
Abiotic Factors 
in Marine 
Environments

ACNA5001



We will define and provide examples of abiotic 

factors for different marine and coastal 

ecosystems. Then we investigate the importance of 

these abiotic factors and physical processes within 

ecosystems.
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earth :: a global map of wind, weather, and 
ocean conditions (nullschool.net)

AIM

https://earth.nullschool.net/#current/ocean/surface/currents/overlay=sea_surface_temp/orthographic=-31.64,23.24,345
https://earth.nullschool.net/#current/ocean/surface/currents/overlay=sea_surface_temp/orthographic=-31.64,23.24,345


1) What do we know about ecosystems

2) What are abiotic factors

3) Pressure, salinity, temperature, density

BREAK

4) Light, physical ocean, chemistry

5) Abiotic Activity

3

C
O

A
S

T
A

L
 E

C
O

S
Y

S
T

E
M

S

CONTENT



WHAT DO WE KNOW ABOUT ECOSYSTEMS?
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The root of the word ecology is the Greek word oikos, meaning “house”. Ecosystem literally 
means a “system of houses”. 
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• Biotic = Living 
• Abiotic = Non-

living

WHAT ARE ABIOTIC FACTORS?
E

C
O

S
Y

S
T

E
M

S



Davies 1980
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Temperature Salinity Light

Pressure Currents Tides

Nutrients Oxygen



Davies 1980
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Temperature Salinity Light

Pressure Currents Tides

Nutrients Oxygen

All these factors control where species are distributed in the oceans.



Davies 1980
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Abiotic factors also controlled by physical oceanography phenomena 
across a range of scales(!) 

TALLEY_9780750
645522_chapters
1-2.pdf 
(ucsd.edu)

http://talleylab.ucsd.edu/ltalley/sio210/DPO/TALLEY_9780750645522_chapters1-2.pdf
http://talleylab.ucsd.edu/ltalley/sio210/DPO/TALLEY_9780750645522_chapters1-2.pdf
http://talleylab.ucsd.edu/ltalley/sio210/DPO/TALLEY_9780750645522_chapters1-2.pdf
http://talleylab.ucsd.edu/ltalley/sio210/DPO/TALLEY_9780750645522_chapters1-2.pdf
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• Abiotic factors are similar to those 
on land such as sunlight, 
temperature, and soil nutrients.

• However, since the ocean is water, pH 
and salinity are also considered 
important abiotic factors that 
influence and sustain healthy and 
productive organisms. 

• Oceans function just like land 
ecosystems, but they have far more 
area and depth. 

DIFFERENCES BETWEEN LAND AND MARINE
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PRESSURE

6.1 Pressure – Introduction to Oceanography (pressbooks.pub)

When we talk about pressure in the 
ocean, we are referring to hydrostatic 
pressure, which is a result of the 
weight of the water column pressing 
down on an object due to gravity. 

At the surface we experience one atmosphere 
of pressure (1 atm = 101.3 kPa) due to the 
weight of the atmosphere above us.

https://rwu.pressbooks.pub/webboceanography/chapter/6-1-pressure/


Pressure in the ocean zones:
6.1 Pressure – Introduction to Oceanography (pressbooks.pub)

When we talk about pressure in the 
ocean, we are referring to hydrostatic 
pressure, which is a result of the 
weight of the water column pressing 
down on an object due to gravity. 

At the surface we experience one atmosphere of 
pressure (1 atm = 101.3 kPa) due to the weight of 
the atmosphere above us.

What is Bar – Unit of Pressure - Definition (thermal-engineering.org)
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https://rwu.pressbooks.pub/webboceanography/chapter/6-1-pressure/
https://www.thermal-engineering.org/what-is-bar-unit-of-pressure-definition/


Pressure in the ocean zones:
6.1 Pressure – Introduction to Oceanography (pressbooks.pub)

When we talk about pressure in the 
ocean, we are referring to hydrostatic 
pressure, which is a result of the 
weight of the water column pressing 
down on an object due to gravity. 

At the surface we experience one atmosphere of 
pressure (1 atm = 101.3 kPa) due to the weight of 
the atmosphere above us.
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https://rwu.pressbooks.pub/webboceanography/chapter/6-1-pressure/


Pressure in the ocean zones:
6.1 Pressure – Introduction to Oceanography (pressbooks.pub)

When we talk about pressure in the 
ocean, we are referring to hydrostatic 
pressure, which is a result of the 
weight of the water column pressing 
down on an object due to gravity. 

At the surface we experience one atmosphere of 
pressure (1 atm = 101.3 kPa) due to the weight of 
the atmosphere above us.
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https://rwu.pressbooks.pub/webboceanography/chapter/6-1-pressure/


Chemical in cells of marine organisms enables them to survive high 
pressures found in deep oceans (phys.org) Spence and Tingley (2000)
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https://phys.org/news/2022-09-chemical-cells-marine-enables-survive.html
https://phys.org/news/2022-09-chemical-cells-marine-enables-survive.html


Chemical in cells of marine organisms enables them to survive high 
pressures found in deep oceans (phys.org)

Everyone has smelled it that’s ever been to a fish market.
TMAO is what gives aquatic species their fishy scent.

• The molecule found in cells that produces 
the protective effect against high external 
pressure is called TMAO—trimethylamine 
N-oxide. 
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https://phys.org/news/2022-09-chemical-cells-marine-enables-survive.html
https://phys.org/news/2022-09-chemical-cells-marine-enables-survive.html


Salinity: Sodium chloride + friendsSalinity from Space:NASA's Aquarius (2011-2015) 

measuring changes in salinity, or salt concentration, in the 
surface of the oceans. Composite of the first two and a half 
weeks of data.
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Salinity | Science Mission Directorate (nasa.gov)

https://youtu.be/5x
QP_B18vMw

SALINITY

https://science.nasa.gov/earth-science/oceanography/physical-ocean/salinity#:~:text=Evaporation%20of%20ocean%20water%20and,snow%2C%20and%20melting%20of%20ice.
https://youtu.be/5xQP_B18vMw
https://youtu.be/5xQP_B18vMw
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SALINITY

Salinity: Measure of all dissolved salts in water
Measured in parts per thousand (ppt) or practical salinity 
units (psu)

This graph show a 
generalized salinity depth 
profile for the South 
Atlantic Ocean.
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18.4 Ocean Water – Physical Geology (opentextbc.ca)

A depiction of the vertical movement of water along a north-south cross-section through the Atlantic basin

SALINITY – OCEAN CONVEYOR

https://opentextbc.ca/geology/chapter/18-4-ocean-water/
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18.4 Ocean Water – Physical Geology (opentextbc.ca)SALINITY – OCEAN CONVEYOR

Throughout Earth's history, certain processes have served to make the ocean salty. Weathering delivers minerals, including 
salt, into the ocean. Evaporation of ocean water and formation of sea ice both increase the salinity of the ocean. However, 
these "salinity raising" factors are continually counterbalanced by processes that decrease salinity such as the continuous 
input of fresh water from rivers, precipitation of rain and snow, and melting of ice.

How Do Ice Ages Happen? 
Exploring Paleosalinity and 
Thermohaline Circulation – 
Aliosha Pittaka Bielenberg 
(alioshabielenberg.com)

https://opentextbc.ca/geology/chapter/18-4-ocean-water/
https://alioshabielenberg.com/exploring-paleosalinity-and-thermohaline-circulation/
https://alioshabielenberg.com/exploring-paleosalinity-and-thermohaline-circulation/
https://alioshabielenberg.com/exploring-paleosalinity-and-thermohaline-circulation/
https://alioshabielenberg.com/exploring-paleosalinity-and-thermohaline-circulation/
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18.4 Ocean Water – Physical Geology (opentextbc.ca)SALINITY – OCEAN CONVEYOR

Artistic interpretation of the Mediterranean geography during its evaporative drawdown, after complete disconnection from 
the Atlantic. The rivers carved deep gorges in the exposed continental margins; The concentration of salt in the remaining 
water bodies led to rapid precipitation of the salt. The inset evokes the transit of mammals (e.g. camels and mice) from Africa 
to Iberia across the exposed Gibraltar Strait.

https://opentextbc.ca/geology/chapter/18-4-ocean-water/
https://en.wikipedia.org/wiki/Precipitation_(chemistry)
https://en.wikipedia.org/wiki/Gibraltar_Strait
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Pacific Ocean - Temperature, 
Salinity, Depth | Britannica

SALINITY – OCEAN CONVEYOR

Latitudinal variation in precipitation and evaporation and its relationship to major wind belts and oceanic 
salinity.

https://www.britannica.com/place/Pacific-Ocean/Temperature-and-salinity
https://www.britannica.com/place/Pacific-Ocean/Temperature-and-salinity
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Thermohaline Circulation - Fact 
Sheet by Stefan Rahmstorf (pik-
potsdam.de)

Surface currents are shown in 
red, deep waters in light blue 
and bottom waters in dark 
blue. The main deep water 
formation sites are shown in 
orange.

Thermo + Haline

SALINTY - THERMOHALINE

https://www.pik-potsdam.de/~stefan/thc_fact_sheet.html
https://www.pik-potsdam.de/~stefan/thc_fact_sheet.html
https://www.pik-potsdam.de/~stefan/thc_fact_sheet.html


OCEAN SALINITY AND CLIMATE
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The Effect of Ocean Salinity on 
Climate and Its Implications for 
Earth's Habitability - Olson - 2022 
- Geophysical Research Letters - 
Wiley Online Library

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2021GL095748
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2021GL095748
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2021GL095748
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2021GL095748
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2021GL095748
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Temperature: A measure of 
the energy of molecular 
motion. Varies horizontally 
with changes in latitude and 
with changes in depth

Scientists are baffled why the oceans are warming so fast - The 
Washington Post

https://www.washingtonpost.com/weather/2023/06/14/record-warm-ocean-temperatures/
https://www.washingtonpost.com/weather/2023/06/14/record-warm-ocean-temperatures/
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Temperature affects chemical processes (such as precipitation 
of calcium carbonate which helps animals make their 
shells), physiological function and water density.

In temperate regions, 
the mixed layer is 
deeper and the 
thermocline less 
pronounced in the 
winter compared to the 
summer (PW).
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You can see from the areas shaded yellow or red that 
there tends to be a larger number of species in warmer, 
tropical waters than in cooler waters towards the poles.

Warming tropical oceans could see ‘widespread and intense’ species 
loss, study warns - Carbon Brief

https://www.carbonbrief.org/warming-tropical-oceans-could-see-widespread-and-intense-species-loss-study-warns/
https://www.carbonbrief.org/warming-tropical-oceans-could-see-widespread-and-intense-species-loss-study-warns/
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Future warming, widespread and intense species loss.
Warming tropical oceans could see ‘widespread and intense’ species 
loss, study warns - Carbon Brief

RCP – Representative Concentration 
Pathways

https://www.carbonbrief.org/warming-tropical-oceans-could-see-widespread-and-intense-species-loss-study-warns/
https://www.carbonbrief.org/warming-tropical-oceans-could-see-widespread-and-intense-species-loss-study-warns/


TIME FOR A BREAK – 5 MINS



Seawater density - Coastal Wiki

DENSITY
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mass per unit volume, such as 
grams per cubic centimeter 
(g/cm3). 

• The density of fresh water is 1 
g/cm3 at 4 degrees C but the 
addition of salts and other 
dissolved substances increases 
surface seawater density to 
between 1.02 and 1.03 g/cm3. 

https://www.coastalwiki.org/wiki/Seawater_density


D
E

N
S

IT
Y

6.3 Density – Introduction 
to Oceanography 
(pressbooks.pub)

Question: What is 
controlling this density 
distribution?

DENSITY

https://rwu.pressbooks.pub/webboceanography/chapter/6-3-density/
https://rwu.pressbooks.pub/webboceanography/chapter/6-3-density/
https://rwu.pressbooks.pub/webboceanography/chapter/6-3-density/
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6.3 Density – Introduction 
to Oceanography 
(pressbooks.pub)

Temperature and salinity are 
the primary factors 
determining density, and of 
these, temperature has the 
greatest impact

DENSITY

https://rwu.pressbooks.pub/webboceanography/chapter/6-3-density/
https://rwu.pressbooks.pub/webboceanography/chapter/6-3-density/
https://rwu.pressbooks.pub/webboceanography/chapter/6-3-density/
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Temperature and salinity are 
the primary factors 
determining density, and of 
these, temperature has the 
greatest impact

Seawater density - Coastal Wiki

DENSITY

https://www.coastalwiki.org/wiki/Seawater_density
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Ocean salinity, 
temperature and density 
— Science Learning Hub

Temperature and salinity are the 
primary factors determining 
density, and of these, temperature 
has the greatest impact

DENSITY

https://www.sciencelearn.org.nz/images/769-ocean-salinity-temperature-and-density
https://www.sciencelearn.org.nz/images/769-ocean-salinity-temperature-and-density
https://www.sciencelearn.org.nz/images/769-ocean-salinity-temperature-and-density


Seawater density - Coastal Wiki
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DENSITY

https://www.coastalwiki.org/wiki/Seawater_density


What is a gyre? (noaa.gov)

https://oceanservice.noaa.gov/facts/gyre.html
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Ocean Mixing – Geophysical Fluid 
Dynamics Laboratory (noaa.gov)

The thermodynamic 
properties of the ocean, 
such as temperature, 
salinity, and buoyancy, and 
dynamic properties, such as 
momentum, energy, and 
vorticity, are governed by 
numerous hydrodynamic 
processes. 

https://www.gfdl.noaa.gov/ocean-mixing/
https://www.gfdl.noaa.gov/ocean-mixing/
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A basic illustration of the depth at 
which different colors of light penetrate 
ocean waters. Water absorbs warm 
colors like reds and oranges (known as 
long wavelength light) and scatters the 
cooler colors (known as short 
wavelength light). Image courtesy of 
NOAA Ocean Exploration.Factsheet: Light and Color in the 

Deep Sea (noaa.gov)

https://oceanexplorer.noaa.gov/edu/materials/light-and-color-fact-sheet.pdf
https://oceanexplorer.noaa.gov/edu/materials/light-and-color-fact-sheet.pdf
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The ocean is divided into three zones based on depth and light level. 

How far does light travel in the ocean? (noaa.gov)

https://oceanservice.noaa.gov/facts/light_travel.html#:~:text=Sunlight%20entering%20the%20water%20may,or%20%22sunlight%2C%22%20zone.
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• Upper layer with maximum light and variable temperature.
• 0-200m variable
• 90% of all marine life

• Plants, marine mammals, sharks, turtles, jellyfish, tuna etc. 
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The abiotic factors that affect the photic zone are availability of light and 
depth of the photic zone, temperature, stratification, salinity, nutrients, and 
currents and tides.
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• Twilight zone
• 200-1000m variable
• Adaptation to the cold
• No plants
• Thin bodies
• Red, black coloration
• Bioluminescence photophores
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LIGHT

Aphotic = also known 
as the Midnight zone
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• 90% of the Ocean
• Extreme pressure
• Fewer organisms

Why are so many deep-sea animals red in 
color?: Ocean Exploration Facts: NOAA 
Office of Ocean Exploration and Research

https://oceanexplorer.noaa.gov/facts/red-color.html
https://oceanexplorer.noaa.gov/facts/red-color.html
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Why are so many deep-sea animals red in 
color?: Ocean Exploration Facts: NOAA 
Office of Ocean Exploration and Research

https://oceanexplorer.noaa.gov/facts/red-color.html
https://oceanexplorer.noaa.gov/facts/red-color.html


Deep Ocean/Benthic Zone - Angelena Mangieri 
(weebly.com)

DEEP OCEAN

Aphotic = also known 
as the Midnight zone

The Benthic/Abyssal zone is the portion of the ocean that is 
below depths of 4,000 meters. It covers about 300,000,000 
square kilometers out of the 510,000,000 square kilometers of 
entire Earth. This makes up 60% of the global surface and 83% 
of the areas of the oceans and seas.

http://angelenamangieri.weebly.com/deep-oceanbenthic-zone.html
http://angelenamangieri.weebly.com/deep-oceanbenthic-zone.html


Deep Ocean/Benthic Zone - Angelena Mangieri 
(weebly.com)

DEEP OCEAN

Aphotic = also known 
as the Midnight zone

As you travel from the surface of 
the ocean downward to the 
seafloor, water pressure increases 
by one atmosphere (or 14 pounds 
per square inch) for every 10 
meters (32.8 feet) of depth. This 
means, for example, at 100 
meters (328 feet), you would 
experience one atmosphere of air 
pressure and 10 atmospheres of 
water pressure, for a total of 11 
atmospheres. Travel to 1,000 
meters (3,280 feet) below the 
ocean’s surface and most 
organisms with gas-filled spaces 
(e.g., lungs) would be crushed by 
the pressures that other deep-sea 
life experience

http://angelenamangieri.weebly.com/deep-oceanbenthic-zone.html
http://angelenamangieri.weebly.com/deep-oceanbenthic-zone.html
https://oceanexplorer.noaa.gov/facts/animal-pressure.html


DEEP OCEAN

Aphotic = also known 
as the Midnight zone

Strange but true: How 
deep sea creatures survive 
hostile habitats | The 
Straits Times

What conditions exist for life in the 
deep ocean? : Ocean Exploration 
Facts: NOAA Office of Ocean 
Exploration and Research

https://www.straitstimes.com/singapore/environment/strange-but-true-how-deep-sea-creatures-survive-hostile-habitats
https://www.straitstimes.com/singapore/environment/strange-but-true-how-deep-sea-creatures-survive-hostile-habitats
https://www.straitstimes.com/singapore/environment/strange-but-true-how-deep-sea-creatures-survive-hostile-habitats
https://www.straitstimes.com/singapore/environment/strange-but-true-how-deep-sea-creatures-survive-hostile-habitats
https://oceanexplorer.noaa.gov/facts/deep-habitat.html
https://oceanexplorer.noaa.gov/facts/deep-habitat.html
https://oceanexplorer.noaa.gov/facts/deep-habitat.html
https://oceanexplorer.noaa.gov/facts/deep-habitat.html


Deep Ocean/Benthic Zone - Angelena Mangieri 
(weebly.com)

DEEP OCEAN

Carbon Cycle – CO2 is very important in 
the deep ocean. many organisms thrive 
off of hydrothermal vents. The vents 
send out heated water which creates 
currents of debris. The organisms use a 
process called chemosynthesis, which 
is the conversion of one or more 
carbon molecules and nutrients into 
organic matter through oxidation, to 
create food.

http://angelenamangieri.weebly.com/deep-oceanbenthic-zone.html
http://angelenamangieri.weebly.com/deep-oceanbenthic-zone.html


The Deep Sea | Smithsonian Ocean (si.edu)

HYDROTHERMAL VENTS

Black Smokers

https://ocean.si.edu/ecosystems/deep-sea/deep-sea


The Deep Sea | Smithsonian Ocean (si.edu)

HYDROTHERMAL VENTS

Black Smokers

https://ocean.si.edu/ecosystems/deep-sea/deep-sea


The Deep Sea | Smithsonian Ocean (si.edu)

Colour – indicator of what 
chemicals the vents are 
comprised of

HYDROTHERMAL VENTS

https://ocean.si.edu/ecosystems/deep-sea/deep-sea


The Deep Sea | Smithsonian Ocean (si.edu)

Colour – indicator of what 
chemicals the vents are 
comprised of

HYDROTHERMAL VENTS

Sulfides = black 
vents

https://ocean.si.edu/ecosystems/deep-sea/deep-sea


The Deep Sea | Smithsonian Ocean (si.edu)

Colour – indicator of what 
chemicals the vents are 
comprised of

HYDROTHERMAL VENTS

Sulfides = black 
vents

Byrite = white 
vents

https://ocean.si.edu/ecosystems/deep-sea/deep-sea
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illumination cues to synchronize 
their biological rhythm.

• Moonlight governs their 
physiology and behavior and 
reproduction. 

• It’s all too easy for artificial 
wavelengths to mimic that orb’s 
light.

LIGHT



Underwater ALAN disrupts the 
timing of broadcast spawning by 
scleractinian corals (Davies et al, 
2023). Frequency histograms of the 
days spawning is observed relative 
to full moon (zero on the x-axis) in 
corals exposed to underwater light 
pollution (pink) and not exposed 
(blue).
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Research shows several species have 

lost their reproductive synchrony. 

WHAT ABOUT 
ARTIFICIAL LIGHT?



WHAT ABOUT ARTIFICIAL LIGHT?
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• The impacts were significant.

• Changes in environmental conditions, 
such as artificial light may also cause 
damage in less visible ways. 

• Corals that reproduce by broadcast 
spawning are particularly vulnerable 
because their reproductive phenology 
is governed by environmental cues

Artificial “sky glow” can now be 
detected along 22% of the world’s 
shorelines
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• Corals exposed 
• Corals exposed to artificial light had higher levels of 

free radicals, or chemically-reactive forms of oxygen 
that cause damage to DNA, proteins, and cellular 
structures. 

• Algae populations living symbiotically inside the corals 
fluctuated abnormally. Their rates of photosynthesis 
declined (Ayalon, 2019).

• Synchrony breakdown reduces the probability of 
successful fertilization, leading to a dearth of new 
recruits, which may drive aging populations to 
extinction.

WHAT ABOUT ARTIFICIAL LIGHT?
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• Fobert et al (2021)

• An increasing amount of artificial light at night in coral reefs, even at relatively 
low levels, masks natural cues that trigger clownfish eggs to hatch after dusk.

Eggs incubated in the presence of 
artificial light had a zero hatching 
success rate.

WHAT ABOUT ARTIFICIAL LIGHT?



TIME FOR A BREAK – 5 MINS



• What Causes Tides?

TIDES

How frequent are tides? (noaa.gov)

Coastal areas experience two low tides and two high tides every lunar 
day, or 24 hours and 50 minutes.

https://oceanservice.noaa.gov/facts/tidefrequency.html


https://www.youtube.com/watch?v=tcGEjzt_4is

Simulation

TIDES
Amplification of tides is due to resonance with continental shelf, 
coastline configuration, narrow straits.

Intertidal Areas: The Intertidal Zone - 
Introduction to Intertidal Areas (weebly.com)

https://www.youtube.com/watch?v=tcGEjzt_4is
https://intertidalareas.weebly.com/
https://intertidalareas.weebly.com/


CURRENTS

• Horizontal circulation in all the major ocean basins are know as gyres 

•  Large ones in the sub-Tropical Pacific and Atlantic Ocean

•  Clockwise in Northern Hemisphere

•  Driven by atmospheric circulation, coriolis effect and coastal configuration 



UPWELLING

Ocean upwelling is an important process that 
recycles nutrients and energy in the ocean. As wind 
(green arrows) pushes offshore, it causes water from 
the ocean bottom (red arrows) to move to the 
surface, bringing up nutrients from the ocean depths.

Biotic and Abiotic Factors | Biology for Majors II (lumenlearning.com)

Ocean Motion : Definition : Wind Driven 
Surface Currents - Upwelling and 
Downwelling

Scientists Say: Upwelling (snexplores.org)

https://courses.lumenlearning.com/suny-wmopen-biology2/chapter/biotic-and-abiotic-factors/
http://oceanmotion.org/html/background/upwelling-and-downwelling.htm
http://oceanmotion.org/html/background/upwelling-and-downwelling.htm
http://oceanmotion.org/html/background/upwelling-and-downwelling.htm
https://www.snexplores.org/article/scientists-say-upwelling


UPWELLING

Biotic and Abiotic Factors | Biology for Majors 
II (lumenlearning.com)

Ocean Motion : Definition : Wind Driven 
Surface Currents - Upwelling and 
Downwelling

Equatorial upwelling. (A) In this plan view 
of the ocean from 5 degrees S to 5 
degrees N, the trade winds of the two 
hemispheres are shown to converge near 
the equator. The consequent Ekman 
transport away from the equator gives 
rise to upwelling as shown in (B) a 
vertical cross section from 5 degrees S to 
5 degrees N.

https://courses.lumenlearning.com/suny-wmopen-biology2/chapter/biotic-and-abiotic-factors/
https://courses.lumenlearning.com/suny-wmopen-biology2/chapter/biotic-and-abiotic-factors/
http://oceanmotion.org/html/background/upwelling-and-downwelling.htm
http://oceanmotion.org/html/background/upwelling-and-downwelling.htm
http://oceanmotion.org/html/background/upwelling-and-downwelling.htm


WAVES

Ocean currents | National Oceanic 
and Atmospheric Administration 
(noaa.gov)

• Constructive as well as 
destructive 

•  Coastlines are dynamic 
•  Cleansing, oxygenating and 

circulating nutrients 
•  Organism adaptation 

Uhrin and Turner (2018)

https://www.noaa.gov/education/resource-collections/ocean-coasts/ocean-currents#:~:text=Ocean%20currents%2C%20abiotic%20features%20of,flowing%20both%20locally%20and%20globally.&text=Winds%2C%20water%20density%2C%20and%20tides%20all%20drive%20ocean%20currents.
https://www.noaa.gov/education/resource-collections/ocean-coasts/ocean-currents#:~:text=Ocean%20currents%2C%20abiotic%20features%20of,flowing%20both%20locally%20and%20globally.&text=Winds%2C%20water%20density%2C%20and%20tides%20all%20drive%20ocean%20currents.
https://www.noaa.gov/education/resource-collections/ocean-coasts/ocean-currents#:~:text=Ocean%20currents%2C%20abiotic%20features%20of,flowing%20both%20locally%20and%20globally.&text=Winds%2C%20water%20density%2C%20and%20tides%20all%20drive%20ocean%20currents.
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Nicholas, 2009
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Dissolved Oxygen (DO) 
Oxygen from the 
atmosphere enters the 
near-surface waters of 
the ocean. This upper 
layer is well mixed, and 
is thus in chemical 
equilibrium with the 
atmosphere and rich in 
O2. It ends abruptly at 
the pyncnocline, which 
acts like a barrier.

Oxygen « World Ocean Review

The oxygen rich water in the surface zone does not mix readily with 
deeper water layers. 

https://worldoceanreview.com/en/wor-1/ocean-chemistry/oxygen/
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Dissolved Oxygen (DO) (datastream.org)

Dissolved Oxygen (DO) Measures of dissolved oxygen (DO) refer to the amount of oxygen contained in water, 
and define the living conditions for oxygen-requiring (aerobic) aquatic organisms.  

https://datastream.org/en/guide/dissolved-oxygen
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Dissolved Oxygen (DO) in 
the oceans and mechanisms 
of Oxygen Minimum Zones 
(OMZ). 

Frontiers | A Global Ocean Oxygen 
Database and Atlas for Assessing 
and Predicting Deoxygenation and 
Ocean Health in the Open and 
Coastal Ocean (frontiersin.org)

https://www.frontiersin.org/articles/10.3389/fmars.2021.724913/full
https://www.frontiersin.org/articles/10.3389/fmars.2021.724913/full
https://www.frontiersin.org/articles/10.3389/fmars.2021.724913/full
https://www.frontiersin.org/articles/10.3389/fmars.2021.724913/full
https://www.frontiersin.org/articles/10.3389/fmars.2021.724913/full


A
B

IO
T

IC
 F

A
C

T
O

R
S

Oxygen Deficiency

In addition, high 
bioproductivity and the 
resulting large amounts of 
sinking biomass here lead 
to strong oxygen 
consumption at depth, -
especially between 100 
and 1000 metres

Oxygen « World Ocean Review

Marine regions with oxygen deficiencies are completely natural and are mainly located in the mid-latitudes on the 
west sides of the continents. There is very little mixing here of the warm surface waters with the cold deep waters, 
so not much oxygen penetrates to greater depths

https://worldoceanreview.com/en/wor-1/ocean-chemistry/oxygen/
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How the Ocean Sustains Complex Life - 
Scientific American

Dead Zones

Impacts | Virginia Institute 
of Marine Science (vims.edu)

https://www.scientificamerican.com/article/how-the-ocean-sustains-complex-life/
https://www.scientificamerican.com/article/how-the-ocean-sustains-complex-life/
https://www.vims.edu/research/topics/dead_zones/impacts/index.php
https://www.vims.edu/research/topics/dead_zones/impacts/index.php
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Oxygen Cycle and 
Climate Change

• Warmer waters hold less oxygen than 
cooler water, thus making it easier for dead 
zones to form

• Warmer waters will increase metabolism of 
marine creatures, thereby increasing their 
need for oxygen

• Warmer temperatures and increased runoff 
of freshwater will increase stratification of 
the water column, thus further promoting 
the formation of dead zones

• Increased runoff will also increase nutrient 
inputs into coastal waterbodies

Dead Zones and Climate Change | Virginia Institute of Marine Science 
(vims.edu)

https://www.vims.edu/research/topics/dead_zones/climate_change/index.php
https://www.vims.edu/research/topics/dead_zones/climate_change/index.php
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Oxygen Cycle and 
Nutrients
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Measures concentration of hydrogen ions in 
solution

Scale 0-14
Logarithmic scale – each change of 1.0 represents a 
factor of 10. 
pH 3.0 is ten times more acidic than pH 4.0 
Average pH seawater is 8.2 
Seawater does not alter pH appreciably – natural buffer
 
pH above 9.0 or below 5.0 – survival rates fall 

Understanding the Science of Ocean and Coastal Acidification | US 
EPA

https://www.epa.gov/ocean-acidification/understanding-science-ocean-and-coastal-acidification#:~:text=Today%2C%20average%20ocean%20pH%20is,ten%2Dfold%20increase%20in%20acidity.
https://www.epa.gov/ocean-acidification/understanding-science-ocean-and-coastal-acidification#:~:text=Today%2C%20average%20ocean%20pH%20is,ten%2Dfold%20increase%20in%20acidity.
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In the 200-plus years since the industrial revolution began, the pH of 
surface ocean waters has fallen by 0.1 pH units. This might not sound 
like much, but the pH scale is logarithmic, so this change represents 
approximately a 30 percent increase in acidity.

Ocean acidification 
| National Oceanic 
and Atmospheric 
Administration 
(noaa.gov)

https://www.noaa.gov/education/resource-collections/ocean-coasts/ocean-acidification
https://www.noaa.gov/education/resource-collections/ocean-coasts/ocean-acidification
https://www.noaa.gov/education/resource-collections/ocean-coasts/ocean-acidification
https://www.noaa.gov/education/resource-collections/ocean-coasts/ocean-acidification
https://www.noaa.gov/education/resource-collections/ocean-coasts/ocean-acidification
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In the 200-plus years since the industrial revolution began, the pH of 
surface ocean waters has fallen by 0.1 pH units. This might not sound 
like much, but the pH scale is logarithmic, so this change represents 
approximately a 30 percent increase in acidity.

As Oceans Absorb CO2, They Become More 
Acidic | GlobalChange.gov

https://www.globalchange.gov/browse/multimedia/oceans-absorb-co-2-they-become-more-acidic
https://www.globalchange.gov/browse/multimedia/oceans-absorb-co-2-they-become-more-acidic
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How the Ocean Sustains Complex Life - Scientific American

Abiotic 
Factors in 
Oceans

Interplay of 
many 
different 
gradients 
and abiotic 
factors

https://www.scientificamerican.com/article/how-the-ocean-sustains-complex-life/
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How the Ocean Sustains Complex Life - 
Scientific American

Abiotic 
Factors in 
Oceans

Interplay of 
many 
different 
gradients 
and abiotic 
factors

https://www.scientificamerican.com/article/how-the-ocean-sustains-complex-life/
https://www.scientificamerican.com/article/how-the-ocean-sustains-complex-life/
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Chlorophyll A

• Factors affecting growth: 
• Sunlight 
• Nutrient availability(nitrate & phosphate) 
• Stratification 
• Temperature 
• Water quality 

Used to measure relative abundance 
phytoplankton.

Concentrations generally highest just 
beneath surface waters rather than at the 
surface Chlorophyll Concentration (1 month - Aqua/MODIS) | NASA

https://neo.gsfc.nasa.gov/view.php?datasetId=MY1DMM_CHLORA&date=2023-07-01


• Oceans - Climate 
change 
(weebly.com)

CLIMATE
CHANGE

https://climatechangesite.weebly.com/oceans.html
https://climatechangesite.weebly.com/oceans.html
https://climatechangesite.weebly.com/oceans.html


Summary

Species are affected by chemical, biological and physical factors

Establishing an understanding of what shapes our marine 
environment and how this affects organisms living there – critical for 
management. 

All of which affect their distribution and physical distribution.
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TIME FOR A BREAK – 5 MINS



What is a gyre? (noaa.gov)

a) What major factors affect the ocean’s productivity levels? (5) b) Using examples taken from previous El Nino 
events, identify and evaluate the main changes to our oceans as a result of higher sea surface temperatures (30) 
c) What evidence is there that marine species around the UK are being affected by changes to ocean circulation 
and temperature increases? (15) Discuss how climate change is affecting our oceans? You will be expected to 
consider the physical and biological impacts and provide detailed and credible statistics to emphasise your 
arguments. (100)

Previous exam questions…

https://oceanservice.noaa.gov/facts/gyre.html
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