) – and these depths depend on water clarity9 (including the 

salinity or the amount of suspended biotic and abiotic particles; Pope & Fry 1997; Röttgers, 

McKee & Utschig 2014). The uppermost layer of waterbodies where light penetration is enough 

for photosynthetic organisms – both single-celled organisms called phytoplankton and benthic 

aquatic plants (and algae) – is called the euphotic zone10 (or productive zone). This is the zone 

where photosynthesis occurs, thus the primary production in the ecosystem occurs, a base for 

all the levels of the oceanic trophic net (the zooplankton, the fish, and, to some degree, humans 

too). How deep is an euphotic zone? Depending on water transparency, this is up to a few tens 

of meters and may vary during the year (Lampert & Sommer 1996; Lee et al. 2007; Marra et 

al. 2014).  

The euphotic zone is a crucial environment for the development of coral reefs. These are 

complex, three-dimensional, and diverse environments, biologically formed in warm, shallow 

ocean waters. The corals – colonial sessile cnidarians from the Scleractinia order – are small 

jellyfish-like carnivorous organisms in the form of polyps, like tiny sea anemones or freshwater 

Hydra. They form a colony in which each polyp secretes a biomineral (calcium carbonate), 

forming a rigid skeleton that is shared with hundreds or thousands of its neighboring relatives 

(polyps) (Cox, Moore & Ladle 2016). This biomineral is the hard, stony base of a coral reef – 

that is why we call corals ecosystem engineers. Corals thus ensure a diverse structure of the 

environment where other organisms can live, they provide habitats and shelters, influence the 

availability of resources, and protect the coastline (e.g., against high-energy waves). It is 

estimated that coral reefs ensure an environment for about ¼ of all marine fish species, together 

with diverse sponges, cnidarians (including non-colonial corals), mollusks, echinoderms, 

crustaceans, and many more; lots of them are endemic (Burke et al. 2012; Lutzenkirchen, Duce 

& Bellwood 2024; Maragos, Crosby & McManus 1996). Finally, coral reefs are an important 

environment for humans as well. They are serving as a food source and a source of income – 

according to Burke et al. (2012), more than 275 million people globally live within about 10 

km from the coast and may highly rely on reefs e.g., harvesting fish for food and trade, and 

 
9 One of the most widely used and simplest tools for measuring water transparency is so called “Secchi disc” – in 

which an observer submerges the white disc (c.a. 20-30 cm diameter) in the water and notices when the disc 

becomes not visible. This depth is considered to represent roughly half of the depth of visible light penetration and 

may suggest the extent of the euphotic zone (Lee et al. 2007; Pitarch 2020). 
10 According to Lee et al. (2007) traditionally, „Euphotic zone depth, z1%, reflects the depth where photosynthetic 

available radiation (PAR) is 1% of its surface value”; Marra et al. (2014) refine this, showing that the euphotic 

zone is deeper than the traditional estimate of 1 % light depth – the depth where 1% of surface blue light (490 nm) 

penetrates. 



 

reefs play a role as a tourism attractor. Finally, coral organisms, which produce natural 

venomous substances, are used to create new medicines (Bruckner 2002; Rafiudeen et al. 2024). 

The reef-forming corals are called hermatypic corals. Although most inhabit semi-

tropical and tropical marine environments where the temperature does not drop below 20 °C 

(they prefer water temperatures ranging from 23-29 °C), they can tolerate short episodes of 

higher temperatures; however, in general, exceeding 34 oC is dangerous for their survival 

(Kleypas, McManus & Menez 1999; Lough, Anderson & Hughes 2018; NOAA 2024c). They 

provide an extraordinary example of symbiotic interaction with a type of photosynthetic 

dinoflagellate algae called zooxanthellae, which live in their cells (Arabeyyat et al. 2024). In 

this cooperation, coral provides a safe place and nitrogenous waste products that benefit algae 

metabolism. In return, algae provide the energy (nourishment) derived from photosynthesis – 

thus, the distribution of reefs can be restricted by access to light (among other parameters). 

Although corals can gather their food by hunting their prey, the algae’s contribution to their 

survival is significant (e.g., they may exist in environments poor in nutrients, as an algae partner 

ensures energy; Cox, Moore & Ladle 2016; Frankowiak et al. 2016). This interaction is 

important enough that it may lead to the death of the coral partner if the algae die. The 

phenomenon called “coral bleaching” – loss of symbiotic zooxanthellae under stress (usually 

thermal stress, with high light) – leads to exposure of the white skeleton of the colony, because, 

without symbionts, the coral tissues are transparent. The bleached coral is weakened and may 

more easily develop disease and/or die (Brandt & McManus 2009). This was observed more 

commonly in the late years of the 20th and beginning of 21st century and is explained as one of 

the results of climate change (precisely, the increase in ocean temperature; GBRF n.d.; Lough, 

Anderson & Hughes 2018; Selig, Casey & Bruno 2010; Virgen-Urcelay & Donner 2023). 

Fortunately, if the stressor disappears quickly, the process can potentially be reversed, and 

symbiosis with zooxanthellae algae reappears. However, the coral remains vulnerable (e.g., the 

growth/reproduction rate is lower) and prone to disease (Lough, Anderson & Hughes 2018; 

Meesters & Bak 1993). If the stressor lasts too long, the coral dies. According to Carmignani et 

al. (2025), between 2009 and 2018, about 13.5% of the world’s scleractinian corals vanished. 

Scleractinian corals are of great interest today because they play an essential ecological role, 

including serving as ecological engineers, and because of the uncertain future of coral reefs due 

to the growing anthropogenic impact and global climate crisis (Brandl et al. 2019; Selig, Casey 

& Bruno 2010; Stolarski et al. 2011). Boström-Einarsson et al. (2020) emphasize the need for 

the restoration actions (including the role of spawning and water currents as a source of young 

corals for recovery). At the same time, Hughes et al. (2017) underline that the development of 

sustainable management of these important ecosystems - to maintain reefs and their biodiversity 



 

in stable equilibrium - requires more widely based solutions than the current emphasis on 

conservation, habitat protection, and restoration (e.g., to include reducing poverty actions, and 

encouraging shifts in human social norms-behaviors).  

Coral reefs are typically considered to be distributed in shallow, warm seas. A new 

horizon opened with the recent advances in deep water research (technical) possibilities. The 

deep waters worldwide - on continental shelves, slopes, or seamounts – reveal a surprisingly 

diverse coral ecosystem in these dark and cold waters, also in higher latitudes. The deep-water 

corals (most commonly found 1-6 km below the surface) do not have a symbiotic partner (thus 

they do not need light), but form a long living, blooming, and biodiverse assemblage there, 

which is formed by both individual corals and their colonial relatives, together with 

accompanying biota (Roberts, Wheeler & Freiwald 2006; Stolarski et al. 2011). Such deep-

water reefs grow slowly (over geological time scales), and in their skeletons’ annual bands have 

a record of shifts in the ocean’s climate; thus, they are significant paleo-environmental archives 

(Schröder-Ritzrau, Freiwald & Mangini 2005). Unfortunately, human direct activity, like 

bottom trawling, plastic pollution (both macro- and micro-) or the not fully understood 

implications of ocean acidification (e.g., for biomineralization), are highlighted as significant 

damage threats to these hidden ecosystems (Chapron et al. 2018; Doney et al. 2009; Roberts, 

Wheeler & Freiwald 2006).   

Below the euphotic zone, there is insufficient light for photosynthesis in the twilight 

(dysphotic) zone, and below it, dark waters of the aphotic zone open, with no light penetration 

(see Fig. 1). Such a gradient of light in the water column affects not only the primary production 

or availability of tropical coral reef biodiversity hot spots, but also the biology – including 

adaptations for survival – of other organisms inhabiting aquatic environments. In the euphotic 

zone, similarly to the situation on land, organisms may rely on their sense of vision. This sense 

may be employed for communication, such as in mating or social behaviors, or displaying 

warnings: the blue-ringed octopus is famous for being one of the most venomous animals on 

Earth, and it quickly sends the warning by flashing the iridescent blue rings that appear on its 

body when disturbed (by muscle contraction mechanism; Mäthger et al. 2012). Also, for 

obtaining food, for example, when predators visually search for their prey, or hunt from 

concealment, or a supposed prey avoids becoming prey via camouflage, transparency, or 

migrations to dark areas of the water column (see review for camouflage–mimicry in fish by 

Randall 2005). Moonlight and artificial light (e.g., in areas such as ports or coastal towns) may 

impact the visibility and thus behavior of organisms that naturally hide in the darkness of night 

(e.g., Anokhina 2006; Burford & Robison 2020). Especially, the artificial light at night 

(ALAN), an expanding form of pollution, may impact a diverse group of organisms 



 

(attract/repel life forms and/or disrupt their biology). Some examples are: diel vertical 

migrations of organisms, coral symbiosis with dinoflagellates and spawning of these animals, 

behavior of hatchling turtles, behavior and interspecific interactions (like predation) of pelagic 

fish and krill, but also of sessile organisms in coastal areas (and even of seabirds) – all those 

are pivotal for survival of and condition of ecosystems (reviewed in Marangoni et al. 2022); 

(Bolton et al. 2017; Underwood, Davies & Queirós 2017). 

Finally, the light in water may not only come from external, abiotic sources. The 

bioluminescence is an emission of visible light by a living being. A broad range of evolutionary 

lineages of organisms, from bacteria and protists, through cnidarians, crustaceans, mollusks, to 

the fish, have evolved the ability to produce light in marine environments (but is nearly absent 

in freshwaters). The classical example of bioluminescence used for luring prey in the darkness 

of the aphotic zone is the deep-water anglerfish – it has a long appendage on its head and in 

front of its mouth, finished with a glowing lure (thanks to symbiotic bacteria) that attracts prey 

(Haddock, Moline & Case 2010). However, the other example can be provided by one of the 

largest known deep-sea squid, Taningia danae, which was video recorded when hunted, at 

depths ranging from 240 m (at night) to 940 m (during the day). This squid appeared as an 

active, aggressive predator that was using the bioluminescence during the attack, which was 

interpreted as probably a blinding flash for the prey, and/or to measure target distance in its 

dark habitat (Kubodera, Koyama & Mori 2007). Another example is the Humboldt squid, an 

active and social high-level predator that spends its life in the dark waters below 200 meters. It 

uses bioluminescence, as presumed, for an advanced form of social communication. The visual 

signals of this squid enable it to rapidly convey and receive information between individuals, 

facilitating collective behaviors (Burford & Robison 2020).  

Apart from light, the solar heating effects are mainly limited to the zone near the water 

surface.   

 

Temperature gradient 

 

Most of the solar heat is absorbed in the surface layers of water. The water layer, up to 

about 200 m deep in oceans and up to a dozen meters in lakes, known as the epipelagic zone, 

is also wind mixed. Temperatures there may vary more significantly according to the 

atmospheric impact (including climate and seasons) compared to the deeper parts of the water 

column (Kara, Rochford & Hurlburt 2003; Lampert & Sommer 1996).  

Most of the biota that live in water are poikilothermic – “cold-blooded”, ectotherms (thus, 

except for some vertebrates, such as birds and mammals, which are homeothermic endotherms). 



 

Their body temperature is influenced by both the outside environment and the ambient 

temperature (Wagner et al. 2023). Water, with its high heat capacity and thermal conductivity, 

helps maintain the temperature of objects (e.g., bodies of aquatic organisms) close to the water 

temperature of their environment. The size of the organism can matter – smaller organisms may 

follow the temperature more easily than larger ones (Deutsch et al. 2022). Moreover, body 

temperature is a crucial factor in an organism's physiology, affecting biological processes from 

biochemical reactions to metabolic efficiency, which can significantly influence survival. For 

example, the unicellular predatory protists (which are poikilothermic ectotherms) actively swim 

to hunt their prey. However, the temperature of their aquatic environment cannot be considered 

independently of its viscosity. Their swimming speed was experimentally proven to increase 

with temperature, and both the temperature-dependent physiology (metabolic rates) of these 

protists and the viscosity of the environment contributed to this result, which may have 

ecological and survival implications (Beveridge, Petchey & Humphries 2010). The other factors 

are the metabolism rate, O2 demand, and O2 availability. With body size increase, the organism 

needs to ensure that the surfaces of gas exchange are sufficiently large to compensate for its 

metabolic needs, and metabolism is a temperature-driven parameter (Deutsch et al. 2022). 

Unfortunately, the oxygen solubility declines with the growth of water temperature and with an 

increase in salt concentration (Green & Carritt 1967). Thus, the warmer the water is, the higher 

the metabolism rates of organisms become (and the metabolic O2 demand), and the more 

oxygen-limited the environment becomes. Thus, to compensate for these physical constraints, 

ectothermic organisms living in warmer conditions commonly mature and reproduce at smaller 

body sizes (and earlier) than in colder conditions (Forster, Hirst & Atkinson 2012), which can 

be a significant observation regarding global warming (Deutsch et al. 2022). 

The water temperature gradient in a three-dimensional environment (warm surface and colder 

deeper waters) provides challenges for epipelagic fish physiology both daily and seasonally. 

Although the majority of ectotherms do not exhibit thermogenesis like endotherms, they can 

compensate for environmental temperature variations both behaviorally (by choosing the 

environment) and physiologically (by metabolism; Seebacher 2009). Nonetheless, some 

examples of larger fish have adaptations that enhance their ability to conserve metabolic heat 

(i.e., elevate tissue temperature above ambient), which may alter their possible depth of vertical 

diving and subsequent rewarming after feeding in cold waters. For example, a swordfish was 

observed to stay at depths for up to 8 hours a day, in temperatures 10 °C lower than those of 

the surface. Swordfish is known to have the anatomical structure - specialized tissue, a “brain 

heater” that warms up its brain and eye above the ambient temperature and protects the fish’s 

central neural system against rapid cooling when it dives deeply in colder waters (Carey 1982). 



 

At the same time, the blue sharks probably needed rewarming more often, because they 

oscillated back to the surface every few hours (more patterns of vertical movements of 

epipelagic fish were discussed in Andrzejaczek et al. 2019). On the other hand, the large size 

of the body helps stabilize temperature variations in its tissues as the large ectotherm animal 

moves through environments with diverse temperatures. The whale sharks – the largest fish - 

can dive into up to 1000 m depths, without decreasing their body temperature (thus without the 

metabolic costs) (Nakamura, Matsumoto & Sato 2020). Additionally, Bennett et al. (2021) 

consider that the thermal limits of organism survival are constrained by evolution and conserved 

through time across broad taxonomic groups, with a limited potential for further adaptation to 

increasing heat stress under current global warming. 

 

Water density and pycnocline 

 

The surface waters of the oceans (and lakes) are well mixed with wind as the dominant 

mechanism (but convection, evaporation, or tides may also be involved; Duxbury, Duxbury & 

Sverdrup 2002; Kara, Rochford & Hurlburt 2003). The depth of this layer varies seasonally and 

by climatic zone. This is called a Mixed Layer Depth, which is important transitional layer – 

acting as boundary between deeper waters and the atmosphere above, regulating temperature 

changes or availability of nutrients; Abdulla et al. 2018; Kara, Rochford & Hurlburt 2003). The 

waters below 1000 m in the ocean are uniformly cold, dense, and salty. Between mixed surface 

waters and those homogeneous in parameters, we observe a water layer where density (defined 

by temperature and salinity gradients) increases rapidly, acting as a physical barrier to vertical 

mixing of seawater. This layer is called the pycnocline. Pycnocline is commonly linked to 

thermocline (rapid decrease of temperature up to about 0-4 oC, which is a standard temperature 

of deep waters; Emery & Meincke 1986) and halocline (rapid increase of salinity) – because 

the density of water is related to temperature, and to its salinity (Fiedler et al. 2013). The cold 

waters sink and stay deep because they are denser than the warmer waters. The warm waters of 

the surface have limited nutrient availability (almost all nutrients are already consumed by 

phytoplankton and other participants of food webs), and the pycnocline does not allow the 

nutrients that are dissolved in deep waters to migrate to the surface (Bristow et al. 2017). 

However, the nutrient-rich deep waters may flux through the pycnocline toward the surface, 

leading to a decrease in surface temperature as a side effect, but primarily to an important 

nutrient supply for phytoplankton – a base for the food web.  



 

The movement of deep waters upward is generally possible along a coastline11 when 

strong winds force the surface waters to move toward the ocean, allowing the released space to 

be filled by the waters pulled from the deep. This process, called upwelling, wherever it occurs, 

ensures high biological productivity in the ocean and related environments, including the 

production of exploitable fish important for human food and trade (Bakun et al. 2010; NOAA 

2024d; Ryther 1969). The current climate crisis can affect these water transfers. Xiu et al. 

(2018) explain the decline trend of the average biomass and productivity of phytoplankton as a 

possible result of warming of the surface waters. The heated surface waters are harder to mix 

with deeper layers, enhancing water stratification and limiting the flux of nutrients. However, 

the results from the California Current System showed increased upwelling intensity due to 

strong winds in the coastal region, along with stronger stratification. Alternatively, warmer 

water may increase the metabolic rate of ectotherm animals that feed on phytoplankton, thereby 

shifting the food web structure (O'Connor et al. 2009). The anthropogenic impact can, 

potentially, touch the natural cycles even more directly. The offshore wind farms have, of late, 

been recognized as a valuable source of “green energy”. Raghukumar et al. (2023) recently 

asked a question about the possible relation between offshore wind farm activity and the winds 

that drive local upwelling. They modelled the changes in the wind currents by wind turbines, 

on the California coast. Although they reported that the model suggested turbines promoted a 

wind stress curl-driven upwelling, the impact on the coastal region was minimal. Nevertheless, 

regarding the essential influence of nutrient fluxes on fishery and ecosystem structure, which 

are currently unknown for the cited research, the authors underline the importance of expanding 

environmental analyses before placing any anthropogenic structures that may interact with 

natural cycles.  

 

3. Human activities and ocean risks 

 

Some examples of the human-environment interactions were already described in the 

sections above. However, this place provides a summary of the most challenging factors 

affecting life under the sea surface.  

 

Global warming 

 

 
11 Similar effect can be obtained when south and north winds meet at the equator. 



 

Global warming is the phenomenon of observation of an unusually rapid rise in Earth's 

average surface temperature (observed during at least a few-decade sample - a period long 

enough to remove the interannual variations), and when compared to a reference period (the 

IPCC (2021) indicates a baseline for 1850-1900). Such a rapid rise, faster than ever in the 

instrumental record, reached the temperature increase of 0.27 °C per decade in 2015–2024 

(Forster et al. 2025). This, despite discussions about the degree of the natural input to this 

phenomenon (see analysis in Keller 2003), is widely agreed to be a result of the increased 

release (thus increased concentration in the atmosphere) of the greenhouse gases, including 

CO2, by human activity since the industrial era – e.g., burning the fossil fuels (Al-Ghussain 

2019; Houghton 2001; Kerr 2007). The currently observed global warming may lead to and be 

a part of the change of global or regional climate patterns - a climate change (those two terms 

are commonly used informally as synonyms, while they describe slightly different phenomena; 

IPCC 2021; Lineman et al. 2015). Some effects of the rise in temperatures include the warming 

of the ocean and the melting of ice and glaciers worldwide, which lead to a rise in sea level, 

increased evaporation, and ocean acidification. 

Forster et al. (2025) summarizes that the temperature anomaly in oceans, according to 

reference years, was estimated to 1.02 oC in 2015-2024, and that the most impacted layer of the 

oceans is the surface layer (up to 700 m), then the heat propagates to deeper waters (700-2000 

m) with the most negligible impact on deep waters below 2000 m. The warmer water is altering 

the ectotherm organisms’ metabolism, including oxygen demand (and less oxygen is available 

in warm water). This may induce mobility in organisms in search of available habitats, both as 

an escape from unfavorable conditions and as an expansion into new areas (previously not 

physiologically available) – which may change the ranges of aquatic organisms and reshape 

local and global ecosystems (also by negative impacts e.g. increased competition or spreading 

disease), and even lead to the socioeconomic consequences (Strang & Bosker 2024). 

Eventually, if the extreme heat event waves appear, accompanying the global warming, they 

may lead to indirect or direct influence on aquatic ecosystems, e.g., long-lasting blooms of 

mucilaginous algae (that may cover and disturb other organisms), or directly weaken or kill 

aquatic organisms, especially benthic sessile animals from shallow waters, like corals (Al-

Ghussain 2019; Lough, Anderson & Hughes 2018; von Schuckmann et al. 2019). Finally, 

warmer oceanic water accelerates evaporation, influencing the global water cycle and 

greenhouse effect (making the atmosphere more humid) and potentially leading to more 

extreme weather events (Al-Ghussain 2019).  

The predicted rise of the sea level would be approximately half a meter before the end 

of the 21st century (without reducing the climate crisis actions; Houghton 2001). This will affect 



 

the coastal ecosystems (e.g., by local changes in nutrient availability or increased 

sedimentation) and will also alter the range of tides or the destructive effects of storms (Al-

Ghussain 2019; Noe et al. 2013). During the period from 2019 to 2024, the sea level rose by an 

average of 2.5 cm; although it was rising during the 20th century, the current rise is more rapid 

(Forster et al. 2025). The ocean water is absorbing the carbon dioxide - CO2 (this, in fact, 

reduces the extent of global warming). When it happens, the carbonic acid (H2CO3) is 

generated, ions of which act as the ocean's buffer. However, when more CO2 is available, more 

ions of H+ (“acidic particles”) are formed, thus pH of the water drops. The current value of the 

mean oceanic pH is 8.1, which is 0.1 lower than the reference from the late 18th century (NOAA 

2025b). This may lead to disturbances in the physiological processes of organisms and 

negatively influence biomineralization (such as in corals and other living beings that produce a 

skeleton). In the broader context, this may reshape community assemblages in different marine 

ecosystems (Logan 2010).  

 

Marine pollution 

 

The progress of urbanization – especially of the coastlines – led to human–ocean 

interaction, resulting in commonly rebuilt, reduced, and polluted areas. The pollution consists 

of the traditionally understood introduction of waste objects and liquids into the marine 

ecosystem, as well as pollution from noise, light, or interactions. Underwater noise from human 

activities, mainly from boats, is present worldwide. During the COVID-19 pandemic, human 

activity at sea decreased (called the “Anthropause”), causing a significant reduction in ocean 

human-made noise. This altered the behavioral activity, echolocation responses, whistle 

repertoire, and attention of dolphins in Bermuda (Stevens, Allen & Bruck 2023), and Panama 

(Gagne et al. 2022). It also increased (by double) the presence of monk seals in Hawai'i and 

evidenced the inhibitory effect of humans (when active) on reef ecosystems there (Madin et al. 

2025). 

The source of pollution may originate from terrestrial environments (about 80% of 

waste!), the sea itself, or the air. Ma et al. (2023) explains that the air pollution commonly starts 

with picking up the tiny particles from the land, but gases and chemical substances are also part 

of the air pollution category. Sea sources of pollution are primarily the effects of the fishery 

industry. Finally, land source can come from a broad area or as a point on a coastline. This is 

an effect of a wide variety of human activities, from agriculture and industry to households and 

human behaviors and habits. In this category fall the input of nutrients, which results in, for 

example, the eutrophication of coral reefs in urbanized areas, leading to a decrease in coral 



 

cover and the development of algal blooms and other potentially harmful organisms, such as 

certain invertebrates (Duprey, Yasuhara & Baker 2016; Girard et al. 2025). Plastic pollution is 

the other challenge to modern ecosystems. Plastics are a broad group of artificial polymers, 

widely used since the middle of 20th century. The biological complication with these materials 

is that they are not easily decomposed, so after being introduced to the environment, they may 

remain there for decades or centuries (e.g. EPA 2025). Plastics may become consumed and be 

introduced to the food web (but particles may harm intestines or mimic the stomach being full, 

causing the organisms to die from starvation) or provide a surface for settlement, both for macro 

and microorganisms. Microplastics (produced in sizes below 5 mm, or originating from 

fragmentation) and plastic debris are regarded as an emerging and severe anthropogenic threat 

to the aquatic ecosystems worldwide (Sharma, Sharma & Chatterjee 2021; Wright, Thompson 

& Galloway 2013). Nevertheless, new plastic objects in the ecosystem may be employed to 

serve ecological functions. The hermit crabs can use them as a shelter, in place of the gastropod 

shell (Jagiello, Dylewski & Szulkin 2024), and similar behavior was observed in octopus 

(however, they preferred glass objects a little more; Freitas et al. 2022). The sea urchin 

(Lytechinus variegatus) collects plastic litter for (likely) protection, camouflage, and ballast 

(Barros et al. 2020). 

 

Unsustainable fishing 

 

The seas and oceans are the primary source of fish for the food industry. However, 

harvesting fish populations to the extent that they cannot replenish, known as overfishing, leads 

to significant disturbances in their condition and a decline in their biomass. Overfished 

populations may be prone to disease due to elevated stress level, which can additionally ease 

their decline. Overfishing is affecting biodiversity and may also pose a risk to food security and 

the lives of those relying on this resource - if fish become too rare (Wright 2023). The North 

Pacific, commercially important, blue tuna is one of the species whose population suffered from 

decades of fishing, leading to low stock for years (Nakatsuka et al. 2017).  

The over-exploitation of cod in the Baltic Sea12 led to a critical decline in the populations 

of this fish. Birgersson, Söderström & Belhaj (2022) recommend an ecosystem-based approach 

to aid the recovery of this species, including monitoring and protection of habitats for all life 

stages on one hand, and low-impact fisheries on the other hand. Separation of the cultural, 

 
12 Baltic sea is a brackish water sea - due to its limited connection to the rest of the world ocean, the water is almost 

freshwater. This results in a challenging characteristic for the Baltic Sea fauna, that must survive in non-fully 

marine conditions and by this is unique. 



 

economic, and social, as well as biological aspects of the sustainability of fisheries is difficult, 

but broader attempts may aid in the recovery of over-exploited fish populations worldwide. 

 

Summary 

 

Life evolved on our planet thanks to the availability of water. Water plays a central role 

in climate regulation and the hydrological cycle, and it creates diverse environments and 

habitats - all of which depend on its physical characteristics. These include the gradients of 

parameters like light, temperature, density, or salinity. Representatives of the majority of the 

organism’s lineages live in water and have evolved adaptations for the aquatic habitat. This 

may appear challenging to realize from the perspective of a terrestrial organism; however, 

advances in research have provided a better understanding of how underwater life functions, 

interacts with other biota and with its environment, and ultimately survives in the face of human 

activity.  

 

 

Figure 1. The water on Earth in oceans (and lakes) - vertical water divisions, life zones, and 

biotic groups, with the water cycle (simplified); information summarized, based on (Cox, Moore 

& Ladle 2016; Duxbury, Duxbury & Sverdrup 2002; Meerhoff & González-Sagrario 2021; 

NOAA 2024b; Oki & Kanae 2006; Weiner 1999). 
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