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1 Introduction  

It is obvious that an ecosystem that covers 70% of the planet is important to its functioning. 

Around 59% of the globe’s surface is covered by deep ocean, a combination of vast, largely level 

expanses of sediments lying 3000 to 4000 m below sea level and the deeper trenches and less 

deep rises. The continental margins, or shelf seas, make up just 11% and our voyage around the 

British Isles will cross a small proportion of this. 

The ocean is quite special as a habitat. Think of it: on land, the inhabited zone on land extends 

only a few tens of metres above ground and a few metres below ground (give or take 

specialised microorganisms).  The oceans are different: they are inhabited from their surface to 

the deepest ocean trenches over 11000 m deep, and therefore, this vast habitat provides 99% 

of the living space on the planet.  

I think fact this alone is reason to cherish, understand and protect this habitat in all its diversity. 

And yet, only in the past few years have we developed the technology to visit and study the 

most remote, dangerous and deepest places in the ocean, including the waters below the 

floating glacier tongues of Antarctica, deep sea trenches and areas where new crust is 

spectacularly created by ocean-floor spreading. In these challenging habitats, new life forms are 

still being discovered and knowledge of the life cycles of species we know is completed. 

Unfortunately, we have treated water in general and the oceans in particular with utter 

contempt. For millennia, water has been abused for carrying our waste. Its qualities as a 

solvent, its abundance and movement make it an ideal carrier to disperse and dilute, wash away 

and ‘hide’ our discharges. When the planet was sparsely populated and our wastes limited to 

‘organic’ products, such as excrement, plant and animal wastes, the ecosystem service of 

wetlands, rivers and coastal seas were able to process our discharges. At 7.5 billion inhabitants 

and a life style that is based around consumer products generated by the food, petrochemical 

(synthetic compounds, plastics, pharmaceuticals) and metal industries (from mercury to 

lithium), that is no longer the case. Our oceans are choking in plastic waste at all depths, erosion 

and sewage carry nutrients and sediments onto shelf seas, where eutrophication and turbidity 

choke the most precious shallow sea communities, from sea grass to coral. Persistent organic 

substances and metals poison the food chain, with the most charismatic and economically 

valuable top predators (tuna, marine mammals, polar bears) accumulating the highest 

concentrations. Overfishing and bad fishing practices are still endangering many species and 

now extend to the most pristine habitats, from the Arctic to the deep sea and the Antarctic, 

often promoted by new superfood crazes (check out red krill oil for example Braungardt 2020a). 

And then there is climate change, probably the biggest threat to the world as we know it (or 

knew before COVID-19 changed everything). You all know a lot about climate change already 

and we will discuss some specifics around experiments we can run aboard. 

Antarctic%20Krill%20–%20consequences%20of%20the%20next%20‘super-supplement’%20craze
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Phew! Not very uplifting. Now for something positive: the world is waking up, fewer and fewer 

people are ‘climate change sceptics’ (although there are some pretty important ones around), 

more and more individuals are becoming aware and changing behaviour, pressuring 

government and industries to change their ways. There is no ‘one’ solution – there are many, 

and at all levels of society. I’ve not got the answer, but there is one thing I know: without 

knowledge, data and verifiable facts, there is no understanding and without understanding, 

effective solutions to today’s challenges will not be found. 

So, that’s what we are here for: to develop understanding. And with deep understanding of the 

environment comes a deep connection – we are part of nature – and what you are part of, you 

protect, don’t you? 

This Ocean Science Education Programme is a prototype. I’ve developed the concept from the 

experience of a pilot voyage aboard the Pelican in August 2019 and hope to obtain feedback 

from you testing it on the Darwin200 UK voyage. Read, learn, think, observe, experiment, 

discuss, interpret – in short, experience what we do and how we do it and let us know what is 

good and what can be improved. You can tell us directly or contact me at 

cbraungardt@plymouth.ac.uk later on, when you’ve had time to reflect. 

Meanwhile, be curious, explore, question and have fun! 

Charlotte 

 

  

mailto:cbraungardt@plymouth.ac.uk
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Dear Young Scientists,  

The world’s oceans are fabulously diverse, ecologically rich, complex, interactive environments 

whose function depend on a range of processes that we need to understand in order to explore 

how the oceans work and, importantly, to provide solutions to the environmental challenges 

the oceans are experiencing as a result of human activity. I echo Charlotte’s introductory 

thoughts in so many ways, she has set out many of the key aspects of the oceans and why we 

should all value them and be striving to preserve what after all is unique environment.   

The Rare Earth theory proposes that in all off not only our galaxy of some 200 million stars but 

also in the Universe of maybe 200 million galaxies, this little blue planet we all live on maybe the 

only one of its kind, an astonishing thought! Surely it is worth looking after and passing on to 

future generations in a better state than we first found it.  

 The oceans are integral to the health of our world, such concepts are captured in the Gaia 

hypothesis as put forward by a ground breaking, independent scientist James Lovelock. The 

Gaia hypothesis, named after the ancient Greek goddess of Earth, proposes that Earth and all of 

its ecosystems, whether terrestrial, aquatic or atmospheric are interconnected and 

interdependent and ultimately behave as a huge single ‘organism’. This organism has a series of 

positive and negative self-regulatory feedback loops that keep the conditions on the Earth 

within boundaries that allow it’s fabulously diverse life to develop and prosper.   

We all live in a synergistic world and interact with systems around us in a myriad of ways. We 

will consider some of these oceanic ecosystem functions in ways that you will read about in the 

sections below and which we will explore and learn about on board the Tall Ship Pelican. 

Be inquisitive, enthusiastic, ask questions, and enjoy the unique experience on board,   

Best wishes 

Richard 
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2 Marine Environmental Science    

2.1 Why the oceans are important    

As you can estimate from the map (Figure 2-1), the four oceans (Atlantic, Pacific, Indian and 

Southern Oceans) cover nearly 71% of the worlds surface with land (mainly the continents) 

covering just over 29%. The oceans contain 97% of the world’s water. Freshwater constitutes 

the remaining 3% and we depend on just one third of this i.e. 1% of the total water on the 

planet. The oceans also support the greatest abundance of life on the planet.  

For example, coral reefs, occupy some 3% of shallow marine waters, and are home to more 

than a million species. This is why coral bleaching, which affected just 8% of reefs in the 1980s 

and increased to 31% in 2016 (Dunne 2018) is such an important issue. Coral bleaching, for 

example devastating 50% of the Great Barrier (National Geographic, 2018, 

https://www.nationalgeographic.com/magazine/2018/08/explore-atlas-great-barrier-reef-

coral-bleaching-map-climate-change/),  reef Australia, occurs due to warmer than usual waters 

which cause the corals to expel the phytoplankton (dinoflagellates) that live inside the coral in a 

symbiotic relationship (both species benefit in different ways,) as it appears to be toxic to the 

coral. The coral then dies of starvation as the phytoplankton provide glucose, trace level 

elements etc. and in return the phytoplankton get protection from their predators. The oceans 

underpin many species, including ourselves, and we do urgently need to protect what remains 

in a (semi-)natural state and restore some of what we have lost.   

  

Figure 2-1 Our Oceans; the Pacific, Atlantic, Indian and Southern cover 71 % of the Earth’s 

surface.. (https://www.mapsofworld.com/world-ocean-map.htm) 

https://www.nationalgeographic.com/magazine/2018/08/explore-atlas-great-barrier-reef-coral-bleaching-map-climate-change/
https://www.nationalgeographic.com/magazine/2018/08/explore-atlas-great-barrier-reef-coral-bleaching-map-climate-change/
https://www.nationalgeographic.com/magazine/2018/08/explore-atlas-great-barrier-reef-coral-bleaching-map-climate-change/
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The infographic (Figure 2-2) clearly shows the importance of the oceans: they underpin the 

health of the planet through a myriad of ecosystem services, not least sustaining human life. For 

example, the oceans provide over half of the oxygen in the atmosphere through primary 

production, supply food to many species in an intricate food web, as well as are a source of 

compounds used in medicine. Oceans contribute to the economies of many countries in terms 

of goods (mainly food) and services (from climate regulation to transport) and they are provide 

us with a great place to learn and have fun with many recreational activities.   

 

Figure 2-2 Why the Oceans are important to us (NOAA, 2019) 

 

The infographic mentions ‘climate regulation’ as one of the important ecosystem services the 

oceans provide. Oceans and seas are instrumental in maintaining the Earth’s climate in a stable 

state. For example, ocean currents transfer heat from the equator to the poles, mixing and 

maintaining a relatively even temperature and in doing so, they drive many of our major 

weather systems. This is particularly evident in the British Isles (and other island states) where 

the effects of the Atlantic Ocean are evident in terms of west-east tracking weather systems 
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arriving at the western coast. Increasingly, these include particularly deep depressions 

accompanied by destructive storms, that appear to increase in frequency and intensity.  

  

In terms of anthropogenic climate change, the oceans are currently absorbing a good part of the 

carbon dioxide (CO2) released into the atmosphere from our burning of fossil fuels. Prior to the 

industrial revolution (began approx. 1750 in the UK, CO2 then at 180 parts per million (ppm)), 

the oceans released CO2 into the atmosphere to maintain the equilibrium between sea surface 

and atmospheric carbon dioxide concentrations. This was a time when plant growth was limited 

by atmospheric CO2 concentrations, which plants require as carbon source in the process of 

photosynthesis.  However, as the atmospheric CO2 levels rose increasingly rapidly (especially 

since the 1950s) after the industrial revolution to the current concentration of 409 ppm, the 

gradient shifted to higher concentrations in the atmosphere, than the ocean waters. Therefore, 

oceans are now net sinks, absorbing CO2. To date, approximately 50% of the CO2 released by 

anthropogenic activities remains in the atmosphere, while 25% is absorbed by land plants and 

trees, and the other 25% is absorbed into certain areas of the ocean. Colder waters absorb 

more CO2 than warm waters, so the polar regions tend to be greater sinks of CO2.  

 

2.2 Solutions to challenges 

As individuals interested in the marine environment, and probably conservation, you will be 

familiar with many of the challenges we are going to investigate through this Ocean Science 

Programme. You will have read, heard, seen and observed with your own eyes evidence of 

marine pollution and litter, algal blooms, turbid waters, coral bleaching, deterioration of marine 

life because of marine litter or toxins and a myriad of other issues. These days, there are no self-

respecting wildlife or nature programmes produced and screened, that don’t refer to the 

detrimental effect humankind has on the planet. 

However, it is important to realise that, although there health of the ocean has been damaged 

by us, scientific investigations provide the knowledge and understanding of natural 

environments and human impact upon them. This is an ongoing process – some of the marine 

environments we are only just starting to explore such as the deep oceans . Importantly, with 

understanding of complex, interconnected systems comes the potential to develop and 

implement solutions, both short and longer term, to the problems we have caused.  

Some examples of solutions:  

1) Managing fishing catches, especially commercial ones, to ensure a sustainable 

population is maintained, embodied in the EU’s designation of limiting the tonnages of 

fish caught in its waters 
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2) Reducing or ideally eliminating chemical pollutant inputs into our rivers and marine 

environments such as changing agricultural practices to reduce nutrient, pesticide, 

insecticide run off by measuring  levels of phosphorus in the soils before applying 

fertilisers, using nature and its predator prey relationship to manage e.g. crop damaging 

aphids.  

3) Legislating to stop the use of single use plastics, replacing plastics with truly 

biodegradable alternatives such as corn starch or seaweed based alternatives, , 

replacing the use of e.g., rayon in clothing and of microbeads in cleansers and resuse of 

plastics 

4) Designating areas as Special Areas of Conservation (SAC) under the EU Habitat Directive 

(92/43/EEC) affords some protection against habitat destruction and species loss 

through careful regulation of many typical human activities. SAC protections does 

extend into the marine environment unlike sites of Special Scientific Interest (SSSI) 

Plymouth Sound and the surrounding area e.g. Wembury, for example, is part of a SAC 

where activities that could damage the protected species are restricted or prohibited 

e.g. commercial fishing, dumping of waste, use of chemicals  on land such as pesticides, 

insecticides.   

Figure 2‑3 Pink Sea Fan Lyme Bay (Lyme Bay 

Reserve.co.uk, 2019)  

5) Marine Conservation Zones (MCZs) are designated areas that are protected from 

fishing, mining, anchoring, jet boat use or other human activities. Nature is great at 

restoring habitats and MCZs are very effective at allowing nature to rebuild the range of 

habitats and therefore, species of all kinds repopulate the area. One of the first and 

largest MCZ in the UK at Lyme Bay along the Dorset coast, which has range of rocky 

reefs close inshore and the largest colony of pink sea fans in the UK (Blue Marine 

Foundation, https://www.bluemarinefoundation.com/projects/lyme-

bay/#:~:text=Lyme%20Bay%20is%20a%20BLUE,fans%20in%20the%20British%20Isles.  

Error! Reference source not found.).  

 

Designation as an MCZ means the area is protected, in particular, against dredging and 

https://www.bluemarinefoundation.com/projects/lyme-bay/#:~:text=Lyme%20Bay%20is%20a%20BLUE,fans%20in%20the%20British%20Isles.
https://www.bluemarinefoundation.com/projects/lyme-bay/#:~:text=Lyme%20Bay%20is%20a%20BLUE,fans%20in%20the%20British%20Isles.
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trawling for fish. The approach has been very effective at restoring the marine 

ecosystem and has seen a 22% increase in pink sea fans, a 52% increase in other species 

and 4.5 times more lobsters. Some sustainable catching of species is allowed in limited 

numbers of pots for crabs and lobsters, as it is also important to realise that 

conservation measures are enhanced when working with local communities and 

industry, including as fishermen, who are trying to earn a living from the sea as they 

have done for many years.- 

6) Coral Farming is another interesting conservation approach to help restore coral reefs 

damaged by warming seas (coral bleaching), the run off from land based effluent (e.g. 

pesticides, sun creams, nutrients, particles), fishing, trawling or use of dynamite to stun 

the fish. To farm coral, small samples of corals are collected from an undamaged area 

and then grown on for several months using submersed platforms (Figure 2-3). When 

sufficient in size, they are split into smaller samples and transplanted to the areas to 

replace damaged corals. Within a short time, fish, crustaceans and other species take up 

residence and make them their home (BBC Earth, 

https://www.youtube.com/watch?v=0UlnRnHWFqU)) 

  

Figure 2-3 Coral Farming underway – (aboutthecoralreef.weebly.com) 

 

In all of this, the importance of Government Policy and Global Agreements cannot be 

overestimated. Solutions to environmental problems are most successful when embraced and 

implemented at large scale: governmental and inter-governmental but also at community level 

as often the cooperation of the local community is integral to policy success and communities 

can benefit economically from some conservation strategies e.g. restoring fish stocks.  Oceans 

have no boundaries! Europe is at the forefront of implementing such conservation policies, not 

only marine but also land based. It is quite possible that our actions over the next 10 years will 

determine the state of the oceans for the next 10,000 years (Silva Earle, Oceanographer).  

https://www.youtube.com/watch?v=0UlnRnHWFqU)
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3 Oceanography 

Fundamental to finding viable solutions is understanding. Here, we briefly cover some 

basics of physical and chemical oceanograpny, including circulation, mixing, 

stratification, composition in both, inshore seas and in the open ocean. 

 

3.1 Why are the seas salty?  

You may have wondered why seawater tastes so salty when you first dipped in as a kid. 

Seawater is a complex cocktail of many elements, with sodium and chloride (NaCl i.e. salt) 

making up 86 % of all the dissolved elements by weight (Table 3-1) - hence its salty taste. The six 

ions listed (Cl-, Na+, Mg2+, SO4
2-, Ca2+, K+) are among the ‘major ions’ and dominate the seawater 

solution with 99.4% by weight of the 35 grams of dissolved ions present in each kg of seawater. 

This amount, 35 g/kg or parts per thousand (ppt) of these ions is also known as its salinity. 

Historically, there are various ways of expressing salinity, and today it is typically expressed 

without unit (S = 35) or in practical salinity units (PSU). Typically, seawater salinity has a value of 

S = 35 on average, although it can range from 33 – 37 in certain regions of the oceans.  

The oceans composition has remained pretty constant for the last 1.5 billion years, so can be 

assumed as a steady state, i.e. in equilibrium. However, in equilibrium with what? Rivers are a 

major supplier of dissolved ions from ground water and surface runoff to the sea, including 

HCO3
-, Ca2+, SO4

2-, H4SiO4, Cl-, Na+, Mg2+, K+, PO4
3-. Total dissolved solids in rivers are typically 100 

mg/L, which is about twenty times their concentration in rain water. Most of this difference in 

rain and river water is due to weathering of minerals and rocks, either causing dissolution or 

break up into small fragments, which, washed into rivers are then leaching elements from them. 

Examples of the leaching processes are stalagmites and stalactites in caves which you are 

familiar with and which are formed from the dissolution of limestone by rainwater, which is 

slightly acidic (pH 5.6 in the UK). Rainwater dissolves the limestone, carries it downwards 

(stalagmites), dripping onto the floor forming the stalactite (Figure 3-1). 

However, only a small proportion of the chloride in rivers originates from weathering, it is 

mainly cycled between ocean and land via precipitation. The main source of chloride is 

volcanism, where hydrogen chloride (HCl) is a major constituent of volcanic gasses, very 

prevalent in early Earth history. Other sources include sub-marine volcanism, black and white 

smokers and the atmosphere. We mentioned equilibrium. So, what are the sinks? The answer 

lies in the long-term processes that remove dissolved constituents from the water column of 

the oceans – losses sustained from the deposition of evaporite salts in shallow enclosed basins, 

and from the deposition of sediment on the ocean floor, which, over time will form rocks over 

geological time in the processes created by plate tectonics. 
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Figure 3-1 Stalagmites and stalactites 

formed by the dissolving of limestone 

by rain (Pics4Learning). 

 

 

 

 

Figure 3-2 Typical sources of the elements in the oceans. 

The six major ions (Cl-, Na+, Mg2+, SO4
2-, Ca2+, K+) are also known as conservative elements, as 

their rate of addition is the same as their rate of removal, i.e. they are in a steady state. Their 

high solubility and high concentrations is such, that neither geochemical processes, nor their 

utilisation in small amounts in biological processes affect their relative concentration to each 

other. This means that when water masses of different compositions mix, for example a river 

with seawater, the relative concentration of these ions remain the same, only dilution occurs, 

no removal or addition by processes within the water column, such as the formation of solids 

(precipitation). Therefore, these ions are excellent tracers for mixing, as we shall see later. 
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Table 3-1 Seawater and river waters compard  -  six ions make up 99.4% of the elements 

in seawater (Ponce.sdsu/edu) 

 

Which are the main elements required by marine organisms for growth, reproduction and 

movement? Carbon (C) is used in multiple roles, such as an energy source, building blocks for all 

proteins, sugars, cellulose, muscle fibre, even skeletal parts. Carbon is integrated into cell 

structures and the biochemistry of cells, as are the main nutrients nitrogen (N) and phosphorous 

(P). The concentration ranges of major and minor dissolved constituents in seawater are given in  

Table 3-2.  

 

Table 3-2 Major and minor elements in seawater and their concentration ranges.  
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Important for metabolic function are the trace metals, including iron (Fe), zinc (Zn) and copper 

(Cu), that are present at very low concentrations (hence the name trace). They are often placed 

at the reaction centre of complex molecules and key to their functioning. Examples include iron 

in chlorophyll, which is the molecule that captures the light’s energy in the process known as 

photosynthesis. Other trace metals are involved in enzymes that catalyse reactions (i.e. enabling 

a reaction to happen or speeding up the rate of the reaction), such as hydrolysis or redox 

reactions. Actively taken up in their dissolved form by the cells of living organisms, then utilised 

for growth, reproduction etc., they are released back into the waters after the organism dies. 

Much of trace elements are recycled within the water column by the decomposition of dead 

organisms, although a proportion remain in or are incorporated into particulate matter and sink 

to the sea bed, where they remain for many thousands of years, building layers of sediment.  

Gases that pass through the air sea interface and dissolve are also important constituents of sea 

water. Examples include dissolved oxygen is life-supporting for most marine species that don’t 
photosynthesise (e.g. zooplankton at the base of a complex food web that includes all fish) and 

nitrogen gas (N2) that can be converted to the nutrient N by phytoplankton species.  

 

3.2 Estuaries: a special type of transitional coastal water  

Where rivers meet the coast they often feed into estuaries and shallow near-shore 

coastal seas, which are vital marine habitats, the "nurseries of the sea". They provide a 

protected environment and abundant food, producing 4 to10 times as much organic 

matter per unit area as a cornfield. Estuaries are ideal breeding grounds for shellfish and 

fish and many important species spend part of their life cycle in estuaries. These waters 

are also important for many birds as they are rich in food and nesting areas and for 

many migratory species, the mudflats exposed at low tide are their equivalent of a 

motorway service station. For marine mammals, estuaries and coastal zones also 

provide feeding grounds and nurseries.  

Estuaries are also economically and socially important areas for recreation, and many 

attract large population centres. That makes them vulnerable to damaging inputs of, for 

example, excess agricultural nutrients, pesticides, insecticides, biocides, treated or 

untreated sewage and a whole range of urban pollutants such as fuels and oils, building 

residues to name but a few. We’ll cover some of these issues in more detail in Section 4.  
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3.2.1 Estuarine master variables  

Fundamental to estuarine research is the determination of what are known as ‘master 

variables’. They support understanding of estuarine processes, such as mixing, dilution and 

dispersion, the dissolution and precipitation of elements, (ad)sorption and desorption to and 

from particles and biological cycling of elements. These processes   alter the distribution and 

speciation of elements.  

The way we use the word ‘speciation’ in this context is related to the physical and chemical 

form of an element. This includes whether an element is present dissolved within the water 

column, whether it is in a ‘particulate’ form (i.e. sorbed to a particle suspended in the water 

column), or as a particle within the sediment. Chemical speciation relates to the association of 

an element with other atoms or molecules. For example, the copper may be present in the form 

of the free dissolved ion (Cu2+), complexed by a variety of inorganic compounds (CuSO4, 

CuCO3, CuCl2) as well as complexed by a variety of organic molecules, most notably humic and 

fulvic acids, collectively known as dissolved organic carbon (DOC) that are energy sources for 

e.g. bacteria and also vectors for moving elements bound to them though aquatic systems.  

The important point to note is that the biologically available forms of elements are dissolved 

species, and specifically, free ionic forms are more readily taken up by organisms, such as 

phytoplankton cells, than an element associated with larger, more complex organic molecules.  

The estuarine master variables are:   

• salinity, i.e. how salty the water is, and related to the electrical conductivity   

• conductivity, i.e. a measure of the amount of dissolved solids in water  

• temperature  

• pH, i.e. how acid or alkaline the water is  

• dissolved oxygen and  

• suspended particulate material (SPM).   

We will undertake measurements of these in on board Pelican using a range of equipment that 

allows us to investigate how the master variables change with depth.   

Salinity: Estuaries have a range of salinity from 35 PSU in seawater to 0-5 PSU at the river 

freshwater end, and when these two endmembers mix, salinity is diluted conservatively, that is 

in direct proportion to the relative proportion of sea and fresh water. Salinity within the estuary 

affects many other parameters, most visibly notable the SPM. When freshwater mixes with 

seawater the particulates flocculate, i.e. clump together, and many sink to the estuary bed 

(Figure 3-3) taking with them metals and the key nutrient phosphorus which is only sparingly 
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soluble and attaches to particulates e.g. soils and is therefore washed off agricultural land into 

rivers in this form.   

 

Figure 3-3 Process of flocculation – mixing of 

sweater with freshwater 

(Repository.tudelift.nl) 

 

 

 

pH: The pH of sea water in most areas is a constant 8.2 and has been for many millions of years, 

compared to rainwater (pH 5.6), unpolluted freshwater rivers (pH 6-7), which is the favoured pH 

for many freshwater aquatic species. Localised, and limited to daylight hours, within 

phytoplankton blooms, values of pH >9 have been observed, a result of the drawing down of 

carbon dioxide by photosynthesis. Rivers impacted by metal mining are commonly at pH 3-5 

(Braungardt 2017), and with some exceptions, mixing with seawater neutralises acid mine 

drainage effectively. Low pH also occur naturally in waters draining peat, e.g. Dartmoor. At low, 

acidic pH values, some elements, including many essential trace metals, dissolve more easily. 

Others, for example alumninium, precipitate at alkaline (pH > 7) conditions, again illustrating 

the complexity of speciation and how this is affected by master variables.  

Dissolved oxygen (DO): Well mixed natural waters generally are near oxygen saturation, 

expressed as DO = 85-100%, and surface waters can become supersaturated (i.e. >100%), due to 

breaking waves trapping oxygen or the photosynthetic activity within a phytoplankton bloom. 

Aquatic organisms are badly affected by reduced levels of oxygen saturation (<60 %, suboxic) 

and killed when DO levels drop further due to the dying and decomposition of algal blooms (see 

below), or the presence of organic pollution (e.g. sewage, farm waste, milk spills), for which low 

DO measurements are an important indicator.  

Temperature: Temperature can be an indicator of different water masses mixing, e.g. seawater 

and river water, or warmer sewage with colder marine waters. Temperature affects the density 

of water: colder water is denser and therefore sinks below warmer water; warm water expands, 

which makes it less dense than cooler water and so it rises up. In estuaries the combined effect 

of this interplay and the greater density of seawater due to dissolved salts (salinity) means that 

fresh water floats on top of the sea water. Some vertical mixing also occurs where the two 

water masses meet and again, we will make measurements in estuaries to identify these 

processes when on board Pelican.  
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3.2.2 Mixing and circulation in estuaries 

The composition of estuarine waters is influenced by the degree of mixing of freshwater with 

seawater which depends, in part, on the estuary type. Some elements have concentrations 

related to physical mixing of fresh and seawater, known as conservative elements (e.g. Na, Cl…). 
Others change dissolved concentration within the estuary due to biological uptake or release  

(e.g. N, P, C) or processes of dissolution and precipitation (e.g. Cu, Fe..), these are termed ‘non-

conservative’ elements.  

The mixing/circulation of waters is also driven in part by wind that creates waves mixing up the 

water column, and also by differences in density between seawater and freshwater ( 

Figure 3-4, Figure 3-5). Density is controlled by the amount of 

dissolved species in a set volume of water (salinity) and temperature 

(see above). These processes result in salt water being denser than 

freshwater and therefore freshwater floats on top of seawater as we 

will see onboard Pelican when in an estuary. 

 

Figure 3-4 Schematic of estuarine processes that distribute elements in an estuary  

 

                

                                                    

Figure 3-5 Density explained by the amount of dissolved species in a given area of water. 

In summary, estuaries are highly dynamic and complex systems, with constantly 

changing composition that depends on the catchment inputs from rivers, industrial and 

urban effluents (e.g. particles, metals, such as Zn and Pb from paints, car tyres, 

galvanised metal, sewage and agricultural inputs, nutrients and pharmaceutical 

products).  
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Estuaries trap most of the suspended particulates (SPM) with an exchange of elements 

onto and off the SPM. They also have variable nutrient (N &P) levels depending on 1) 

whether freshwater or seawater dominates the water column, 2) nutrient sources and 

3) biological uptake of nutrients. We will aim to examine some of these aspects on the 

Pelican by profiling the water column in terms of the key variables, including salinity, 

temperature, pH, and then collecting water samples for onboard analysis of nutrients 

(Section 4). 

 

3.2.3 Algal blooms 

Estuarine activities e.g. dredging, can re-suspend particulates from the estuary bed releasing for 

example phosphorous (P) which together with other nutrient inputs from the land and air 

(Figure 3-6) can trigger a damaging algal bloom (Figure 3-7)  

 

 

 

Figure 3-6 Process that can result in an algal bloom, the addition of nutrients and 

phytoplankton excess growth and the resultant effects.  (inciyil17.wordpress.com) 



  

 

 17 

 

              

Figure 3-7 1) a destructive algal bloom (left)  2) USA algal bloom seen from space (right) 

Some algal blooms also release toxins into the waters and are known as harmful algal 

blooms (HABS) also known as ‘red tides’, as a result of their appearance. Algal blooms 

can be also very damaging in other ways, as the bloom shades species, limiting light 

penetration and therefore photosynthesis by benthic algae (macroalgae). Benthic algal 

blooms and dead cells of algal blooms may smother the bed of the estuary, with its 

important invertebrate and fish species. In addition, when dying algal blooms are food 

for bacteria, which break down the organic cell matter and this uses up a lot off (or all) 

of the oxygen in the water column. This can cause widespread fish kills and the death of 

other species that rely on dissolved oxygen, including crustaceans and invertebrates.   

 

3.3 Boundary layers in the water column – ‘Clines’  

A cline is a comparatively thin layer where a property of a body of water changes over a short 

distance, i.e. the property exhibits a steep gradient. The effect of this boundary layer or cline is 

the prevention of mixing between water masses and therefore it is difficult for elements, 

including nutrients, and non-motile phytoplankton, to cross the cline, restricting their 

movement up and down the water column.  

An example is a thermocline that develops due to sun warming (hence the name thermo) 

waters at the surface of the ocean. It can be weaker or stronger in different areas of the world 

and also seasonal (Figure 3-8). The division of the waters into such layered zones is known as 

stratification. 
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 Figure 3-8 Thermoclines a) polar region, temperate zones (mid latitudes), tropical 

zones and b) seasonal clines.  (Pinet, 2006) 

 

3.3.1 Nutrient profiles and thermoclines 

The nutrients N, P and Si are essential for phytoplankton growth, the root of the food web in the 

oceans, and are taken up by them through their cell walls. This biological process results in 

nutrient depth profiles (Figure 3-9) that are:  

a) surface depleted - biological uptake by phytoplankton depletes concentration in the photic 

zone (see also Section 4) 

b) enriched at depth as the dead phytoplankton cells and wastes drift downwards and are 

broken down by the action of bacteria, releasing/recycling the nutrients, carbon and trace 

metals back into the water column.   
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Figure 3-9 Typical nutrient depth profiles in open ocean waters with a thermocline. 

Due to the formation of a thermocline, the waters are stratified, or layered, preventing the 

supply of nutrients from below the thermocline to phytoplankton above. Exceptions are areas 

of the ocean where upwelling occurs (more about that later). 

  

3.3.2 Dissolved oxygen in the oceans 

Oxygen is key for most marine organisms and therefore, an important parameter to measure in 

the waters, as we will do with specialised scientific equipment (CTD – Conductivity Temperature 

Depth) on Pelican. Oxygen diffuses across the air-sea boundary and is produced as a by-product 

of photosynthesis. It is used up by marine organisms, including fish and zooplankton, in a 

process called respiration (which also occurs during dark periods in phytoplankton) and 

particularly so by bacteria breaking down dead phytoplankton/zooplankton cells and other 

organic matter (e.g. faecal pellets) that accumulate at the thermocline boundary layer, 

therefore resulting in a reduction in its concentration (Figure 3-10).            

At the thermocline oxygen profiles generally mirror those for nutrients, I.e. are in reverse, with 

the dissolve oxygen depleted at stratified boundary e.g. thermocline due to bacterial usage 

during remineralisation of marine particles including phytoplankton i.e. their breakdown that 

reduced dissolved oxygen levels. The lowest oxygen concentration is found at mid depths (200 

to 2,000 m). At depth the dissolved oxygen rises in deep waters due to mixing with Oxygen rich 

deeper waters distributed via the thermohaline conveyor belt (THC) 
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Figure 3-10 Typical dissolved oxygen and phosphate profiles in seawater (Data from GEOSECS 

study)   

 

3.3.3 Phytoplankton growth in the UK and other temperate zones   

Temperate zones in mid latitudes (e.g. the British Isles) feature strong seasonal patterns in 

primary productivity (PP) due to light and temperature limitations (Figure 3-11).  

• In winter, low light and water temperatures allow only low levels of phytoplankton 

growth, despite well the mixed waters (often by wind and absence of warming from the 

atmosphere) and sufficient nutrients in photic zone. 

• In spring, light and water temperatures rise and phytoplankton growth commences and 

algal blooms can occur. A thermocline/stratification then forms as the water warms, 

restricting nutrient resupply from below.  

• In summer, algal blooms decline due to nutrient uptake / depletion, as well as enhanced 

zooplankton grazing on the algae.  

• Early in autumn the sun’s warmth is reduced, water temperature falls, the thermocline 

weakens and some upward mixing of nutrient-rich waters occurs, the light is still 

sufficient and a second (weaker) algal bloom can occur. 

The thermocline also restricts downward drift of phytoplankton, nutrients, trace metals and 

therefore, these accumulate at the boundary layer, which is why it is always good to sample 

above, in and below the thermocline in order to establish processes that occur in the water 
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column (Figure 3-12). We will be able to identify these zones with the CTD and the instruments 

on it. 

Nutrients - - - - - -  
Biomass   

Water temp - - - - - -  

  
 

Figure 3-11 The seasonal interaction of nutrients, light and water temperature and the resulting 

phytoplankton biomass in the North Atlantic mid latitudes e.g. UK (Pinet,  2006) 
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Figure 3-12 Summary of oceanographic processes ongoing at a thermocline and nutrient levels.  

 

3.4 The Ocean in Motion - circulation and mixing processes 

We will now briefly look at the processes that drive some of the key open ocean circulation and 

mixing processes that are so important in distributing the nutrients, trace metals and dissolved 

oxygen around the world (as well as pollutants). The ocean circulation result in otherwise 

nutrient, trace metal and often oxygen depleted waters (due to them being far from the inputs 

discussed earlier), being enriched and productive. Upwelling is of deep, rich waters to the 

surface occurs often due to sea mounts or in geographic locations where the rise of the 

continental shelf is sheer from the abyssal plains (e.g. off the Horn of Africa, west coast of South 

America). Upwelling also occurs due to temperature and density gradients (more about this 

later).  

The rise of deep waters enriched in micro and marcro-nutrients stimulates the growth and 

reproduction of phytoplankton, which are eaten by small and larger zooplankton and on up the 

food chain, by fish and up to large marine mammals, such as dolphins and whales. This is the 

reason why the Horn of Africa is so great for whale and dolphin spotting.     

Without this circulation system the world’s oceans would be much less rich in biodiversity, i.e. 

the huge range of species that we all value. We will also briefly consider the potential impact of 
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climate change on these distribution processes and therefore the impacts on the rich 

biodiversity. Three processes control oceanic circulation:  

1) Tidal forces due to the moon (i.e. lunar), these particularly affect inshore areas 

2) Winds that cause currents in surface waters, these do ‘drag’ deeper waters in the same 

direction, down to 400 m in depth 

3) Water density differences, these especially affect deep water circulation e.g. the 

thermohaline conveyor belt and the Gulf stream. Density differences of ocean waters are 

controlled by:  

(a) Temperature (thermo),    (b) Salinity (haline)      (c) Pressure (depth) 

  

3.4.1 Thermohaline circulation (THC) 

This global deep water circulation (Figure 3-13) interconnects four of the five oceans and 

transports vital nutrients, trace elements and dissolved oxygen around the world and between 

deep and surface layers of the ocean. This is called the Thermohaline circulation. Locations of 

upwelling supply nutrients, DO and trace level micronutrients (e.g. Fe) contained in deep waters 

to the surface, so stimulating phytoplankton growth and therefore also supporting many other 

marine organisms. This deep water circulation is driven by density differences, which in turn is 

related to salinity and temperature (see above). It takes approximately 1,600 years for North 

Atlantic water to reach the Pacific, as it moves only at a few centimetres per second.          

This link will take you to a great video that shows the THC in action: Thermohaline Conveyor 

belt video (http://www.youtube.com/watch?v=3niR_-Kv4SM).           

Where does this conveyor belt start?  

Cold, dense Artic waters plunge downwards to the sea bed in 15 km wide chimneys, and start 

their slow journey around the world, surfacing, for example in the Indian Ocean and near the 

Antarctic Peninsula, ending in the North Pacific, where they rise to the surface and eventually 

return as surface flow to the North Atlantic, before starting all over again.   

There is some concern that due to climate change (loss of Artic glacial ice, warmer waters in 

general) the THC may be slowing down. Without the THC and its distribution of nutrients, 

dissolved oxygen, trace metals,  the oceans would be considerably depleted in marine 

organisms of all kinds as they are interconnected in a complex food web. Furthermore, 

Northern Europe would be a much colder place (see below).  

 

Thermohaline%20Conveyor%20belt%20video%20(http:/www.youtube.com/watch?v=3niR_-Kv4SM).%20
Thermohaline%20Conveyor%20belt%20video%20(http:/www.youtube.com/watch?v=3niR_-Kv4SM).%20
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Figure 3-13 Schematic of the Thermohaline Conveyor (THC) belt (National Geographic, 2017)      

 

3.4.2 Gulf Stream  

The Gulf stream has a big influence on the weather in the Atlantic and affects the weather and 

climate of the UK and Europe. It is driven by the same processes and is part of the THC, which is 

explained in detail in a great Gulf stream video 

(https://www.youtube.com/watch?v=UuGrBhK2c7U).   

The Gulf Stream brings huge quantities of warm water, warm air (and therefore moisture = 

rain/weather), marine organisms of all kinds, and also transports plastics and debris across the 

Atlantic to UK/Europe. Without its warming effect, UK winters would be more like Canadian 

ones, so pretty chilly to say the least, who’s into skiing? 

There are many other currents around the world with a good general overview being given in an 

Ocean currents video (TED Talk, https://www.youtube.com/watch?v=p4pWafuvdrY ) so please,  

as part of your own research look at this.  

https://www.youtube.com/watch?v=UuGrBhK2c7U
https://www.youtube.com/watch?v=p4pWafuvdrY
https://www.youtube.com/watch?v=p4pWafuvdrY
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3.4.3 El Nino 

One other oceanic phenomenon of great interest with far reaching impacts across the globe in 

terms of weather (it affects us in the UK), upwellings and therefore marine organisms of all 

kinds is the El Nino effect, which occurs on average every 3-4 years in the Pacific. In brief, it is a 

reverse of the pattern of normally warm water found in the Western Pacific /Asia area and cold 

in the Eastern Pacific/South America water with also radical effects on south American coastal 

weather as well a further afield  Pacific/ global weather patterns.  

In an El Nino year, the Eastern Pacific / South American coastal waters that are normally rich in 

phytoplankton/fish and the whole of the food web due to being fed by cold nutrient rich waters,  

become nutrient poor and therefore biodiversity poor areas with big consequences for the local 

communities that depend on fishing for food. The coastal zone also see a big increase in rain, 

fogs etc.   Please see another great Met Office video for El Nino and La Nina 

(https://www.youtube.com/watch?v=WPA-KpldDVc)      

 

3.5 Science Experiments  

We will explore the structure of the water column, its depth profile, with respect to the main 

oceanographic parameters (pH, T, salinity, etc.) when we take samples for chemical analysis 

(Section 4). The scientific equipment we deploy for this purpose is called a ‘rosette CTD’, which 

means a metal frame shaped like a rosette, upon which several sample bottles and analytical 

equipment is mounted. The letters C, T and D refer to conductivity (salinity), temperature and 

depth (pressure), but typical rosettes are equipped with other parameters, too, including 

fluorescence (phytoplankton activity), turbidity (suspended particle concentration), pH and so 

on. We can see these parameters in real time and base our decision on the depth of sampling 

on the location of thermocline or halocline, sudden changes in temperature or pH. The sample 

bottles are submersed in an open 

position (top and bottom) and can 

be closed at the required depth 

with an electronic signal. 

Figure 3-14 Rosette with mounted 

scientific instrumentation to 

measure salinity, temperature, 

pressure, pH and turbidity, and six 

sampling bottles that can be closed 

with an electronic signal at depth, is 

deployed from the Pelican of 

London. (C Braungardt, 2019). 
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4 Chemical Oceanography  

4.1 Introduction  

Chemical oceanography is the science of chemical elements and their behaviour in seawater. 

Behind that somewhat boring sounding definition hides an exciting, interdisciplinary subject 

that links the physical world of ocean currents, mixing and salinity with the fascinating biology 

and ecology of the oceans. Simply put: you can’t fully understand marine biology without some 

knowledge of the physical properties of the oceans and marine chemistry. This interdisciplinary 

approach to ocean science is also necessary to fully grasp how our own activities interfere with 

the ocean system and endanger coral reefs, entangle turtles, damage the food web from krill to 

sharks and whales.  

In this sense, the term ‘marine biogeochemistry’ may be more appropriate than ‘chemical 
oceanography’ for what we introduce here: we focus on the essential elements, the nutrients 

that support the marine food web, and in this way we link biology to the chemistry of life:  

• You will learn essential elements that support life in the ocean: micro-nutrients needed 

at very low concentrations and macro-nutrients that are more abundant. How do they 

get into the marine environment? How do they behave and are cycled between water, 

sediment and living things? What happens when there is too much of a good thing?  

• We will be using specific examples of elements that are representative, so that you can, 

with a little further reading and thinking, transfer the knowledge you gain about them 

to other nutrients, elements and environments. 

• Real-life case studies from science carried out at the University of Plymouth will prepare 

you for carrying out your own experiments aboard ship and provide some background 

that will help you to interpret the data you collect. 

• The understanding you develop will enable you to consider today’s environmental 

challenges and discuss potential solutions. 

 

4.2 Why does the chemistry of the oceans matter? 

Imagine you are an Atlantic salmon that spent a year or two in the ocean. It is now time for you 

to return to the river where you hatched and spent your juvenile days, so you can spawn. Your 

senses are tuned to memory of the chemical signal of that river, to its smell, and you are certain 

to find your way back. You will also rely on chemical signals that synchronise spawning with the 

opposite sex. So, your sense of smell and a pristine environment that remains as it was when 

you were young is vital for producing offspring (CEFAS, no date). 
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Figure 4-1. Atlantic salmon. 

"Atlantic 

salmon" by matt.hintsa is licensed 

under CC BY-NC-ND 2.0 

 

Now, imagine something has 

changed: new industry has 

received a discharge consent for 

chemicals and more houses have 

been built in the catchment. The 

sewage treatment plants and 

industry along your river release chemicals into the river that confuse your memory. The scent 

of the river has changed. Disoriented and unable to find your way back, and hence a suitable 

place to spawn, your drive to reproduce is unsuccessful, and not only yours: that of many others 

in your generation.  

Your species is diminished in numbers and its survival not secure… In the middle of the food 

web, small fish that constitute your prey may multiply in numbers, diminishing their own food 

sources and those species who rely on your offspring face famine: the whole food web is 

disturbed. 

We can even use a CEFAS model to investigate how this affects the population of your species 

(access online at https://atlanticsalmontrust.org/salmonpopulationmodeller/). 

Many other scenarios require interdisciplinary knowledge, from understanding the role of the 

oceans in climate regulation, finding out why coral reefs suffer from bleaching to the reasons 

behind the accumulation of toxic chemicals in top predators that enter the human food chain... 

So, the chemistry of surface, ground and marine waters, both in their pristine form and 

contaminated by human activities, is really important to investigate and understand why an 

ecosystem is deteriorating and how we can improve the situation. That’s why marine chemistry 

is one of the disciplines integral to understanding ocean science and finding solutions to 

complex problems. 

Thinking Points: 

• What do you already know about chemistry? 

• How can your knowledge about chemistry help you to understand how the ocean 

ecosystem functions? 

• How does your knowledge about chemistry relate to what you know about pollution? 

https://www.flickr.com/photos/91201697@N00/9991638743
https://www.flickr.com/photos/91201697@N00/9991638743
https://www.flickr.com/photos/91201697@N00
https://creativecommons.org/licenses/by-nc-nd/2.0/?ref=ccsearch&atype=rich
https://atlanticsalmontrust.org/salmonpopulationmodeller/
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4.3 From the headwaters of rivers to the deep sea 

Section 3 introduced the hydrological cycle and illustrated why the sea is salty. Of 

course, the hydrological cycle illustrates lithosphere, atmosphere, biosphere, 

hydrosphere and cryosphere all being interconnected through their capacity to hold and 

transport water. Here, we extend this concept to introduce catchment science, which is 

a way of thinking that everything that happens within a catchment affects its water 

quality. 

So, what is a catchment? We can define it as the geographical area of land from which all water 

flows to its lowest point, which may be a river, lake or the sea. If you think about it, this means 

that the boundary of a catchment is the watershed (what’s in a name?) on raised ground. 

Although a very special case, a meteorite crater illustrates the geography of a catchment 

perfectly (Figure 4-2). 

 

Figure 4-2. A meteorite crater illustrates the concept of a catchment – even though it is  a special 

case. All water that falls as rain or snow on the ‘inside’ of the watershed that surrounds the 

crater flows to its deepest point. The crater is a catchment. "Meteor Crater panorama" by Derpy 

McDerpface is licensed under CC BY-NC 2.0. 

Natural water bodies provide ecosystem services. Water is life – it is essential for plant growth, 

which is the base of our food chain; it supports habitats for fish and other wildlife, which in turn 

provides food for humans; in the form of wetlands, it filters and purifies; we drink it and wash 

with it – in short: we utterly depend on it. When we consider the water within a catchment as a 

continuum, we gain the understanding necessary to protect, conserve and manage water 

sustainably. 

 

  

https://www.flickr.com/photos/141907752@N06/26962962633
https://www.flickr.com/photos/141907752@N06
https://www.flickr.com/photos/141907752@N06
https://creativecommons.org/licenses/by-nc/2.0/?ref=ccsearch&atype=rich
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Thinking Points:  

Consider the catchment you grew up in: 

• Of what nature is the geology and geomorphology (rocks, mountains, hills, landscape)? 

• What kind of water bodies are within your catchment (rivers, canals, lakes and 

reservoirs, coastal seas?) 

• What is the land cover and land use (steppe, forest, water, moor, heath, desert, 

agriculture, horticulture, industry, human settlements, infrastructure…)?  

• How many people live in your catchment? 

• Do you know where your drinking water comes from and how it is treated? 

• Do you know what happens to the waste you produce? 

• Are you aware of the water quality in the water bodies of your catchment? 

• Are you aware of any conservation efforts that affect water quality within your 

catchment?  

 

To illustrate the complexity of catchments, consider this example: the University of Plymouth is 

located within the Tamar catchment in the southwest of the UK. The main river, the Tamar, is 

about 100 km long and flows south, mainly through a rural landscape, becomes an estuary that 

meets the coastal seas of southwest England in Plymouth Sound. Only about 5% of its 

catchment is urban or suburban, but the water quality of the river is greatly influenced by 

human activity, past and present: 

• Thousands of years ago, settlers cleared what is still called the Dartmoor Forest for 

agriculture. They changed the landscape forever and instead of a forest, it is now an 

upland moorland (Visit Dartmoor, no date). 

• Over the following millennia and recent centuries, mining of tin, copper, arsenic, lead, 

silver, zinc and other metals brought wealth to the catchment, as well as resulted in a 

lot of hardship for the workers as well as pollution of air, soil and water. Today, the 

legacy of mine waste and underground workings continues to contaminate the 

environment (Braungardt 2016, 2017) and pose a risk for wildlife and humans 

(Braungardt 2020). 

  

https://www.visitdartmoor.co.uk/explore/archaeology
https://cbraungardt.com/2016/08/29/toxic-places/
https://cbraungardt.com/2017/10/22/to-the-river/
https://cbraungardt.com/2020/05/13/arsenic-health-risk-at-uk-world-heritage-site/
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• Most of the rural landscape is used for agriculture: rough grazing for animals on poorer 

soils, improved grassland, arable and horticulture on better soils. Studies show that 

nutrients are being lost from such land use. For example, agriculture contributes nearly 

12,000 tonnes of phosphorous per year to water courses in England, Wales and 

Scotland. This is roughly 28% of the total load (households contribute ~ 61%, White and 

Hammond 2010). Nutrients are important for the functioning of ecosystems, but too 

much of a good thing can have detrimental effects, which we will cover later. Bare soil, 

ploughing and ‘puddling’ by livestock promotes soil erosion into water courses, which 

not only introduces nutrients, but also particles that smother river beds, with 

potentially detrimental effects on reproductive cycles of fish and invertebrates. And in 

addition, agrochemicals (pesticides, herbicides, pharmaceuticals…) are exported from 

land to water bodies. 

• Small and large human settlements make up a population of some 300,000 people in 

the Tamar catchment, most of whom live in the city of Plymouth. Our activities include, 

in addition to forestry and agriculture, various industries, transport, living and 

recreation. This produces sewage, which even after treatment contains nutrients, 

metals, pharmaceuticals, microplastics, particles and a variety of metals and other 

chemicals. Road run-off contains various metals and rubber components and 

petrochemicals. Discharge consents from industry, in the UK regulated by government, 

may cover anything from particles and nutrients to metals, synthetic organic 

compounds and radioactive materials. The marine industries around Plymouth Sound 

include marinas, harbours and commercial dockyards, as well as the Royal Navy.  

 

By now, you’ll get the picture: EVERYTHING we do affects the water quality of the catchments 

we live in – this includes everything from our drinking water to the coastal seas surrounding the 

land. And MANY things we, or others, do outside the catchment may influence our catchment 

through dry and wet deposition (particles, rain, snow etc.). This includes the release of 

greenhouse gasses that contribute to global climate change, as well as air pollution from 

industry, power generation and traffic ( 

Figure 4-3). It’s complex and sometimes ugly and we will unpick some of these stories when we 

sail close to big urban areas, where we can follow the signal of human activity out to sea. 

http://randd.defra.gov.uk/Document.aspx?Document=WT0701CSF_4159_FRP.pdf
http://randd.defra.gov.uk/Document.aspx?Document=WT0701CSF_4159_FRP.pdf
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Figure 4-3. Illustration of a 

catchment: all water occurring 

and falling within a 

‘watershed’ collects within the 

lowest point of the catchment.   

 

 

 

 

 

 

 

 

Check out: 

• Langston et al 2003 for an assessment of the Tamar catchment’s status undertaken in 

the context of the EU Habitat Directive. 

• Water companies are responsible for abstracting, treating and providing drinking water 

and for dealing with our waste waters. For Plymouth, that’s Southwest Water (link: 

https://www.southwestwater.co.uk/). 

• The Environment Agency (link: 

https://www.gov.uk/government/organisations/environment-agency) monitors 

compliance of water bodies with the European Water Framework Directive and is in 

charge of mitigation measures, where good status is not achieved. All of their activities 

and services related to water are accessible here (link: 

https://www.gov.uk/topic/environmental-management/water). The latest River basin 

management plans have been published in 2009 (link: 

https://www.gov.uk/government/publications/river-basin-management-plan-south-

west). 

• Tamar Catchment Partnership activities (Appendix) 

 

http://plymsea.ac.uk/id/eprint/57/
https://www.southwestwater.co.uk/
https://www.gov.uk/government/organisations/environment-agency
https://www.gov.uk/topic/environmental-management/water
https://www.gov.uk/government/publications/river-basin-management-plan-south-west
https://www.gov.uk/government/publications/river-basin-management-plan-south-west
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4.4 Seawater solution: more than just salt! 

Water is an excellent solvent for polar and ionic substances due to the polarity of the H2O 

molecule and the electronegativity of the oxygen atom within it (e.g. Kahn Academy). In Section 

3 we’ve introduced the salinity of seawater making up about 35 parts per thousand (ppt) by 

weight, mainly as a result of the major ions contributing 99.9% to the salinity. To recap: these 

major ions include chloride Cl-, sulfate SO4
2-, carbonate CO3

2- / bicarbonate HCO3
-, brominde Br-, 

Borate H2BO3
-, fluouride F-, sodium Na+, magnesium Mg2+, calcium Ca2+, potassium K+ and 

strontium Sr2+. We also introduced the principle of ‘constancy of composition’ that makes 

salinity an excellent indicator of ‘conservative’ behaviour – very important in the context of 

mixing in estuaries, where fresh water of the rivers meet the saline waters of the ocean.  

Here, we will discuss the remaining 0.1% of dissolved solids that make up salinity: in the natural 

state of seawater, these are predominantly nutrients and metals. To put the relative 

concentrations of major ions and other constituents into perspective, here are some 

comparisons: 

• The chlorine (Cl) concentration in seawater is 19500 mg/L (parts per million, ppm), or in 

molar concentration 550 mmol/L. 

• The carbon (C) concentration in seawater is 28 mg/L, or 2.33 mmol/L, although you may 

appreciate that carbon is a constituent of living and dead organisms and therefore, its 

dissolved concentration includes organic molecules, not just ‘the carbonates’. Because 

of this, the carbon concentration will vary with primary productivity and respiration 

(more about that later).  

• Iron, essential for photosynthesis as part of the chlorophyll molecule, is present at 

highly variable concentrations, for example in the Western Atlantic between less than 

0.0000000056 mg/L (or 0.0000000001 mmol/L) to more than 0.00000011 mg/L (or 

0.000000002 mmol/L) (Rijkenberg et al 2014). These variations are related to inputs, 

such as Saharan dust storms and biogeochemical cycles related to uptake by algae and 

release due to decomposition of dead algal cells by bacteria, among other processes. 

So, seawater contains 3 orders of magnitude (a factor of around 1000) more dissolved chlorine 

than carbon and 10 orders of magnitude (a factor of around 10 billion) less dissolved iron than 

carbon. Although present in much lower concentrations than the major ions, life in the ocean 

depends on macro- and micronutrients, just as much as life on land does. 

Technical Point: 

You will have noticed that concentrations can be expressed in a variety of ways (ppm, mg/L, 

mmol/L). In chemical oceanography, molar concentrations make the most sense, because molar 

concentrations are independent of the weight of an element or compound and represent a 

https://www.khanacademy.org/science/high-school-biology/hs-biology-foundations/hs-water-and-life/a/hs-water-and-life-review
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‘count’ of how many molecules or atoms are present. This number is more important for 

organisms than weight, because it is the access to individual molecules (such as nitrate) or 

atoms (such as a copper ion Cu2+) that determines whether there is a deficiency that limits 

growth or function, whether there is a sufficiency or optimum supply, or whether there is 

excess that potentially has toxic effects.  

To convert a weight-related unit, such as mg/L, into a molar concentration, it is divided by the 

atomic weight (for elements) or the relative molecular weight (for molecules): 

• For 19.5 mg/L Cl →  
19.5𝑚𝑔𝐿  𝐶𝑙35.45 𝑔𝑚𝑜𝑙 = 0.55 𝑚𝑚𝑜𝑙𝐿  𝐶𝑙 

• The reverse calculation for 0.0000000001 mmol/L Fe → 0.0000000001 𝑚𝑚𝑜𝑙𝐿  𝐹𝑒 ×55.85 𝑔𝑚𝑜𝑙 = 0.0000000056 𝑚𝑔𝐿 𝐹𝑒 = 0.0000056 𝜇𝑔𝐿 𝐹𝑒 = 0.0056 𝑛𝑔𝐿 𝐹𝑒 = 5.6 𝑝𝑔𝑙𝐿 𝐹𝑒 

Now some quick calculations:  

a) The average global phosphorous concentration in the ocean is 0.06 mg/L. What is its 

molar concentration? 

 

 

b) In coastal waters around Plymouth, the average concentration of copper is 5.7 nmol/L. 

What is its concentration in ppm? 

 

 

Note: the atomic weights of elements are provided in the periodic table, which is reproduced in 

the Appendix, where you also find an explanation of the conversions of units shown in the 

example for Fe.  

 

4.5 Macronutrients: phosphate and nitrate 

We will cover primary productivity in a later chapter, suffice it to say here that phytoplankton 

forms the base of the oceanic food web and requires light and nutrients to flourish. The 

requirement for the former restricts it to surface waters and the presence of the latter in 

coastal zones and shelf seas makes these particularly fertile. 

Coastal zones are naturally enriched in macronutrients, such as phosphate and nitrate, because 

of several factors: 
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1. Weathering and erosion of rock and soils and decomposition of plant residues on land 

lead to the dissolution of elements and transport of particles rich in minerals and 

organic matter. Either are transported to the sea via rivers and ground water. 

2. The global ocean conveyer belt, covered in Section 3, lead to the upwelling of nutrient-

rich waters from the depth of the ocean.  

3. Atmospheric deposition to the surface ocean, either wet or dry or in form of gas 

exchange. 

In addition, human activities enhance nutrient concentrations, with main effects in coastal and 

shelf seas: 

1. Food production and processing leads to waste streams that enter rivers. Examples 

include chemical fertilisers and human/animal waste products spread on agricultural 

land, accelerated erosion and soil degradation, and dairy and slaughterhouse wastes.  

2. Sewage. Over 50% of the human population live along coastlines and globally, 80% of 

waste water flows back into ecosystems without any treatment (UN Water, no date) 

3. Global industry consumes around 21% of fresh water abstracted and in many countries, 

waste waters are not adequately treated. In the last 30 years, water pollution has 

worsened in almost all rivers in low and middle income countries of South America, Asia 

and Africa (UN Water, no date).  

Although nutrient inputs into surface waters are relatively high around the coastal margins, in 

the open ocean, nutrient concentrations at the surface are usually very low. This is the result of 

nutrient uptake by phytoplankton within the photic zone, that means the depth to which light 

levels allow photosynthesis to occur. Phytoplankton are microscopic algae that are consumed 

by zooplankton and larger organisms...the base of the food web. Dead cells of plankton and 

organisms, including faecal matter, sinks through the water column and is colonised by 

microorganisms (mainly bacteria) who decompose the organic matter in the process of 

respiration. In this process, nutrients are also released. 

Figure 4-4 illustrates how, in the open ocean, the concentration of nutrients recovers below the 

photic zone, while at the same depth, respiration by microorganisms consumes oxygen, which is 

shown in the oxygen profile. Respiration occurs at all depths in the ocean. The relatively steady 

concentration of nutrient and oxygen concentrations in the deep ocean (below ~2500 m) results 

from the transport of nutrient and oxygen-enriched waters with the deep ocean currents. 

Mixing of these waters with the surface ocean is prevented by the thermocline, a sharp gradient 

(or change) in water temperature that separates surface from deep waters. Ocean mixing has 

been covered in more detail in Section 3 and photosynthesis will feature in Section 5. 

https://www.unwater.org/water-facts/quality-and-wastewater/
https://www.unwater.org/water-facts/quality-and-wastewater/
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Figure 4-4 Simplified depth profile of macronutrient (nitrate NO3-N or phosphate PO4-P) and 

dissolved oxygen concentrations in the deep ocean. 

On the shallow shelf seas (typically no more than ~150 m deep), nutrient concentrations are 

rarely depleted because of the strong nutrient sources discussed earlier. Apart from upwelling, 

these are largely land-based sources and therefore, concentrations are typically higher closer to 

shore and through processes of dilution and dispersion, decrease farther out to sea. This is 

particularly noticeable in the plume of a large river or near population centres. One of the 

science experiments is based around this gradient in nutrient concentrations. 

Nitrogen and phophorous are essential building blocks of life. Nitrogen is component of all 

proteins and DNA and phosphorous is, in the form of adenosine triphosphate, used in plants 

and algae as the main energy storage and transport molecule. 

As mentioned before, too much of a good thing can be detrimental. Over-fertilisation of coastal 

seas can cause eutrophication, whereby excess nutrients promote excess growth of algae and 

other photosynthesising organisms, such as cyanobacteria. When large quantities of algae die, 

oxygen levels in the water and sediment decrease as bacteria decompose the plant material, 

resulting in sub-oxic or anoxic conditions that can be detrimental to fish and invertebrates and 

may change the species composition of the ecosystem. Some algae and cyanobacteria release 

toxic chemicals, which can affect fish and people (Chislock 2013, EC 2019). 
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https://www.nature.com/scitable/knowledge/library/eutrophication-causes-consequences-and-controls-in-aquatic-102364466/
https://ec.europa.eu/environment/marine/good-environmental-status/descriptor-5/index_en.htm
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Scientific Experiment: Nutrient gradient in coastal seas 

Setting  

This experiment can be carried out in any coastal sea where a large nutrient input is expected 

from natural or anthropogenic (human activities) sources. Typical locations include the enclosed 

bays or estuaries of rivers in agricultural settings or large conurbations, such as Southampton, 

Plymouth, Bristol Channel, Belfast Loch or the Thames. 

Concept 

Strong nutrient sources, such as intense agriculture or sewage, will leave a chemical signal of 

elevated nutrient concentrations in the water column. The signal will diminish as the source is 

more and more diluted, mixed and dispersed in larger bodies of water, such as the mouth of a 

river or estuary and coastal waters. As a result, there should be a gradient of concentration 

from higher to lower nutrient concentrations when moving from the source out to sea. This 

gradient can be determined with chemical analysis. Other parameters, such as temperature, 

salinity, conductivity, dissolved oxygen concentrations, pH, particle concentrations and 

chlorophyll fluorescence can all help to characterise the potential sources of nutrients and their 

effects on the water quality. 

Method 

Samples are taken within surface waters and, where possible, in the middle and bottom of the 

water column along a transect that covers samples upstream of potential point sources (e.g. 

sewage treatment plant) and a point in the coastal sea that is deemed to be less or not affected 

by the source of nutrients. Additional parameters are determined with hand-held instruments 

and recorded. Samples are transported to the laboratory, filtered if deemed necessary, and 

analysed for nutrient content (NO3-N and PO4-P). All results are collated, graphically displayed, 

analysed and interpreted. The fine details will be communicated by training you on the job.  

Equipment 

1) Shallow water survey (upstream) 

• Shallow-water boat for upstream sampling (e.g. RIB) 

• Submersible hand-held instrumentation for monitoring physicochemical parameters 

(pH, conductivity/salinity, dissolved oxygen, redox potential)  

• Calibration solutions and deionised water for pH meter 

• Hand-held oceanographic sampling bottle with messenger, immersed open and closed 

at required depth 
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• Acid-cleaned (dilute HCl) sampling bottles (125 or 250 mL)  

• Gloves 

• Bucket 

• Note book and pencil 

2) Coastal water survey 

The coastal water survey can be carried out with the hand-held equipment used for the shallow 

water survey in rough conditions. When wind and sea state allow, the CTD rosette should be 

used. 

• CTD rosette equipped with 6 oceanographic sampling bottles (immersed open and 

closed at required depth through electronic message) and sensors for in-situ profiling of 

depth/pressure, salinity/conductivity, dissolved oxygen, turbidity, chlorophyll 

fluorescence, pH… 

• Laptop operating CTD rosette and instructions for operation 

• Acid-cleaned (dilute HCl) sampling bottles (125 or 250 mL)  

• Gloves 

• Note book and pencil 

3) Analysis  

• Hand-held spectrophotometer (HACH) with reagent sachets for reactive phosphate and 

nitrate/nitrite analysis (low/medium concentrations) and instructions for operation 

• Dilute hydrochloric acid (5-10%) for washing vials and sample bottles 

• Acid-washed analysis vials 

• Waste bottle(s) for collecting Cd waste (1 L with a wide mouth) 

• Gloves 

• Note book and pencil 
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Sample Strategy 

Ideally, sampling of transitional and coastal waters should include the endmembers: that is, a 

freshwater sample that has no influence by tidal ingress of seawater and a marine sample that 

is undiluted by freshwater. That is not always possible and any sampling strategy will have some 

compromises. We will discuss details when we are planning our surveys.  

For an initial assessment of water quality with limited insight into potential sources of 

contamination, a strategy that positions sampling stations in regular spatial intervals could work 

well.  

However, if we do have some knowledge of potential contamination sources, we can combine 

this approach with a more target sampling strategy. When designing a sample strategy we also 

have to keep other factors in mind: time, weather, tide, daylight hours, analytical load, cost and 

resources. An example is illustrated in Figure 4-5. 

 

Figure 4-5 Sampling strategy of transitional and coastal waters that includes the freswater 

endmember, the marine endmember, seeks to capture the salinity gradien between them and 

also brackets some of the potential sources of contamination.  

Procedure 

• We will discuss the concepts of quality control, calibration, precision and accuracy in a 

workshop ahead of the experiment 
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• We will train you on the job, including cleaning of equipment ahead of use, safe 

protocols of dealing with reagents and discarding of wastes 

• Systematic data recording is one of the most important skills in scientific experiments 

Data Analysis 

• Collate all recordings and display on graph paper over distance and over salinity 

• Check for outliers – we’ll discuss this related to quality control 

• Relate sampling locations to geography and locations of potential sources of nutrients 

Workshop discussion:  

Interpretation of the nutrient concentrations by integrating all available data collected (salinity, 

conductivity, turbidity, fluorescence, dissolved oxygen, temperature, pH…)  

 

4.6 Modern pollution: marine plastics 

The topic of ‘marine plastics’ has been in the news, on social media, in environmental 

campaigns, on David Attenborough’s Blue Planet and even on the agenda of big international 

companies for several years now. That’s not surprising, as between 60% and  80% of marine 

litter is plastic and that proportion is set to increase as plastics are made to last and are 

particularly resistance to degradation.  

Marine plastics covers anything from discarded fishing nets, household and industrial rubbish 

that are carelessly disposed of, moulded items (boxes, buckets, bottles, gloves…), as well as 

microplastics, which range from microscopic to around 5 mm in size. And because plastics don’t 
just disappear, the bigger chunks are breaking up into smaller and smaller pieces, eventually 

becoming microplastics. 

Professor Richard Thompson, of University of Plymouth, pioneered research on the occurrence 

and impact of marine plastics over a decade ago and coined the phrase ‘microplastics’. His first 

paper on highlighting the increase in microplastics of the Northeast Atlantic (where we’ll be on 

this voyage) was published in 2004 (LINK). In addition to Prof Thompson’s team, Dr Andrew 

Turner, environmental geochemist at University of Plymouth, has published widely on the 

chemical properties and of marine plastics and their contamination  with compounds that 

adhere to them and can impact on marine fish, birds and mammals and the food chain that 

leads to humans (e.g. LINK). If you want to watch a copepod ingesting microplastics, check out 

this video http://www.exeter.ac.uk/news/research/title_429589_en.html.    

https://www.plymouth.ac.uk/staff/richard-thompson
https://science.sciencemag.org/content/304/5672/838
https://www.plymouth.ac.uk/staff/andrew-turner
https://www.plymouth.ac.uk/staff/andrew-turner
https://www.sciencedirect.com/science/article/abs/pii/S026974911935599X
http://www.exeter.ac.uk/news/research/title_429589_en.html
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We’ve all seen the pitiful images of marine mammals, sharks and turtles ensnared in plastic 

waste, such as fishing nets and plastic packaging. The greatest concern about small pieces of 

plastics in the oceans is their ingestion by marine life and birds and plastics have been found in 

marine species that are commonly eaten by humans. Plastics are plastics undesirable in the 

food chain because they ‘fill up’ the stomach of marine life, potentially block the digestive 

system and have no nutritional value, leading to starvation and death. In addition, chemicals, 

such as polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), 

polybrominated diphenyl ethers (PBDEs) and heavy metals accumulate on plastics which, when 

consumed by marine life, may then transfer to the animal's tissues. National Geographic raises a 

number of issues related to this story in this video 

https://video.nationalgeographic.com/video/news/00000150-9641-dd5e-a751-bf4517e80000.  

While large pieces of plastic items floating at sea and littering beaches are particularly unsightly, 

much of the damage done to the natural environment by marine plastics is associated with the 

less obvious microplastics. The ‘beat the microbead’ campaign organisation has achieved a lot in 

solving this problem – at least in relation to household items, such as face scrubs and cleaning 

products (LINK). The microplastics problem has also been studied by a citizen science campaign 

by AdventureScietists (LINK), who have collated contributions at many locations around the 

world (Figure 4-6). 

 

Figure 4-6 Between 2013-2017, Adventure Scientists mobilised thousands of trained volunteers 

to help identify the extent of microplastic pollution in marine and freshwater systems around the 

world. Results have revealed microplastics in the vast majority of marine samples we've 

collected, from places including Maine, Alaska, Argentina, Thailand, and Antarctica. The 

outcome of the survey provides a deeper understanding of microplastic pollution, and 

importantly, how our work can contribute to positive change. This data has already inspired 

businesses to reduce their plastic consumption, is being used by governments towards 

https://video.nationalgeographic.com/video/news/00000150-9641-dd5e-a751-bf4517e80000
https://www.beatthemicrobead.org/
https://www.adventurescientists.org/microplastics.html
http://www.adventurescientists.org/field-notes/adventure-scientists-inspires-croakies-to-improve-brands-environmental-impacts
http://www.adventurescientists.org/field-notes/adventure-scientists-inspires-croakies-to-improve-brands-environmental-impacts
http://www.adventurescientists.org/uploads/7/3/9/8/7398741/palau_sing_cmyk_lores__1_.pdf
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conservation decision making, and has motivated over 80% of project volunteers into taking 

action towards reducing plastic pollution. (image, text and interactive map at: 

https://www.adventurescientists.org/microplastics.html). 

 

There are two types of microplastics in our marine and coastal environments; primary and 

secondary:  

• Primary micro-plastics are extremely small through design in the manufacturing 

process, commonly used as the exfoliating agent in facial scrubs, shower gels, 

toothpaste, microfibers (cloth, fleece, water proof clothing) and so on.  

• Secondary micro-plastics originate through the breakdown of large plastic debris over 

time into smaller fragments until they can be defined as micro-plastics, that being less 

than 5 mm in size. When secondary micro-plastics are exposed to sunlight for a 

prolonged period, photodegradation occurs, causing the polymer matrix to become 

oxidised, leading to the breakdown of the chemical bonds in the plastic. This leads to 

the leaching of any additives (synthetic compounds and metals) implemented in the 

production of these plastics into the wider environment.   

 

Between 1970 and 1980, an estimated 23,000 tonnes of plastic waste was dumped by 

commercial fishing fleets across the world. During the late 1980’s, two international agreements 

were made to improve waste disposal; (MARPOL 73/78 Annex V), banning ships from depositing 

plastic waste at sea; and the 1989 Basel Convention on the Control of Transboundary 

Movements of Hazardous Waste which came into power in 1992, tightening regulations on the 

movement of hazardous waste (usually electronics) between OECD countries. However, despite 

these international laws, lack of enforcement has meant that shipping is still the predominant 

source of plastic waste at sea, with 6.5 million tons dumped in the early 1990’s.  

Mismanaged plastic waste finds its way into coastal environments and (Figure 4-7) illustrates 

the pathways as well as the magnitude of plastics in surface waters (2015). In fact, Our World in 

Data summarises the sources and impacts of plastics in the marine environment very well 

(Richie & Roser 2018) – have a read!!!. 

Once deposited, plastic waste can be transported over huge distances through wind, ocean 

currents and river outflow, and what we see at surface is not the whole story: a lot of it sinks! 

 

https://www.adventurescientists.org/microplastics.html
https://ourworldindata.org/plastic-pollution
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Figure 4-7 Mismanaged plastic waste in coastal areas (source: 

https://ourworldindata.org/plastic-pollution). 

 

Scientific Experiment: Nurdles, a special case of microplastics 

Nurdles are 2-5mm diameter plastic pellets (Figure 4-8) that are the raw material for the 

production of anything that is made from plastic. They are quite distinct in appearance, 

cylindrical, often lenticular shaped ends and of various colours from off-white through yellow to 

black. Nurdles are made from different types of plastics, which have different properties and 

densities. Depending on the length of time they have been in the marine environment, they 

may be weathered and discoloured. They enter the oceans via a variety of sources, including 

spillage when loading and unloading bulk cargo in harbours, lost containers at sea and industrial 

‘mishaps’. Nurdles often occur in greater numbers near busy cargo shipping routes and are 

transport via ocean currents and washed up on beaches 

through wave action. The shipping density around the 

British Isles is very high (Figure 4-9), making it an ideal 

place to study them and compare locations.  

 

 
Figure 4-8 Nurdles collected in Malta by Sean 

Comber. Image credit: S Comber 2017. 

https://ourworldindata.org/plastic-pollution
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Figure 4-9 Shipping density around the British Isles. Live ais data for individual ships and annual 

density obtained from Marine Traffic 2020.  

 

The aim of this experiment is to estimate the mass of nurdles on a beach. 
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Method 

Each team will be made up of two or three people, each covering out several transects along 

the beach to carry out a thorough survey.   

The length of the beach will be measured and sub-divided into equally spaced sections, within 

each of which a transect of five quadrats will be surveyed from shoreline to the back of beach. 

The distance between these transects depends on length of beach, number of groups and time 

available. We will discuss quality control at this point! 

Equipment 

• Several 2 m string loop and four short sticks (e.g. twigs) 

• Centrifuge tubes 

• Several Vernier scales 

• Several litres of fresh water 

Procedure 

• Stake out  a 0.25 m2 quadrat on the floor using the 2 m string loop and sticks 

• Count all nurdles visible at the surface into a centrifuge tube 

• Record the colour and shape and any other characteristics, such as fouling and aging) of 

each one. Tally the frequency of each type and colour of nurdle. Which type is most 

common?  

• For at least ten nurdles from each site (if found), determine primary (largest) and 

secondary (smallest) diameters (D1 and D2, respectively) in cm using a vernier scale.  

• Add 50 mL of seawater to each tube, invert the contents and note the buoyancy of the 

pellets. Are there any significant differences in the buoyancy among the different types 

of pellets? Estimate density. Drain the seawater.  

? What is the average density of seawater ? 

• Add 50 mL of fresh water to each tube, and repeat above observations. 

? What is the average density of freshwater ? 

• Based on estimated density, suggest the types of plastics in the sample.  

• Using the average size and density of the pellets calculate the mass (m, in g) of nurdle 

plastic at each site, hence on the beach itself.  
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Necessary data:  

The volume of a cylinder is V = π.r2.h. and the volume of a sphere is V = 4/3 π.r3. They are often 

hemispherical…… 

Average densities of common plastics in g cm-3:  

• High density polyethylene (HDPE) = 0.95 g cm-3 

• Low density polyethylene (LDPE) = 0.91 g cm-3 

• Polypropylene = 0.90 g cm-3 

• Polycarbonate = 1.20 g cm-3 

• Polystyrene = 1.04 g cm-3 

• Nylon = 1.14 g cm-3 

• Polyvinyl chloride (PVC) = 1.40 g cm-3 

 

Data analysis 

• Collate all the data from the transects and calculate the mass of nurdles on the beach. 

• Normalise the data from different beaches to their area, providing a weight per unit 

area 

• Compare the normalised data from different beaches with each other and relate to the 

density of marine traffic, exposure to the prevailing winds, currents etc. 
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5 Marine Ecology 

Plants on land are relatively large, they transfer nutrients and water to their leaves through a 

vascular system (Figure 5-1).  Marine phytoplankton are typically microscopic and unicellular 

and they absorb nutrients from seawater through their cell walls. Both use the energy of 

sunlight via photosynthesis, plus nutrients, carbon dioxide, trace metals etc to fuel their 

metabolism, build cells and reproduce. 

 

Figure 5-1 Selective Adaptive Strategies for land based plants and phytoplankton (Pinet, 2006). 

 

5.1 Phytoplankton 

Phytoplankton make up 90% of the ocean’s ‘plant’ species, they are single-celled micro-

organisms drifting with the currents and they harvest sunlight for energy (photosynthesis) and 

absorb nutrients to form new biomass and reproduce.  Phytoplankton are at the root of the 

marine food web. That means that the entire marine ecosystem relies on these tiny organisms! 

So phytoplankton are consumed zooplankton and larger species, including crustaceans (e.g. 

Antarctic krill) and fish, who are then fed on by larger species up to apex predators, such as tuna 

and sharks. Some higher order species feed near the ‘bottom’ of the food web, such as some 

baleen whales.  
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The importance of phytoplankton cannot be overestimated and hence, understanding the 

factors controlling the phytoplankton population dynamics is important to marine ecologists, 

ocean scientist and environmental scientists alike. 

Diatoms  

Diatoms generally have a rigid shell, a frustule made from silica (SiO2). They are typically pill box 

shaped (Figure 5-2), that is perforated to allow the exchange of nutrients, dissolved gases (e.g. 

CO2) and to discharge wastes.  The silica shell is poorly soluble in seawater and therefore, dead 

diatom shells sink to the deep waters, where the shells are incorporated in sediments. Diatoms 

often dominate shallow coastal and shelf waters, they flourish in cold nutrient rich waters from 

mid-latitudes to polar inshore and continental shelf waters. Further offshore, dinoflagellates 

and coccolithophores become equally important. 

 

  

Figure 5-2 A diatom showing the pill box shell (frustule). 

Note the very small size. 

 

 

 

Dinoflagellates 

Further offshore, dinoflagellates increase in relative proportion. As diatoms, these are also 

single-celled organisms, but they are classed as phytoplankton, but some of them are 

mixotrophic, which means that they combine photosynthesis with ingestion of prey. They have 

the ability to propel themselves short distances through the water by a whip-like flagella (Figure 

5-3). They are found in most seas, flourishing particularly in warm, tropical waters, but are 

found in all latitudes, including on sea ice, and all waters, from fresh through brackish into fully 

saline. 

Blooms of certain dinoflagellates can result in the formation of red tides, typically associated 

with the term ‘harmful algal bloom’. The terminology comes from the discolouration of surface 

waters by the density of cells within the bloom and the release toxins that can cause fish and 

shellfish poisoning that can be harmful higher up the food chain (humans).  

Some dinoflagellates are bioluminescent, emitting blue-green light when agitated in the water. 

We may be able to experience the ‘ghostly’ show of this phenomenon as we sail at night 
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through shoals of fish, dolphins or dense jellyfish blooms, lit up by the presence of 

bioluminescent dinoflagellates in the water and on their surface.   

Other species of yellow green dinoflagellates live within coral in a symbiotic relationship. Ocean 

warming is the principle cause of stress that causes dinoflagellates to be expelled from the 

coral, as the coral reacts to them as if they were toxic, resulting in coral bleaching.  

Figure 5-3 Dinoflagellate – star shaped 

structure with whip-like flagella that 

enables propulsion. 

When dissolved silica concentrations are 

low, diatom growth is limited and 

dinoflagellates may outnumber diatoms, 

until Si levels rise due to remineralisation 

or river/estuary inputs (Si is a main 

element of many rocks, such as on 

Dartmoor) when diatoms resume their 

growth. 

 

Coccolithophores 

Coccolithophores are another form of single-celled phytoplankton, with large numbers found 

throughout photic zone, the surface area where light is available to photosynthesise. Unlike 

other oceanic phytoplankton, they have a microscopic limestone (calcite CaCO3) plating – the 

coccolith. Each platelet is shaped like the hubcap of a car and is only three one-thousandths of a 

millimetre (3 µm) in diameter (Figure 5-4).  

Coccolithophores prefer surface waters and still, nutrient-poor water in mild temperatures. 

They do not compete well with other phytoplankton when nutrient supply is ample. However, 

unlike other phytoplankton coccolithophores do not need constant fresh ‘food’ (i.e. nutrients), 

therefore they often thrive where their competitors are starving. Typically, once in a region, 

they dominate and become more than 90 % of the phytoplankton in the area (Figure 5-5).  
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Figure 5-4 Coccolithophore showing calcium 

carbonate ’hub caps’  

 

 

Figure 5-5 Coccolithophore bloom off Iceland in 

June (NASA, SeaWIFS satellite, 2015) - the white 

clouds are the blooms. 

 

 

5.2 Photosynthesis and respiration  

Phytoplankton is at the base of the oceanic food web. In order to photosynthesise, algae require 

light and the depth to which light penetrates limits the depth of photosynthetic production at 

around 250 m in open ocean waters and to about 50 m in clear coastal waters. 

The principle chemistry of photosynthesis in all plants and algae, including phytoplankton is the 

combination of carbon dioxide and water, fuelled by the energy of sunlight, to produce organic 

carbon (glucose) and oxygen. 

Photosynthesis in plants:  6𝐶𝑂2 + 6𝐻2𝑂 → 𝑙𝑖𝑔ℎ𝑡 → 𝐶6𝐻12𝑂6 + 2𝑂2 

The reaction involves an array of processes and chemicals that are excellently summarised in 

many publications and broadcasts. For example, check out BBC Bitesize for basics 

(https://www.bbc.co.uk/bitesize/topics/zvrrd2p/articles/zn4sv9q) or Nature Education for more 

detail (https://www.nature.com/scitable/topicpage/photosynthetic-cells-14025371/). 

Recent estimates allocate between 50 and 80% of the global oxygen production to the oceans, 

i.e. from phytoplankton and some bacteria that photosynthesise. One of these bacteria, 

Prochlorococcus, has been shown to produce up to 20% of the oxygen in our biosphere, more 

than all the tropical rainforests combined. However, it is important to remember that roughly 

https://www.bbc.co.uk/bitesize/topics/zvrrd2p/articles/zn4sv9q
https://www.nature.com/scitable/topicpage/photosynthetic-cells-14025371/
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the same amount of oxygen produced in the ocean is also consumed by marine life (from 

bacteria to sharks) – the system is in equilibrium when we don’t disturb it (NOAA 2020). 

We’ve introduced the term ‘respiration’ at various points, and here is an explanation: all 

organisms require energy for their metabolism, growth, reproduction and so on. This energy 

comes from the glucose produced during photosynthesis in plants, or from the food that they 

consume. Glucose is the source of the energy that is transferred to cells to support their 

function, and the process that converts glucose to this energy is respiration. It occurs within the 

mitochondria, part of cell structures, where glucose is transformed to carbon dioxide and water 

in aerobic respiration, and this is the reverse reaction to that of photosynthesis. So, in a 

beautiful circular way, the energy captured during photosynthesis by plants and bacteria is 

released in the mitrochondria of all organisms to fuel their beings. For more information, check 

out BBC Bitesize (https://www.bbc.co.uk/bitesize/topics/zvrrd2p/articles/zth9ng8). 

 

5.3 The carbonate system 

The carbonate used by many planktonic organisms (phytoplankton and zooplankton) to form 

their shells and skeletons originates from dissolved carbon dioxide and calcium in the sea. The 

sources of dissolved carbon dioxide include air-sea gas exchange and the dissolution of the hard 

parts of planktonic organisms once the die and sink into deep waters. 

5.3.1 Air-sea exchange and the impact of climate change on ocean acidity 

Figure 5-6 provides an overview over the carbonate system in the ocean and its relationship 

with photosynthesis and respiration. Carbon dioxide in the atmosphere is equilibrating with the 

surface ocean. Today, this means that increasing atmospheric carbon dioxide concentrations 

(the result of anthropogenic emissions arising, chiefly, from the burning of fossil fuels) are 

transferred to the surface ocean. The first step is dissolution of the gas, followed by the 

transformation into carbonic acid, its dissociation into bicarbonate and carbonate, which 

releases acid into the water column. This is the mechanism by which climate change ‘acidifies’ 
the ocean and this may become a challenge for organisms that build hard parts from calcium 

carbonate (see below) in the process of calcification. Photosynthesis utilises carbon dioxide and 

respiration releases it back into the water column.  

https://www.bbc.co.uk/bitesize/topics/zvrrd2p/articles/zth9ng8
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Figure 5-6 The carbonate system in the ocean. 

 

5.3.2 Carbonate dissolution 

The calcium carbonate dissolution of planktonic shells and skeletons can be expressed 

chemically as:  𝐶𝑎𝐶𝑂3 (𝑠𝑜𝑙𝑖𝑑) ↔ 𝐶𝑎(𝑎𝑞𝑢𝑒𝑜𝑢𝑠)2+ + 𝐶𝑂3 (𝑎𝑞𝑢𝑒𝑜𝑢𝑠)2−  

This returns not only carbonate ions (CO3
2-) into the water column, but also calcium. The reason 

for mentioning this is a transfer issue: If Ca is extracted from surface waters by phytoplankton 

and zooplankton, and respiration happens throughout the water column, then some of the Ca is 

transferred to deep water.  

Ocean surface waters are generally supersaturated with respect to calcium carbonate, making it 

relatively easy for plankton to utilise (precipitate) it in their hard parts. Deep ocean waters are 

undersaturated with respect to calcium carbonate, because its solubility increases with 

pressure. This causes biogenic solids to dissolve. The depth at which most or all of the CaCO3 

dissolves is called the carbonate compensation depth. 

The solubility of calcium carbonate in surface waters changes with the changes in the 

concentration of carbon dioxide concentration in air due to climate change. This pushes more 

carbon dioxide into the surface water, leading to a lowering of pH. The solubility of calcium 

carbonate increases with decreasing pH, making it more difficult for planktonic species to 

precipitate their hard parts, as well as changing the dissolution rate of dead cells.  
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This could have very significant impacts on the planktonic species distribution in the world’s 

oceans, and knowing the importance of the base of the food web, on the whole of the marine 

ecosystem. 

 

5.4 The ocean food web  

Primary producers, including bacteria, phytoplankton and macro algae are the base of 

the ocean food web and are at the lowest trophic level. In surface waters, most of them 

photosynthesise, but some can generate energy without sunlight by a process of 

chemosynthesis, and these are often associated with hydrothermal vents at mid-ocean 

rises. 

Consumers need to feed, they include grazers that drift through the water, including 

zooplankton (e.g. copepods, rotifers), larval stages of some fish and invertebrates. 

Larger animals (e.g. snails, some fish) graze on algae and filter feeders (e.g. bivalve 

molluscs, sponges, baleen whales) strain their food (plankton and detritus) directly from 

the water.  

Predators feed more actively by ‘hunting’ their prey. These include sharks and many fish 

(e.g. herring, cod, tuna), but also box jellyfish and some shrimp, octopus and marine 

mammals, such as orca (killer whales) and seals. 

Scavengers feed on organisms that die naturally and on animal parts that have been left 

by predators and fishermen. Unconsumed dead organisms sink through the water 

column, where they are eaten by bottom-dwelling scavengers (e.g. crabs). Very 

important in this context are bacteria, which decompose the resulting waste and faecal 

matter and release the nutrients contained within to primary producers.  

 

Complex food webs support very diverse ecosystems. Abundance and scarcity of food 

sources determine the balance of species, the species composition, of ecosystems. 

Some predators can switch between different types of prey, others rely on specific 

species for survival. That’s why the interference with the balance of species through 

human activity can be so destructive: examples include the selective removal of an 

economically important species by overfishing (e.g. cod) and the change of surface 

water temperatures through global warming, effecting a pole-wards shift in species 

composition. But natural events, such as El Nino, also periodically influence and upset 

the ecosystem balance. 
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It is therefore important to note that changes in one part of the food web may cause a 

trophic cascade that affects organisms across multiple trophic levels.  

• Inter connection of species –, keystone species, imbalance resulting in trophic cascades 

• climate change and ocean acidification ·  
 

6 Ocean Model 

The ocean is complex and to understand its functioning, we need to take into consideration the 

natural and anthropogenic changes that take place on diurnal, seasonal, annual and longer-term 

scales. We will endeavour to bring together an ocean model that relates some of the elements 

shown in Figure 6-1. 

Figure 6-1 A simplified model of influences of change in the ocean. 
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8 Appendix 

8.1 "The Periodic Table of the Elements" by Destinys Agent is 

licensed under CC BY-NC 2.0 

 

 

8.2 Orders of magnitude conversions 

Conversions of units with respect to orders of magnitude commonly used in oceanography: 

Between milli (m), micro (µ), nano (n) and pico (p) are factors of 1000, for example: 

• 1 g/L = 1000 mg/L = 1000000 µg/L = 1000000000 ng/L = 1000000000000 pg/L 

• 1 pg/L = 0.001 ng/L = 0.000001 µg/L = 0.000000001 mg/L = 0.000000000001 g/L 

Of course, this also applies to molar concentrations: 1 nmol/L = 1000 pmol/L etc. 

 

https://www.flickr.com/photos/38112256@N00/4004302303
https://www.flickr.com/photos/38112256@N00
https://creativecommons.org/licenses/by-nc/2.0/?ref=ccsearch&atype=rich
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8.3 Tamar Catchment Partnership: initiatives in conservation 

The Tamar Catchment Partnership is an umbrella organisation with the aim to improve and 

conserve habitat within the Tamar catchment, taking a holistic approach. A number of current 

initiatives are listed below: 

• The Environment Agency (EA)is seeking to implement an exciting project to create up to 

14 hectares of new inter tidal habitat and a further 4 ha of freshwater habitat at South 

Hooe in the Tamar estuary. The purpose of the habitat creation is to offset predicted 

losses of habitat caused by future sea level rise. These works are supported by Natural 

England and will sustain the biodiversity of the estuary helping it be more resilient to 

climate change. 

For more information and some FAQs a press release is available to view here 

• The EA are publishing Restoration Potential Maps, identifying areas where modelling has 

shown that local topographic and hydromorphological conditions could be suitable for 

the creation of new saltmarsh, seagrass or native oyster bed habitats. 

The seagrass and saltmarsh restoration potential maps were published in April 2020, and 

the native oyster map will be available shortly. The maps are publicly accessible and are 

hosted by the Rivers Trust on their Coastal Data Explorer portal. 

For more information see the briefing note  

• Plymouth Rivers Keepers Website is now live! 

• Catchment Data & Evidence Forum 18th Aug 2020: This FORUM is free and open to 

all and we welcome anyone involved in or interested in using data & evidence to 

support catchment management and engage communities. 

Building Social Capital: Engaging Communities through Catchment Data & Evidence and 

includes: 

o Monitoring & Citizen Science 

o Making data and evidence more accessible to communities 

o Collaborative catchment modelling; and 

o Understanding and changing behaviours through data and evidence. 

• Despite the pandemic, there continues to be generally encouraging news following the 

survey and treatment of Giant Hogweed in the Tamar Valley in 2020. Overall numbers 

continue to decrease in the main survey area, down from 156 in 2019 to 81 this year. An 

extra 35 plants were located on other sites, adjacent to the main survey area, up from 18 

last year. These additional sites are considered to be important sources of localised 

populations and have been surveyed and controlled annually year since 2016. 

https://my-tamar.us8.list-manage.com/track/click?u=dcd6a5bd647ec3c5edc24f835&id=2d75870af5&e=aa2e7ee58e
https://my-tamar.us8.list-manage.com/track/click?u=dcd6a5bd647ec3c5edc24f835&id=f2051f2a0c&e=aa2e7ee58e
https://my-tamar.us8.list-manage.com/track/click?u=dcd6a5bd647ec3c5edc24f835&id=6ab16ae341&e=aa2e7ee58e
https://my-tamar.us8.list-manage.com/track/click?u=dcd6a5bd647ec3c5edc24f835&id=eea5f20b56&e=aa2e7ee58e
https://my-tamar.us8.list-manage.com/track/click?u=dcd6a5bd647ec3c5edc24f835&id=d48d8a5ed5&e=aa2e7ee58e
https://wrt.org.uk/project/plymouth-river-keepers/

