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In order to answer these Exam style Question, please review attached Chapter Texts. You may wish to 

take notes as this will be helpful when taking this Course as well. The numbers next to each question 

(to the right) represent how many marks are available based on your answers.  

You may type or hand write your answers. The AICE Exam is a handwritten Exam. 

 

Chapter 1: The Scientific Method 

 

1. Design a laboratory-based experiment to test the hypothesis that algae need light to grow. [6] 

 

2. A field-based experiment was carried out that investigated the distribution of two different 

species of fish in an estuary. Total Marks [5] 

 

a. Suggest environmental factors that could affect the distribution of fish in an estuary. [3] 

b. These factors cannot be controlled during the experiment. Explain what should be done 

instead.  [2] 

 

Chapter 2: Marine Ecosystems and Biodiversity 

 

1. a. Explain what is meant by each of the following terms 

i. Population [1] 

ii.    Community [1] 

iii.   Trophic Level [1] 

 iiii.  Species [1] 

 v.    Ecosystem [1] 

 

b. Many forage fish species (for example sardines or herrings) form shoals. 

 

i. Discuss the advantages of shoaling [4] 

ii. discuss the disadvantages of shoaling [2] 

 

Total Marks [11] 
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2. Please answer the following below. 

a. Describe the relationship between coral and zooxanthellae. [3] 

b. Define succession [1] 

c. Outline the succession that leads to the formation of a coral reef [3] 

d. Discuss why coral reefs contain narrow ecological niches [4] 

 

Chapter 3: Energetics of Marine Ecosystems 

 

1. Please answer the following below.  

a. i. Describe what is meant by the term productivity. [3] 

ii. Give three factors that can affect the productivity. [3] 

iii. Briefly describe a simple method to measure productivity [3] 

b. Explain why productivity is increased during the spring and summer. [4] 

2. Please answer the following 

a. Describe the process of photosynthesis. [4] 

b. i. Why does photosynthesis not occur at hydrothermal vents on the ocean floor? [2] 

ii. Describe how energy enters the ecosystem found t the hydrothermal vents on the 

ocean floor. [4] 

c. The solar energy falling on the oceans is 1.7 x 10^6 kJ m^-2 year ^-1 and the 

phytoplankton ae able to use 18,754 kJ m^-2 year^-1 of this.  

i. Calculate percentage of the sun’s energy that is used by phytoplankton. Show 

your working [2] 

ii. Explain why 100% of the energy is not used. [3] 

 

Chapter 4: Nutrient Cycles in the Marine Ecosystems 

 

1. Please answer the following below. Total Marks [11] 

a. Fill in the Table below to show the uses of different nutrients [3] 

Nutrient Biological Use 

Nitrogen  

Calcium  

Phosphorous   

 

b. Describe the process of run-off. [3] 

c. Describe the process of run-off of nitrogen fertilizers on producers. [3] 

d. Explain how this will affect the consumers in the food chain. [3] 
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Chapter 5: Coral Reefs and Lagoons 

 

1. Please answer the following below. Total marks [10] 

 

A. Describe each of the following reef types: 

i. Fringing reef [2] 

ii. Barrier reef [2] 

iii. Atoll [2] 

B. Outline the Darwin-Dana-Daly theory od atoll formation. [4] 

 

2. Please answer the following below Total Marks [7] 

a. Describe the relationship shared by the following pairs of organisms 

a. Coral polys and zooxanthellae [2] 

b. Butterflyfish and coral polyps [2] 

b. Explain how parrotfish lead to reef erosion [3] 

 

Chapter 6: The Ocean Floor and the Coast 

 

1. A. Define what is meant by the term intertidal zone. [1] 

B. Compare the physical factors affecting organisms living on a rocky shore to those living on a 

sandy shore. [4] 

c. i. Define the term vertical zonation [1] 

ii. Explain how the physical and biological factors of a rocky shore ecosystem contribute to         

vertical zonation of the organisms that live there. [2] 

 

Total Marks [8] 

 

2. A. Describe the habitat where you would expect to find mangrove trees. [2] 

B. List and explain two adaptations mangroves have in order to survive within their habitat. [2] 

C. Explain how red mangroves benefit coastal ecosystems [4] 

 

Total Marks [9] 
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Chapter 7: Physical and Chemical Oceanography 

 

1. Please answer the following below. Total Marks [13] 

a. Outline the principles behind the Coriolis Effect. [4] 

b. Explain the impact of the Coriolis Effect on tropical cyclones. [3] 

c. The table below shows the air pressure at different distances from the center of a 

tropical cyclone. 

Distance from the center of the cyclone 
(km) 

Air pressure/ millibars 

100 980 

80 976 

60 970 

40 964 

20 956 

0 916 

20 956 

40 964 

60 970 

80 976 

100 980 

 

i. Plot these data on a graph [4] 

ii. Explain why the lowest pressure is at the center of the cyclones. [2] 

 

2.  a. Compare the summer monsoons in India with those in the winter. [8] 

      b. Discuss the impacts of monsoons on the people of India. [2] 

Total Marks [10] 

  

 



Learning outcomes 
By the end of this chapter, you should be able to: 

describe the steps in the scientific method 

explain how observations and questions are used to formulate a hypothesis 

use the scientific method to design experiments to test a hypothesis 

ensure that experimental results are valid by identifying independent, dependent and control variables 

explain how to make the results of an experiment reliable 

choose appropriate equipment to make accurate measurements and reduce the uncertainty in 

experimental results. 
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istory of the sci ntific 

The Ancient Greek philosopher Aristotle is bel ieved to 

be the first person who realised that it is necessary to 

take measurements in order to increase ou r knowledge. 

More than 2000 years have passed since he made this 

suggestion and scientific enquiry is still based on his idea. 

The philosophers and scholars who followed him added 

to his idea and refined it so that we now have a standard 

way to carry out scientific enqu iry. In the Middle Ages a 

monk named Roger Bacon described a scientific method 

that he used to investigate nature. He made observations, 

formulated a hypothesis and carried out experiments. 

This sequence of events in scienti fic enqu iry is probably 

fami liar to most of us today. Gali leo has been ca lled the 

father of modern science and he also contributed to 

the development of the scientific method . He began to 
standardise measurements so that experimental results 
could be checked by other people. 

The scient ific method requires a logica l approach in 

order to co llect measurable results. Measurements are 

taken in an experiment designed to test a hypothesis. The 

results will then be used to either support or contradict 

1.2 Steps in the scientific method 
There are several steps in the scientific method that 

shou ld be followed whenever an experiment is planned 
(Figure 1.1). It is important to rem ember that the scientific 

method is a process. Even if a hypothesis is supported, 

ideas can change in th e future if new observat ions 
are made. 

Observations, questions and hypotheses 
The first stage in the process is making observat ions. 

For exam ple, you might observe that phytoplankton are 

found in the upper layers of th e ocean. In it ial observations 

are often qualitative rather than quantitative. This 

mea ns that th ey are descript ive rather than having an 

amount or numerical value. In this case, th e posit ion of 
the phytop lankton is observed and its posit ion in the 

ecosystem is described. A hypothesis is then formulated 
to try and explain the observation. A hypothesis is one 

possible answer to the quest ion 'why7'. Your question 

might be: Why are the phytoplankton observed in the 

upper layers of the ocean7 So your hypothesis could be 

the hypothesis. Because experimental data are naturally 

variable there will often be uncertainties in the results. The 

level of uncertainty can be reduced by ensuring that large 

numbers of accurate measurements are taken . Variables 
other than the one being investigated should be kept 

constant or, if this is not possible, measured . If enough 

evidence is gathered to support a hypothesis, then it may 

become a theory. 

In this chapter you will begin to consider the use of the 

scientific method to formulate and test hypotheses. You 

will also learn how to plan controlled experiments to 

collect resu lts to support or refute a hypothesis. 

Hypothesis: an explanation of an observation that can be 

tested through experimentation 

Variable: a condition in an experiment that can be 
controlled or changed 

Theory: a well-substantiated explanation of an aspect of the 
natural world that has been repeatedly tested and confirmed 
through observation and experimentation 

Refute (a hypothesis) : submitting evidence that shows that a 
hypothesis is not correct 

that phytoplan kton need light to grow. At this stage a 

prediction can also be made. A pred iction sta tes what 

you thi nk wi ll happen in the experiment and is linked to 

the hypothesis. To con t inue with the same exa mple, your 

predict ion might be: Th e more light phytoplankton are 
given, the more th ey w ill grow. 

Qualitative data: descriptive data about a variable, for 
example colour or behaviour 

Quantitative data: numerical data that give the quantity, 

amount or range of a variable, for example concentration of 
oxygen or number of eggs laid 

Prediction: a statement of the expected re~ults in an 

experi ment based on the hypothesis being tested 

Testing the hypothesis 
The next stage is to design an experiment to test your 

hypothesis. The experiment needs to produce quant itative 

data that can be evaluated and used to support or refute 

(disprove) the hypothesis. All experiments involve va riables: 



reflect on results -

actual result does 
support hypothesis 

Figure 1.1. Steps in the scientific method. 

observe 

these are the cond it ions that ca n be changed. The 

independent variable is t he one that is changed during the 

experiment and the dependent variable is t he one that is 

measured. To test your hypothesis that phytoplankton need 

light to grow you would need to change the light intensity. 

You would then measure the growth of the phytoplankton 

at different light intensities. Th is could be done by count ing 

samples of the cells under a microscope. 

Independent variable: t he va riable being changed in an 

experiment 

Dependent variable: the variable being measu red in an 

experi ment 

Control group: a group with in an experiment or study that 

receives exactly the same treatment as the experimental 

groups with the exception of the va riable being tested 

Control variables: va ri ables that are not being tested 

but that must be kept the same in case they affect the 
experi ment 

Chapter 1: Scientific method 

question 

3 possible outcomes 

actual result partially 
supports hypothesis 

A control group should normally be included in the 

experiment. The control group is t reated in the same way 

as the experimental groups apart from the independent 

va riable. This gives you results to use as a compa rison. If 

you are testing t he hypothesis t hat phytopla nkton need 

light to grow, the contro l group wou ld be phytoplankton 

that are given no light. To obtain va lid results, all variables 

other than the independent variable must be kept the 

same. If more than one va riable is changed at the same 

t ime it would be impossible to say which one caused any 

changes in the measurements. The va riables that are kept 

t he same are the control variables. A cont rol variable 

is any va riable that could affect the dependent va riable. 

Important exam ples to consider when deciding on the 

cont ro l va riables are: 

• temperature 

• carbon dioxide concentration 

• oxygen concentration 

• pH 

I 
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• light intensity 

• light wavelength . 

Obviously these can only be controlled if they are not the 

independent variable and there may be other controls 

depending on the experiment being carried out. 

It is much more difficult to control the variables in field­

based experiments than in laboratory-based experiments. 

Clearly you cannot control the temperature or amount of 

light ava ilable on a seashore, for example. To help analyse 

the results, measurements shou ld be taken of any variable 

that might affect the dependent variab le. These are 
generally the same variables that wou ld be controlled in 

the laboratory, for example the pH or light intensity. These 

are measured at the same sampling sites as the dependent 

variable and recorded . Any trends or patterns in the results 

can then be related to changes in these measurements 

as well as to changes in the independent variable. You 

may also see these variables referred to as confounding 
variables. A confounding variable is something that could 

affect the results of the experiment but that cannot be 

controlled . 

To make sure that the results are reliable each 

treatment needs to be repeated. You can then calculate 

mean values for your measurements. It also allows you 

to identify any anomalous results that could affect you r 

conclusions. Anoma lous results are individual results 

that do not fit the pattern of the rest of the data. Th ey 

may be caused by errors in measurement or difficulties in 

controlling the variables. It can be difficult to tell whether 

an anomalous result is due to natural va riation within the 

va riab le be ing measured or genuine problems with the 

data. For this reason repeated readings are important 
to help to identify any anomalies by comparing them 

with the other readings taken at the same point in the 
experiment. 

Confounding variable: a variable that could affect the 

dependent variable. In laboratory experiments these are the 

variables that must be controlled. In field experiments they 
are normally just measured and recorded 

Reliable: results that can be replicated by other people 

Anomaly: a result or observation that deviates from what is 

normal or expected. In experimental results it normally refers 

to one repeated result that does not fit the pattern of the 
others 

1 Copy and complete Table 1.1 to summarise the 

different variables in an experiment. 

dependent 

control 

confounding 

Table 1.1. Types of variables. 

2 A student observes that there are more algae 

growing in a fish tank in summer than in the winter. 

Suggest a hypothesis to explain this and predict the 

resu lts of an experiment to investigate it. 

Uncertainty in data 
It is sometimes difficult to be certain about the results of 

experiments because the measurements will vary to some 

extent. If an experiment is reliable, it can be repeated by 

other people and sim ila r results obtained. This decreases 

the uncertainty about the results. Contro lling all variables 

apart from the independent variab le also reduces 

uncertainty because you know that only the independent 

variable could have altered the measurements. Finally, all 

measurements must be taken as accurately as possible. 

This means choosing the most appropriate equipment 

to take the measurements and then reading the results 

properly. For example, when measuring liquids the 

meniscus is used. The meniscus is the curve in the upper 

surface of a liqu id that is held in a container. A concave 

meniscus curves downwards and is seen when measuring 

the volume of water, for example. A convex meniscus 

curves upwards and is seen in mercury thermometers. In 

both cases it is the centre of the meniscus that is the point 
used to take the measurement. The meniscus must also 

be at eye level so that it can be read accurately (Figure 1.2). 

The correct equipment to measure a liquid is normally 
a measuring cylinder and the sma llest appropriate size 

should be chosen. Measuring 8 cm3 in a 10 cm 3 cyl inder is 

more likely to be accurate than using a 200 cm3 cylinder 

because it wi ll be easier to read the correct va lue from the 
scale. For volumes of liquid that are less than 10 cm3, a 

pipette or a syringe would be more accurate. 



Chapter 1: Scientific method 

(b) 

Figure 1.2. Reading the meniscus at eye level (a) in a measuring cylinder and (b) on a thermometer. 

Meniscus: the curve in the upper surface of a liquid inside a 

container. It is caused by surface tension and can be concave 

or convex 

SELF-ASSESSMENT QUESTIONS 

3 Suggest the most appropriate equipment to 

measure the following accurately. 

a 86 cm3 of water 

b 0.5 cm 3 of water 

c The mass of seaweed found in 1 m2 

4 Figure 1.3 shows three measurements of volume 

being taken. 

a b c 

Figure 1.3. Three different measurements of the 

volume of liquids. 

Describe how you would accurately read off the 

amount of \"1quid in eacn cy\"mder and wr"1te down 

the volume contained in each one. 

Analysing the results 
During any experiment, the results must be clea rly and 

accurately recorded . The best way to do this is in a resu lts 

table. This should be drawn before the experiment begins 

and must have space to fit in all the data to be collected . 

Normally, the independent variable is placed in the first 

co lu mn of the tab le. Al l the columns should have headings 

t hat describe the variables and state the un its that will be 

used to measu re them (Table 1.2). 

light intensity I number of algae present in sample 

lux after 2 days 

t rial 1 trial2 trial3 

0 

2000 

4000 

6000 

8000 

10 000 

Table 1.2. A results table for an experiment investigating 

the effect of light intensity on the growth of algae. 

The fi rst stage in analysing the results is to calcu late a mean 

from each set of repeated measurements. If one repeat 

is obviously different to the others and does not fi t the 

pattern it may be an anomaly. Anomalies that have been 

caused by random errors in measurements can be ignored 

\l'i11e11 ca\c.u\at\ng, tne mean. Sta\\Gala ae'iiatiOII c.a11 a\so 
be ca lculated, which is a measure of the spread of data 

around the mean (see the Maths skills box in Chapter 10). 

I 
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The larger the standard deviation, the larger the range of the 

data. Percentages, rates and rates of change may also be 

calcu lated depending on the experiment (see the Maths skills 

box in Chapter 3). Often, a graph will be drawn to show the 

data more clearly and to see whether there is a relationship 

between the dependent and independent variab les (see the 

Maths skills box in Chapter 4). 

Once the data have been analysed a conclusion can be 

drawn. This should be a statement describing the results 

and any patterns obtained. The data obtained during the 

experiment are used to illustrate each point. The trends 

and patterns in the results shou ld then be explained 

and li nked back to the pred iction. In genera l, the more 

accurate the measurements taken, and the less variation 

there is w ithin repeated results, the more valid t he 

conclus ions will be. 

A good conclusion will come from an experiment with the 

following features: 

• repeated readings are taken 

• anomalous resu lts are identified and exp lained 

• suffic ient measurements of t he dependent variable are 

made to show a clear pattern 

• other variables are controlled and recorded 

• the measurements of the variables are made accurately 

using appropriate equipment. 

Evaluation of the hypothesis 
lfthe results match the pred iction, they support 
the hypothesis. If the results do not quite match the 

prediction, they do not support the hypothesis and it may 

need to be refined. If the results are completely different 
to the original prediction, they may be used to refute the 

hypothesis. This means arguing that the hypothesis is 

incorrect. You may then need to generate new questions 

by observing the data and making a new hypothesis that 
explains all of the data you now have. Alternatively, the 

original hypothesis may be refined to include the new 
observations. 

5 Explain what an anomalous result is. 

6 Describe the relationship between the prediction 

and the results if those results support a hypothesis. 

1.3 Scientific theories 
If a hypothesis is consistently supported by the results 

of many observations and experiments, it may become 

a scientific theory. Theories are intended to be accurate 

models of the world that can be used to pred ict what will 

happen in different situations. Theories can be modified 

as new observations and experimental data are collected. 

Exam ples of theories that are discussed later in this book 

are the theory of plate tectonics and the Darwin-Dana­

Daly theory of atoll formation . Both of these theories 

started as hypotheses and only became theories when 

large amounts of evidence were found to support the 
original hypothesis. 

1.4 Steps in planning valid 
laboratory-based experiments 
Once a hypothesis and prediction have been made, an 

experimental approach to testing them must be planned. 

In order to obtain accurate results and to make va lid 

conclus ions, you should take the following steps. 

1 Decide on the independent va riable and the range of 

values to use. 

2 List all the control va riables that could affect the 

experiment and that must therefore be kept the same. 

3 Decide how to keep the control variables the same. 

4 Decide how many repeats to carry out 

5 Decide the timescale of the experiment. 

6 Plan which measurements to take of the dependent 

variable and which equipment to use to do so 

accurately. 

7 Distinguish between a hypothesis and a theory. 

8 Suggest two contro l variables for each of the 
following investigat ions. 

a The effect of temperatu re on the growth of 

algae. 

b The effect of pH on the number of zooplankton. 

c The effect of light intensity on the growth of 
sea grass. 
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The scientific method is a series of steps that are used to 

investigate scientific phenomena. 

Observations are made first and used to formulate a 

hypothesis. 

A prediction is made based on the hypothesis. 

There may be uncertainties in the results because of 

variability in the data and the accuracy of measurements. 

If the results match the prediction, they support the 

hypothesis. 

If the results do not match the prediction, they refute the 

hypothesis. 
An experiment is planned to test the hypothesis by changing 

the independent variable and measuring the dependent 

variable. 

A hypothesis that is supported by many sets of observations 

and experimental results may become a theory. 

All other variables must be controlled in order to obtain valid 

results. 

Exam-style questions 

1 Design a laboratory-based experiment to test the hypothesis that algae need light to grow. [6] 

[Total mark: 6] 

2 An investigation into the growth of coral at different temperatures was carried out. Samples 

of coral were grown in the laboratory at different temperatures and the increase in surface 

area was measured in cm 2 week-1 The results are shown in Table 1.3. 

temperat"re/"C ~ meao;ocrease;osorface 
area I cm 2 week 1 

14 0.3 0.5 0.2 

16 0.6 0.6 0.8 

18 0.8 0.9 1.1 

20 1.4 0.1 1.3 

22 1.6 1.5 1.8 

24 1.7 1.4 1.8 

Tab le 1.3. Growth of cora l at different temperatures. 

a Calculate the missing mean for 16 oc 

ii Identify the anomalous result in the table. 

iii Describe the pattern shown by the resu lts . 

0.33 

0.93 

1.35 

1.63 

1.63 

b The researchers devised the following hypothesis to explain the results: Coral grows 

faster at higher temperatures. 

Explain whether the results support or refute the hypothesis. 

[2] 

[1] 

[2] 

[2] 

ii Give two factors that should have been controlled during the experiment. [2] 

I 
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c Design a laboratory-based experiment to investigate the effect of salinity on the 

growth of coral. [6] 

[Total mark: 15] 

3 A fi eld-based experiment was carried out that investigated the distribution of two different 

species of fish in an estuary. 

a Suggest three environmental factors that could affect the distribution of fish in an 

estuary. [3] 

b These facto rs cannot be contro lled during the experiment. Explain what should be 

done instead. [2] 

Barnacle distribution 
A student made the observation that two species 
of barnacle appeared to be distributed unevenly 
on a rocky shore. She noticed one species 
(Chthamalus stellatus) living nearer the high water 
mark than the other (Semibalanus balanoides). She 
decided to investigate her observation using the 
scientific method and so formulated a hypothesis. 
Her hypothesis stated that Chthamalus stellatus was 
more able to resist drying out than Semibalanus 
balanoides (Figure 1.4) 

Figure 1.4. Ba rnacles growing on rocks. 

She marked out a 50 mm2 area just above the low­
water mark and counted the number of each species 
that was present. She then repeated this at 5 m 
intervals from the low-water mark to the high-water 
mark at the top of the shore. 

Her results are shown in Table 1.4. 

[Total mark: 5] 

distance from number of I numbecof 
low water Semibalanus Chthamalus 
mark/m balanoides stellatus 

0 12 0 

5 9 8 

10 11 0 

15 6 0 

20 0 10 

Table 1.4. Distribution of two species of barnacle on 

the shore. 

The student concluded that her results supported her 
hypothesis. Some of the other students in her class were 
not sure and argued that there were problems with her 
results and with her method. 

Questions 

1 State the independent and dependent variables in 
this investigation. 

2 It is often difficult to control variables when not in 
the laboratory: suggest a variable that the student 
could have controlled. 

3 Which result do you think is most likely to be 
anomalous and why? 

4 Suggest what might have caused the anomalous result. 

5 Suggest how the experiment could be improved. 

6 Do you agree with her conclusion? 
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2.1 An aquatic home. 
From space, the Earth appears blue becausevV~ter 

· dominates the surface ofou.rptanet.There are five oceans. 
on Earth today: the Arctic; Atl'antic, Indian, Pacific .and 
Southern. These oceans cover approximately 70% of the 
globe and their marine ecosystems are crucialfor Ufeon. 
Earth.Oceans are. where life e\/olvedmorethan3,5 billion 
years ago and they arehometo <:~nenormoushiodiversityof 
sea creatures. 

The interface between the oceans and the land has 
also proved .crucial.to shapingtheplanet we live on .. 
Competitionw.ithin life intheoceans,as well as changes 
in jts temperatures and salinity, propelledsomemarine 
plants and·animalsto startcolonis.ing the land ove.r.425 
million years ago, The seas are wh~re the oceans and 
land meet, producing a variety ofco.astline habitats (siJch 

. :assandy,rocky, r'nuddy). Marine biologists have also 
investigated the estuarine interface, where sea~ extend 
in~andto meet the mouth.of a river. In estuaries fresh ,.,.. 
water and seawater. are mixed by the daily and seasonal · 
rhythrn of tides .. Many ~arine organisms .start their life here 
before veilturingouttosp~nd their adult life in the ocean. 

2.2 Fundamental principles 
of marine ecology 
Ecosystems 
Life on Earth can be divided into subunits called ecosystems. 
An ecosystem is all the living organisms in an area plus the 
non-living environmental factors that act on them. 

The bioticcomponents of an ecosystem are the living 
factors, such as producers, consumers and decomposers. 
Biotic components also include feeding relationships, 

- for example predator-prey relationships, which can be 
shown as food chains and webs. The abiotic components 
of a marine ecosystem are the environment's geological, 
physical and chemical features: 

• geological features include substrate type, topography 
and suspended sediment 

• physical features include temperature, exposure to wind 
and sunlight wave action, tides, currents, hydrostatic 
pressure, light intensity and wavelength 

• chemical features include organic nutrients, pH, salinity, 
oxygen, carbon, nitrogen and phosphorus. 

,, 

. The termec;ology is derived from the 
. meaning 'house'. Marineecology.i<S the 
organisms in their homes or h21bitats. M · ne ecologists 
study the conn.ections between ! rganisms and th~ir 
environments andaimto understand ' factors thatcontrol 

: '' ' '. . • l ' 

the distribution and abundance of life in, e oceans. To do 
this, it is important to understand the ra: of relationships 
between organisn1s,Ecologists"also : understand 
hovv marine organisms are adapted to ' waquatic 

.: .·.' '' :I ·. ' .. · . ·'. I 

.... environmentandhow both they andhu · can alter 
· that environment. 

Habitat 
A habitat is the natural environment 
live. Habitats are areas in which organ 
protection, shelter and a mate. Marine 
a range of habitats in estuaries, on the 
shallow and deep ocean water. Estuari 
areas where fresh and salt water mix. iments from 
streams often settle in estuaries, creati' g a number of 
important habitats where marine sp can feed and 
breed. These habitats include swampy. reas called 
wetlands, mangrove forests and salt m 

1 

rshes. 



The habitat an organism occupies can be defined by where 

it lives and how it moves. For example: 

• planktonic organisms, such as phytoplankton and 

zooplankton, drift in ocean currents 

• nektonic organisms, such as fish, marine reptiles and 

mammals, can actively swim 

• benthic organisms, such as tube worms, starfish, crabs 

and sea cucumbers, live on the seabed. 

Some organisms cross from one habitat to another during 

their life cycles. For example, crabs and clams both start 

out as planktonic larvae but become benthic adults. 

Habitats are not always geographical; for example, 

parasitic worms live inside their host species. 

Species 
A species is defined as a group of similar organisms that 
can interbreed naturally to produce fertile offspring. 
Each species is given a name composed of two parts, 
both of which are in Latin. This naming system is called 

the binomial system of nomenclature. It was first 
formulated in 1736 by Carolus Linnaeus, a Swedish 
botanist. The first part of the name refers to the genus, 

and the second part refers to the species. The genus 
is given a capital letter, whereas the species is always 
lower case. In print, a binomial always appears in italic. 

For example, the Latin binomial name for the Galapagos 
penguin is Spheniscus mendicu/us. When you write a 
binomial name by hand, you should underline it, for 
example Spheniscus mendiculus. 

Population 
A population is all the organisms of the same species 

that live at the same place at the same time, and are able 

to reproduce. For example, the squat lobsters living off 

Otago, New Zealand, are a population. Similarly, all the 
salmon in the Atlantic Ocean make up the Atlantic salmon 
population. 

The number of individuals in any population often 
increases and decreases. Population increases are 

caused by reproduction or by new individuals joining the 
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population area. Population 

death or by individuals leaving the 

The largest population that can be 

available resources is called theca 

resources are less than optimal, or 

up, they are called limiting factors a 
growth in the population. Limiting 

biotic or abiotic. Biotic limiting facto 

and predation. Abiotic limiting facto 

survival and reproduction, and inclu 

water temperature, pH and light i 

Community 
A community is an association of a 

populations of species occupying a 
same time. An example is the mol 
a Californian rocky shore, which 
different species of molluscs living i 
are communities that extend over 
globe and are classified according 

vegetation. Marine biomes include i 
and muddy shores, coral reefs and 
biome has a characteristic commu , 

Biodiversity 
Biodiversity describes the enormo 

organisms living on the Earth. Life o 
marine environment, the seas and 

extremely high biodiversity. 

Ecological niche 
Ecological niche is defined as the 
within an ecosystem. The term also 
interrelationships with other organi 

• Feeding relationships: for exam 
and killer whales are top pred 

consume predominantly squid, 
consume a wider variety of prey, 
seals and baleen whales. These 
therefore occupy different ecol 

ned by the 

g capacity. If some 
completely used 

result in reduced 

rs can be either 
include competition 

affect growth, 

e living space, food, 

sity. 

the different 

bitat at the 

areas of the 
the predominant 

rtidal, rocky, sandy 
seabed. Each 

, both sperm whales 
Sperm whales 

s killer whales 
eluding elephant 

species of whale 
l niches. 
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• Spatial relations~i'p's'~;two species may have the same 

feeding relationships but occupy that niche in different 

parts of the ocean. For example, if a prey species is 

found throughout the water column, one predator may 

feed on it in the surface photic zone (where there is 

light) while another feeds deeper down in the aphotic 

zone (where there is no light). 

• Temporal relationships: two species may have the same 

feeding relationships but occupy the niche at different 

times, for example if a prey species is found in the same 

location throughout each day, one predator may feed 
at night (nocturnal) while another feeds in the daytime 

(diurnal). 

2.3 Symbiosis within marine 
ecosystems 
Symbiosis literally means 'living together'. The term refers 
to an interspecies relationship between two or more 

organisms from different species living in close physical 

associati.on. The smaller partner in tbe symbiosis is called 
the symbiont and the larger one is ca[led the host. 

The~e are many forms of symbiosis including: 

• mutualism, when both species benefit from the 

relationship 

• parasitism, when one organism (the parasite) benefits 

at the expense of the host. 

Other types of interspecies relationship include: 

• competition, when both species are negatively 

affected by trying to fill the same ecological niche 

• predation, feeding that involves hunting, killing and 

eating another animal. 

Marine mutualism 
Examples of marine mutualism include 

• coral and zooxanthellae 

• chemosynthetic bacteria and tube 

• cleaner fish and shrimps and their h 

Cora[ and zooxanrtheUae 

The tissues of corals are host to symbi ic single-celled 

algae called zooxanthellae (see Chapte 5). 

Zooxanthellae photosynthesise and pr vide the coral with 
nutrients such as oxygen and glucose: 

zooxanthellae photosynthesis: 

carbon dioxide+ water~ glucose+ ox. gen 

As the. coral grows, it respires aerobical y and provides 

the zooxanthellae with the carbon diox de required for 
photosynthesis: 

coral polyps aerobic respiration: 

glucose+ oxygen~ carbon dioxide+ 

The zooxanthellae are provided with a afe habitat with a 

large surface area for maximum absor ion of light. They 
also obtain other minerals from the co· l's waste products: 

nitrogenous compounds are used tom. ke proteins, ATP 
and DNA, and phosphates are used for' NA, ATP and 

membranes. 

Chemosynthetic bacteria and tub worms 
Tube worms (for example Riftia and Tev ia species) are 

I 
associated with deep-sea vents. (see C apter 3). They 

live in the 'midnight' or aphotic zone w. ere there is no 

light. Because there is no light, photos • nthesis is not 

possible so photoautotrophic produce s cannot survive 

in this zone. Tube worms have followed a very different 

evolutionary pathway compared with hotoautotrophic 
producers. They host colonfesof chem synthetic bacteria 

that produce organic matter from the c emicals available 

at deep-sea vents. These symbiotic ch mosynthetic 

bacteria live in an organ inside the tub worm called the 

trophosome. The plume at the tip of a be worm takes 

in hydrogen sulfide, carbon di9xide an . oxygen. Carbon 

dioxide and hydrogen sulfide are carrie in the blood of 
the tube worm to the chemosynthetic , acteria in the 

trophosome (Figure 2.1). 



>-'<---- plume allows oxygen, 
carbon dioxide and 
hydrogen sulfide to enter the 

· blood supply of the tube worm 

'i\ "'--- heart pumps blood 
between plume and 
trophosome 

--\1\--- trophosome contains 
chemosynthetic bacteria that 
turn oxygen, carbon dioxide 
and hydrogen sulfide into 
food for the tube worm 

Figure 2.1. Chemosynthetic bacteria and tube worm 

mutualism. 

In this way the chemosynthetic bacteria gain a safe 

environment and nutrients while the tube worms use 

the organic matter for cellular respiration to create the 

ATP energy they require to grow. The tube worms form 

part of the food chain for other organisms colonising 

the vent, such as polychaete worms, octopuses, giant 
clams, mussels, limpets, crabs and vent fish. Eventually, a 

complex community consisting of many different species 

is established. 

Cleaner fish, shrimps and grouper 
Cleaning stations are often located on the top of a coral 

head. Reef fish, sea turtles and sharks congregate to have 

parasites removed by numerous species of cleaner fish 

(especially wrasses and gobies) and cleaner shrimps. When 

the host animal approaches a cleaning station, it opens 
its mouth wide as a signal to the cleaner species. The 

cleaner species then remove and eat the parasites from 

the host's skin, mouth and gills. The cleaners benefit by 

gaining nutrients from the dead skin and parasites that 

they remove. They also gain protection from predators 

while they are cleaning. The host fish benefit from reduced 
infection. 

Other examples of cleaning mutualism include: 

• pilot fish cleaning sharks 

• Pacific cleaner shrimps and bluesteS'Jk cleaner wrasses 
cleaning eels. ' 
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Marine parasitism 
Parasitism is a relationship in which.: e parasites obtain 

benefit at the expense of the host. 

Finding the next host is paramount 

and a large portion of a parasite's en. 

reproduction. Parasites can be divid 

groups: ectoparasites and endopar 

Edoparasites 
Ecotoparasites live on the outside of· 

The salmon louse is a species of co 

ectoparasite on Pacific salmon (Figu: 

to the skin, fins and gills of juvenile a 

and feed off the mucus or skin. The 

to juvenile salmon. For adult salmon 

diseases between wild and farmed 

infectious salmon anemia, which ca 

of fish farms). 

Other ectoparasitic copepods feed 

flying fish and spread disease. 

Greenland sharks and cause inflam 

Figure 2.2. Fish lice on salmon, 

Endoparasites 

eir host. 

od that is an 

2.2). The lice attach 

adult salmon, 

rasite can be fatal 

e lice can carry 

lmon (for example 

lead to the collapse 

the body fluids of 

attach to the eyes of 

tion, which reduces 

and reproduce. 

Endoparasites live inside their host, r example in the 

digestive system, attached to gills or n muscle tissue. 

They are considered to be parasites ecause they may 

weaken the host individual. Nema or roundworms 

are common endoparasites in tuna ( gure 2.3). 

Another example of an endoparasite s the small 

tapeworm that derives food and sh by living in the 
guts of whales. 
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Figure 2.3. Endoparasites living on the gills of a tuna. 

2.4 Feeding relationships 
Producers 
Producers provide food for virtually all other organisms 

in food chains and food webs. As autotrophs, they are 

'self-feeders' and synthesise organic 'food' from simple 

inorganic compounds and an energy source. There are two 

types of producer: 

• photoautotrophs, which use light energy 

• chemoautotrophs, which use chemical energy. 

Photoautotrophs 
Photoautotrophs use pigments (for example chlorophyll) 

to trap light energy from the Sun, in the light-dependent 

stage of photosynthesis. Marine photoautotrophs include 

seagrass, mangroves, seaweed, kelp, cyanobacteria 

and phytoplankton. Phytoplankton include diatoms 

and dinoflagellates and are essential to life on Earth 

because they produce half ofthe world's oxygen and are 

a major sink for carbon dioxide. Diatoms are single-celled 

organisms with a silicon shell. Dinoflagellates can form 

enormous ocean blooms or red tides that are sometimes 

visible from space. 

Clhemoautotrophs 
Chemoautotrophs use energy from the 

sulfur in hydrogen sulfide to make their 

Aerobic chemoautotrophs (such as m 

that liye in tube worms) need oxygen, w 

chemoautotrophs (such as bacteria that · 

sediment) do not need oxygen. 

will Be covered in greater details in Cha 

aerobic chemosynthesis C02 + H20 + 

anaerobic chemosynthesis C02 + 6H2 --7 

1 Using the following symbols, 

showing differentinterspecies 

• 0, species is unaffected 

• ~1.species is harmed 

• +,species benefits 

2 Name and explain the main simi • 

difference between the two 

can synthesise food energy. 

in deep-sea vent 

producers 

3 and 6. 

3 'C6ncel1trations ofphytbpla 
1 
are tower in'· 

Anta~2tica's So utherh Ocea ri th 
1 
oceans closerto 

.. the: equatohHowmightthe : conditions Of 
. 'th.e'southern Ocean inhibit nh:~+nlh 

Consumers 
l 

The term consumer refers to an organ 

its energy requirements by feeding on · 

The rate at which consumers convert t, 

of their food into their own biomass is 

productivity. 

Consumers include: 

er organisms. 

chemical energy 

lled secondary 

• predators (for example sharks) that ll and eat prey 

animals (for example fish) 

• herbivores that eat plants (for exam 



• suspension feeders that filter the water for food (for 

example mussels) 

• grazers that scrape algae (for example limpets, sea 

urchins and parrot fish). 

Zooplankton are important consumers and include 

copepods, foraminifera and kri.ll. Copepods are small 

herbivores that feed on diatoms. Foraminifera are single­

celled animals with calcium carbonate shells. Krill are 

shrimp-like carnivores that feed on other zooplankton 

species and phytoplankton. Krill are important food 

sources for birds, fish, seals and baleen whales. 

2.5 Food chains and food webs 
A food chain shows the linear sequence of organisms 
feeding on other organisms. A series of interlinked food 

chains forms a multi-branched food web. In food chains 

and food webs, arrows represent the direction in which 

energy, biomass and nutrients are transferred. The 

term trophic level refers to the 'feeding level' in a food 

chain or web. Producers occupy the first trophic level, 

primary consumers occupy the second trophic level, 

secondary consumers occupy the third trophic level, 
and so on. 

producer-+ primary consumer-+ secondary consumer-+ 

tertiary consumer-+ quaternary consumer 

1st trophic level-+ 2nd trophic level-+ 3rd trophic level-+ 

4th trophic level-+ 5th trophic level 

Primary (first level) consumers are also known as . 

herbivores. Secondary (second level) consumers are 

carnivores that feed on herbivores. Tertiary (third level) 

or quaternary (fourth level) consumers are carnivores 

that feed on carnivores. If carnivores are at the end of a 

food chain, they are called top predators. Organisms can 

be grouped into different consumertypes depending on 

the specific food chain being discussed. For example, an 

omnivore feeds on plants (making it a primary consumer) 

and other consumers (making it a secondary consumer). 
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Detritivores (for example worms, 

urchins) eat detritus (dead and d 

makes it easier for decomposers (for 

fungi) to convert the organic molecu 

inorganic nutrients. Detritivores and 

gain their energy from recycling the 

in detritus (see Chapter 4). 

Food webs illustrate how species 

other species so that they are not de 

source. As a result, if the population 

declines, alternative sources of food 

Food webs can also be used toil 

feeding relationships that ones 

different stages of its life cycle. For 

change the prey they feed on as th 

fish into mature adults. 

Predators and their prey 
Predator-prey relationships are an·i 

niche of a consumer. A predator is 

kills and eats another animal. Pred 

· crabs, starfish and 

ng material). This 

mple bacteria and 

in detritus back to 

ecomposers both 

utrients and energy 

mighthave at 

mple, herring 

evelop from young 

al part of the 

animal that catches, 

tertiary and quaternary consumers i' 

predators include sharks as well as 

eat plankton (planktivores) or fish (p civores). Predators 

have adaptations such as speed, agi , camouflage, 

teeth, poison and the ability to hunt packs. 

Prey are animals that are eaten by p ators. Survival 

adaptations for prey animals inc mouflage, 

defensive spines, the ability to hide i . safe places and the 

ability to flee. 

Some predator-prey relationships a an example of 
coevolution, where the predator an rey species have 
evolved together in response to cha in each other's 
morphology and physiology. 

Predator-prey relationships are cru l for keeping a 
healthy balance of populations withi the ecosystem. For 
example, without starfish (Figure there would be no 
natural predators to control the num ers of mussels, sea 
urchins and shellfish. Left unchecke these organisms can 
destroy a kelp forest. Similarly, y fish (Figure 2.4b) 
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are herbivores that prey on marine algae growing on coral 

reefs. Without this crucial predator-prey relationship, the 

algae would overgrow the coral and limit the light reaching 

the zooxanthellae. This would eventually kill the coral. 

Figure 2.4. (a) Starfish; (b) butterfly fish. 

Population changes in predator-prey 
relationships 
The predator population is usually smaller than its prey 

population. This is because individual predators often 

have a larger biomass than individual prey, and there is a 

significant loss in energy between trophic levels. 

The availability of food is a major limiting factor that affects 

the location and numbers of predators in an ecosystem. The 

spatial distribution of predators is often linked to their 

prey. For example, predators such ass ordfish, sharks 

and gannets follow their sardine prey al ng their annual 

migration route. But predator and prey· ocations are not 

always linked. For example, a predator ay have many 

alternative prey species and not close I~ follow prey that is 

a minor source of food energy. 

Organisms in an ecosystem are interde endent, so when 

one species changes in population size; other species in 

the community may also be affected. en the availability 

of food (the number of prey organisms) i~ reases, the number 
of predators also increases. This is becau' e when predators 

have more food energy available, they ha e an increased 

chance of surviving and reproducing. The opposite is also 

true: when the number of prey decreases the number of 

predators also decreases. 

For example, if a fish population increa es because it 

finds a new food source, the predators, ark population 
also increases because the sharks hiwe more food. If the 

fish population decreases because of o er-fishing, the 

population of sharks also reduces beca se the sharks have 

less food. Conversely, if the shark popu ation decreases as 

a result of sickness, the fish population ould experience 

less predation and increase. 

Lionfish 

The numbers of prey and predators in i terrelated 

populations fluctuate through time, wi the number 

of predators lagging behind the numbe of prey. An 

example of this interrelationship can b seen between 

the predatory lionfish and the native At antic Ocean fish 

species that they prey on. An increase i the population of 

predatory lionfish causes a reduction i, native fish stocks. 

When the fish stocks are too low to sus 'a in the increased 

lionfish population, lionfish numbers b gin to decrease. 

The drop in predatory lionfish therefor 'lags behind' the 
drop in numbers of its prey. A reductio in the lionfish 

population results in less predation of . e Atlantic fish, 

and the fish population begins to recov r. After a time lag, 
the rising prey population results in an ncrease in the 

predatory lionfish population. These o dilations in the 

predator-prey cycle continue with dec: asing amplitude 

until a more stable ratio of predators t prey is reached 
(Figure 2.5). 
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Figure 2.5. Predator-prey relationship for lionfish and 

Atlantic Ocean fish. 

Crown-of-thorns starfish 

The crown-of-thorns starfish predates corals on the Great 

Barrier Reef. The numbers of predators (starfish) and prey 
(corals) have fluctuated over a 25~year period (Figure 2.6). 

Between years 4 and 16, the coral population (measured 

by percentage cover) decreased from 52% to 6%. This led 

to a reduction in the relative number of starfish from 16 

to 3. The drop in starfish numbers did not start until year 
10: there was a time lag of 6 years between the drop in 

coral prey and the drop in starfish predators. The time lag 

resulted in a maximum number of predators as the prey 

population was in decline. The coral recovered between 

years 16 and 25 because the relative numbers of starfish 
were low. From 21 years, as the coral cover increased, the 

relative number of starfish also began to increase. Again 

there was a time lag between the increase in coral cover 

and the increase in relative number of starfish. 
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Figure 2.6. Predator-prey graph for crown-of-thorns 

starfish and coral cover. 
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Keystone species 

Keystone species are consumers th , affect biodiversity to a 

greater extent than would be ·• from their population 
numbers. Keystone species are likely . occur near the top 

of the food chain, although they are n necessarily the top 

predator. Keystone species control species by means 

of predation and competition. They also be capable of 

ecosystem engineering by physically · odifyingthe habitat. 

Keystone species are important in programmes 

that focus resources on maintaining h species, rather than 

attempting to protect and manage all dangered species in 

a habitat that is at risk. 

Starfish are an example of a keystone pecies in coral reef 

communities. Starfish (for example ochraceus) are not 

top predators, because they are prey · sharks, rays and sea 

anemones. Starfish themselves feed a range of species, 

including sea urchins and mussels. If rfish are removed, 

mussel and sea urchin populations in se dramatically, 

because those species have no other ral predators. An 

explosion in the mussel population uld drive out other 

molluscs (for example limpets, chito and barnacles) by 

outcompetingthem for the limited sp ce available on reefs 

(competitive exclusion). An increased urchin population 

would feed unhindered on the coral a. lead to a decrease 

in coral biomass. Starfish thus biodiversity by 

controlling mussel and sea urchin po · lations. They are key 

to the delicate interrelationship n other organisms 

within the coral reef community. starfish, the 

ecosystem biodiversity would be si ntly reduced. 
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species B f-----••1 
species C f-----,..••----lf-----~ 
species D f-------~!EElE!E'ElE~~ 

2 4 6 8 

MathsskiUs 
F '. ' 

Mean, median, mode and range 
The mean is the average of your data. To find the mean, add up all the data values (LX) and then .. 
by the number of data entriei> (n). 

The median is the middle value in the list of data values. To find the median, list your data in 
numerical order from lowest to highest. Identify the middle value: this is the median. 

The mode is the data value that occurs most often. If no data value is repeated, there is no mode for 
the sample. There can be more than one mode. 

The range is the difference between the largest and smallest data values. 

Worked example 
A student recorded the following data for the number of periwinkles found on a rocky shore transect. 

quadrat [ number of periwinkles 

1 17 

2 92 

3 116 

4 54 

5 11 

6 3 

7 0 

8 0 

9 0 

Table 2.2. Periwinkle numbers. 

20 
low 
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","-' , " ... : .. 

Lx=t7 + 92+ 116t~54:¥trf±.a+o+o·.'f'0=293·· 

Mean·"' L;,cln ~ .. 293!9 ~33 .. (0dedffialplaces) 

The median is the middle value, so you have to reWrite the list inordedtdrn:Iowt;srto\ligh~st: · 
. . 

0, 0, 0; 3, lil 17, 54, 92, lil6 

.· There are nine data values in the iist; so the middle one will be the fifth data value. 'The median is 
therefore 11. 

The m~de ts the nu~qer that is,r!;!peated more often than any other~ The mode for this d~taset is 0 
because iti,srepeatedthree times. . . . . 

The largest data value iiithe list is 116, and the smallest is 0, so the range is 116-:0 = 116 

Questions 

1 Trophic level transfer efficiency (TLTE) measures the amount of energy 
that is transferred between trophic levels. TLTE is calculated by: 

TLTE =energy trophic level"+ 1 I en~rgy trophic level" x 100 

trophic level"+ 1 is the trophic level above trophic level" 

Figure 2.9 shows a pyramid of energy for a marine ecosystem 
(in arbitrary units). 

Calculate the TLTE for: 

a phytoplankton - zooplankton 

b zooplankton - herring 

c mackerel - tuna 

2 Calculate, to the nearest whole number, the mean, median, 
mode and range for the list ofTLTE values given in Table 2.3. 

energy trophic level11 I energy trophic leveJn 1 1 

seal polar bear 

krill blue whale 

squid Weddell seal 

arctic cod Weddell seal 

copepod arctic cod 

krill arctic cod 

krill squid 

arctic cod squid 

diatom krill 

krill copepods 

diatom copepod 

Table 2.3. TLTE values. 

I TLTE/% 
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20 
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Figure 2.9. Pyramid of en 

marine ecosystem (in ar 
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Shoaling 
If fish come together in an interactive, social way, they 

are said to be shoaling. The fish adjust their behaviour to 

remain close to the other fish in the group. Shoaling fish 

can be of one species (a school) or include fish of different 

sizes and of mixed species. Fish in a shoal function in a 

coordinated way even though they appear to have no 

leader. The individual fish tend to keep a constant distance 

between each other, turning, stopping and starting in near 

perfect unison. The shape of a shoal depends on the type 

of fish and what the fish are doing. Fast-moving shoals 

usually form a wedge shape, while shoals that are feeding 

tend to become circular. Shoals that are travelling can form 

long thin lines, squares or ovals. For example, mullet can 

form 'chains' of shoals 100 km long. 

Why fish shoal 

The formation of a shoal has a number of advantages to 

the fish. 

• Small fish (for example sardines, herrings, anchovies 

and menhaden) are preyed on by larger predators (for 

example tuna, sharks, dolphins, sea birds, seals and 

whales). The small fish compensate for their size by 

forming shoals as a defence against predators. These 

shoals can become huge when migrating across open 

oceans. The synchronised movement of large shoals 

of fish may confuse a predator: the shoal may split 

into several groups or surround the predator. This 

makes it difficult for the predator to concentrate on 

just one fish. Some shoals form 'bait balls' to protect 

themselves from predators. The fish at the centre are 

relatively protected whereas those on the outside are 

more vulnerable. Tightly shoaling fish usually have 

silvery sides (like anchovies) and may swim to produce 

.a wave-like effect on the outside of the shoal to confuse 

predators further. 

• With so many eyes, it is more likely that a predator will 

be seen. Fear chemicals are then secreted that help 

alert other individuals in the shoal when an attack is 

imminent. 

• With large numbers offish, there are many eyes to 
search forfood, so the time taken to find food is 

decreased. Fish in shoals share information by closely 
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monitoring each other's behavioU! . The feeding 

behaviours of one fish quicklysti • ulate food-searching 

behaviour in other members of th, shoal. 

• Shoaling also leads to a reproduc ive advantage. 

The close proximity of males and males increases 

the chance of finding a mate or fe ilising externally 

released eggs. 

• During migrations, swimmingeffi. iency is improved 

because most of the fish can take] dvantage of the 

slipstream produced by the fish iri front. This reduces 

the water resistance (drag) for the fish swimming behind 

so the shoal can swim faster and ave energy. 

There are also disadvantages of sho ling. 

• Some predators are more efficien at attacking shoals 

than individual fish. 

• The large numbers of fish swimmi g close together 

cause excretory waste to build up while oxygen and 

food supplies are depleted. 

However, there must be a net surviv I advantage to 

shoaling otherwise this behaviour w uld not have been 

evolutionarily successful. The en erg saved by shoaling 

can be used to increase an individu~ 's potential to 

survive, reproduce and pass on its g ne alleles to the next 

generation. 

Examples of shoaling 

o Sardines are small, oily fish relat to herrings. 

Sardines are a shoaling forage fis. that form 'bait balls' 

(Figure 2.10) to minimise their cha ce of being taken 

by predators. Individual sardines re more likely to be 

eaten than a large group swimmi g together. 

o Herring are forage fish whose sm II shoals aggregate 

together into much larger shoals uring migration. In 

the North Atlantic, up to 3 billion sh can be in one 

shoal. Herring shoals have precis arrangements that 

allow them to maintain a constan· speed. Herring 

shoals react rapidly to predators . ecause they have 

excellent hearing. 

o Skipjack tuna are predatory sho lers that swim in large 

groups of up to 50 000 individuals when migrating to 

find food. Simultaneous attack b' large numbers of tuna 

helps break up the sardine 'bait b lis' that they prey on. 

Skipjack tuna sometimes shoal w h other tuna species 

or other fish of similar size. Shoali g improves the 

tuna's chance of finding prey bee use there are more 

individuals to sense the prey. 

I 
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Figure 2.10 A 'bait ball' of bluelined snapper. 

2.6 Succession 
The term succession refers to the grad ua I process of change 
that occurs in community structure over a period of time. 
This temporal change in the composition of species in 
a particular area is predictable and can be measured by 
ecologists. There are three stages in succession (Figure 2.11). 

• Colonising stage: the first community of organisms to 
colonise a new habitat appears (a pioneer community). 

• Successionist stage(s): stage(s) in which the biodiversity 
or species richness in a community increases during 
succession. Communities move through several different 
successionist stages. A sera I stage is a stage when a new 
species successfully establishes within the community. 
The halosere is the entire range of communities that 
succeed one another at a salt-water site. 

Figure 2.11. Primary succession in a coral reef. 

. • Climax stage: a complex commun· 
is finally formed. Over time, prod 
and decomposers change. Gradua 
changes less and less frequently u 
species composition become stab 
community. 

Types of succession 

many species 
, consumers 
the community 

I the structure an,d 
This is the climax 

There are two types of succession: pri ry succession and 
secondary succession. 

Primary succession occurs in newly for 
where there has never been a commu 
habitat is a bare substrate with no life 
habitats can be natural, for example n 
as a resu It of underwater volcanic eru 
the new habitats can be unnatural, as 
activity, for example the structure of a 

Secondary succession occurs on sites 
supported a community that is now n 
example because of habitat destructi 
cyclone or tsunami. 

Coral reefs 

nt. These new 
islands formed 

ions. Alternatively, 
result of human 

at have previously 
longer there, for 
caused by a 

Both primary and secondary successi occur on coral 
reefs. Primary succession occurs as i3 . lea no erupts and 
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lava creates a new habitat with no plant life (Figure 2.11). 
- -- ·---Coral is the first to colonise and grow on the lava flow, so 

is a pioneer species. Coral reefs also undergo secondary 
succession, for example after an area of the reef has been 
removed by deep-sea trawlers. 

Hydrothermal vents 

A hydrothermal vent is a gap in the Earth's surface that 
releases geothermally heated water. 

Succession occurs around hydrothermal vents in deep 
oceans. Hot water forced from hydrothermal vents brings 
up nutrients from the rocks beneath the seabed. The first 
organisms to grow near the vent fluid are chemosynthetic 
archaebacteria. Tube worms (Tevnia species) are early 
pioneer species that inhabit a hydrothermal vent, forming 
symbiotic relationships with the archaebacteria. Tevnia 
is later replaced by the much larger (up to 2m long) and 
faster-growing Riftia tube worms. The nutrients produced 
by the tube worms allow other organisms to colonise the 

Figure 2.12. Hydrothermal vent food web. 

. vent (for example polychaete 
limpets, crabs, mussels, hagfish and 
a complex climax community con 
species is established (Figure 2.12). 

Whale fall 

octopuses, clams, 
nt fish). Eventually, 
g of many different 

A whale-fall community is formed a whale dies 
and sinks to the ocean floor (Figure 2. The pioneer 
species of this community are res, such as sharks, 
hagfish and amphipods. They eat the mg flesh ofthe 
carcass. Within a year, most of the le's flesh will have 
been removed. Crabs, small fish, snai and worms then 
eat the organic leftovers in the sedim · When only the 
skeleton remains, heterotrophic · 1 decompose the 
oils in the whale bones. The decom · ition of the whale's 
body enriches the surrounding sedim 
Decomposition also releases com 
energy sources for chemosynthetic a . 
clams, snails, crabs and worms feed 

I 
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Figure 2.13. Whale-fall pioneer species. 

2. 7 Environment and biodiversity 
The environment is a major factor influencing the 

biodiversity of a habitat. Environments that are either 
unstable or extreme tend to have a lower biodiversity than 

environments that are stable and not extreme. 

Coral reef: a stable and non-extreme 
environment 
Coral reefs occupy less than 1% of the ocean floor, but 

contain more than 25% of known marine life. This high 
biodiversity is the result of a stable and non-extreme 
environment that provides abiotic conditions that are 
close to optimum for the producers. A vibrant community 
of producers provides the foundation for long food chains 
and a diverse food web. 

Coral reefs are found in the photic zo in clear non-
polluted shallow water. The zooxanthe 1 symbionts 

in coral are photoautotrophs, creating 1 d energy by 
photosynthesis. Zooxanthellae in coral, re ectothermic, so 
they are unable to maintain their own dy temperature. 

They are reliant on the ambient sea te 
1 
perature being 

constantly warm, in order to ensure a ; rate of 

photosynthesis. This results in coral mg faster and 
producing greater biomass than in 

Changes in abiotic conditions can dec I 
For example, deep-water coral reefs, 

1 

intensities, have less biodiversity than · 

shallow waters. Human impact can a 
stability of the environment's abiotic . 
drastically reduce the biodiversity and' 

coral reef. Coral reefs are sensitive to 

temperature (as a result of global wa 

sediment and toxicity (caused by coas • 
agricultural run-off). 

biodiversity. 
h lower light 

l reefs in 

disrupt the 

Hydrothermal vents: an .avlrl"'.all:'!l'\.a 

environment 
Hydrothermal vent communities are lrYII'::>t<=•r1 in an 

environment that is extreme because e abiotic 

conditions, including toxins, tempe pH, hydrostatic 



pressure and light, are outside the zone of tolerance for 
most organisms. 

The hot water from a hydrothermal vent contains 
dissolved minerals from the Earth's crust below the vent. 
As the hot vent water meets the cold oceanic water, it 

rapidly cools, causing the dissolved minerals to solidify. 
The high concentration of hydrogen sulfide gas, as well as 
minerals such as copper, lead, zinc and sulfur, create an 
environment that is toxic to most organisms. The water 
surrounding hydrothermal vents can reach temperatures 
as high as 320 oc with a pH as acidic as 2.8. To survive 
here, the chemosynthetic bacteria have specialised 

Our deep-sea pharmacy 
The World Health Organization (WHO) estimates 
that antibiotic treatments add an average of 20 
years to all of our lives. But since the introduction 
of penicillin in 1942, our society's overuse of 
antibiotics has led to the emergence of many 
more antibiotic-resistant strains of bacteria. These 
untreatable superbugs mean that what were once 
considered to be easily treated infections are 
becoming fatal again. In 2013, more patients died 
of MRSA (methicillin-resistant Staphylococcus 
aureus) than of AIDS (acquired immune 
deficiency syndrome). 
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enzymes that can resist denaturing 
The bacterium Thermus aquaticus h 
temperature range of 75-80 oc. 
Hydrothermal vents can occur at de 
organisms can live at this depth be 
water pressure may be up to 300 
hydrothermal vents are also in the a 
that require light for photosynthesis 
here, so there is less energy and 
consumers further up the food chai 

an optimum 

of up to 4 km. Few 
se the hydrostatic 

eres. Deep 
hotic zone. Produc~rs 
re unable to grow 
r nutrients to support 

As few organisms are adapted to li 
conditions, hydrothermal vents ha 

in the extreme 
a low biodiversity. 

Many pharmaceutical drugs are u~:•.v .. u.a 

animals, fungi or bacteria. The H, ''"'''"M 

PharmSea initiative has provided '-'7·-'l~•uu.•uu 
research a variety of marine orgianisrrt~ 
whether they can supply the next 
antibiotic, anti-cancer or anti-urua,, ... !,~a•·v• 

Deep-sea trenches are the largest un,ex~>lot~ed. 
on Earth. Trenches are inhabited by 
organisms with unique and unusual bilbchc~m.istr·v. 
allowing them to survive in severe ten:tberat1 
pressure and pH. Marine scientists an:JJbtopJ:Osipec:tJ 
number of these ocean trenches 
the Kermadec Trench off New .u-..,ua.u'll, 
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Trench in thewestern Pacific, the Izu-Bonin Trench 
off Japan and the Peru-Chile Trench. 

Engineers access the benthic sediment either by 
deep-sea submarines or dropping a long coring 
device to the ocean floor. It takes at least 4 h for the 
coring apparatus to sink to the seabed at a depth of 
8000-11 000 m. 

Organisms in the trench sediment are pressure­
sensitive and need high-pressure chambers to survive 
and grow in laboratories at sea-level. Researchers 
extract and test the bioactive compounds produced 
by these organisms for medicinal properties. . 
Zebrafish are used to test new medicines as they have 
a similar physiology to humans. 

Dermacoccus abyssi is a bacterium retrieved from 
sediment in the Mariana Trench. This organism 
produces dermacozines, a new biochemical that 
may help protect against the parasite that causes 
African sleeping sickness. 

Lake Hodgson is a fresh-water lake in Antarctica. 
It is another source of microbes that may provide 
future medicinal drugs. This lake has been sealed 
beneath 4 m of ice for at least 11 000 years. Analysis 
of sediment taken from beneath the subglacial waters 
has shown that about a quarter of the DNA present 
comes from previously unknown species. 

Marine organisms living on the benthic floor of 
more shallow waters may also be potential sources of 
medicinal drugs. Such organisms can be collected by 
dredging, scuba diving or snorkelling. For example, 
three species of Australian sea sponges have been 
found to produce chemicals called chondropsins. 
The drug potential of chondropsins is related to 
their ability tb inhibit certain enzymes that play a 
role in the development of bone cancer, Alzheimer's 
disease, viral infections, diabetes and cardiovascular 
disorders. 

Other discoveries that are currently undergoing 
medical trials include: 

a pain-relief drug harvested from 
marine cone snails 

• schizophrenia medication from marine worms 

wound-healing drugs from corals 

anti-cancer drugs from a range of 
marine bacteria, bryozoans, fungi, 
tunicates, molluscs and nudibranchs. 

Figure 2.15 shows the proportional uses of beneficial 
chemicals derived from marine organisms. 

Figure 2.15. Use of beneficial chemicals ,,.,,,.,.u,,.. from 

marine organisms. 

Questions 

1 What is the mean of the data shown 

2 Australian sea sponges act as 
bacteria that produce chondropsins . .LjjAI"'""'u 

sponge and bacteria both benefit by 

3 Figure 2.16 shows different strains of 
(A-F) that have been harvested from .,1 , "v'·'"'~;~. 
The sponge-derived bacteria produce h, omATPrt111J 

antibiotics against a range of 
The effect of the antibiotic can be 
radius of its inhibition zone. An 1u1u~1~uL'u 
is an area where bacteria cannot 
the production of an antibiotic. On 
is measured by the diameter of no 
each disc (A-F). Explain which 
antibiotic-producing strain (A-F) is 
effective in this figure~ 

Figure 2.16. The effect of antibiotics 

different strains of sponge-derived 
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Sand on a reef slope: an unstable but 
non-extreme environment 
Reef slopes are the steep, sometimes vertical, walls at 
the front (fore) of a reef. These fore-reef zones absorb 

most of the energy and damage from incoming waves 

and stormy seas. This means the sandy substrate of a 

reef slope is easily eroded by currents, waves and wind, 

and it is difficult for marine plants to grow there . .Lack 

of biomass in primary producers and the usual loss of 
energy between trophic levels means that food chai.r}s 

are short and the environment cannot supportspecies at 

higher trophic levels. 

The organisms that can successfully us.ethereef slope 

sand habitat include animals that b.urrow into the sand, 

such as worms, clams, sand fleas and .crabs. Although the 
physical conditions are not extrerne, they are consta1;1tly 
changing so the environment isdesc;ribed as unstable. Not 
many marine organisms are adapted to survive in such 
condition, so biodiversity i:s low. 

Rocky shore: a. stable and non~extreme 
environment 
Like coral reefs; rocky shores are a stable; non-extreme 
environment.They:supporta greater number of species · 

than sandyshores becaLJse they are better at resisting 
wave action and erosion,The rock provides a good 
attachment surface for molluscs and seaweeds, so there 

is less chanceofthe organisms being washed away. Rocky 

shores also provideprotective habitatssuchas rock pools 
and crevices. They are less porous thqn sandy. shores so 
organisms are less pron'e to drying out and dying from·. 
desiccation. · · · · · . ' · · · , . .· 

2.8 Sp~~ialis~d and generalised 
ecologicalnic:hes \ .· · 
An ecological niche can be defined as the role of an 

organism in an ecosystem. Marine ,organisms may have 
either a specialised or a generalised nic.he in their specific 
environments •. 

Specialised ecological niches: · 
If an organism cari survive only withi 

physical, biological orchemical eters, it is 

considered to have a very specialise niche: Organisms 

with a specialised niche have a Qa nge of food 

requireme11ts or live i(l a specificha Coral reefs have a 

high number of organisms with,s.. lised niches, such. 

as butterfly fish and emperor ange . Butterfly fish are 
territorial and live closely associated ·a specific area 

of coral. They are highly adapted to s' rviving ori coral 

reefs. Forexample,theyhave thin sn uts to reach irito the 
crevices of rocks to feed on the cora and sea anemones. 

Emperor angelfish live in reefs.and have 

a specialis.ed. niche,.feeding on coral 
parasites and dead skin .from larger 

Generalised ecological nieh 
Generalised niches areheldbyorgan. 
exploit a wid~ range of habitqts aod · 

examples include the northern b ' 

follows the nutri~nt-rich cold oc~an feeding on a 
wide range of prey, including fish, molluscs, squid 
and crustaceans. Unlike many cold- · ed animals, tuna 

can increase their body temperature mparedwith the 
temperature ofthe surrounding · As a result, tuna are 

ableto sVvirrirapidlyandtblerate a b range of water· 

temperatures.:This ensures that tu n inhabit abroad 

thermal niche andbefoundthmu 

Anothermarineorganism that has a ralised niche is the . 
bottlenose dolphin, whose diet inclu i=Jlarge variety of fish 

and squid species and whos~ habitat nds throughout the 
world's oceans exceptforthe polar Similarly, mako 

sharks are dpportunisticfeeders, eatin ·· a range ofshoaling 

fish such as tuna and mackerel (Figure sharks can live 

in a wide range of different conditions, at different 
temperatures anddepths. They can ril· 

habitats and hence hunt in different 

High biodiversity and narrow 
High biodiversity means that many d 

within one ec\)sy~tem. Each species 
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or ecological role within the ecosystem. Niches are 

determined by factors such as habitat, food, reproduction 

and behaviour. All of these factors are sources of 

competition between species. 

Competition is a relationship between organisms that 

strive for the same resources in the same place. There are 

two different types of competition: 

• intraspecific competition, which occurs between 
individuals of the same species (for example two male 

fish of the same species competing for female mates in 

the same area) 

• interspecific competition, which occurs between 
members of different species (for example predators of 

different species competing for the same prey). 

Interspecific competition can lead to overlap between 

ecological niches. The species that is less well adapted has 

access to fewer resources and is less likely to survive and 

reproduce: this could lead to the species becoming extinct. 

However, interspecific competition more often leads to 

greater niche adaptations and niche specialisation. 

The fundamental niche is the niche of a species where 

that species experiences no competition with others. The 
fundamental niche can also be defined as the tolerance 

range for all importantabiotic conditions, within which 

individuals of a species can survive, grow and reproduce. 

But all organisms are part of complex foodwebs, sharing 
the ecosystem with other species, and all competing for 

the same biotic and abiotic resources. As these resources 

are limited, this leads to interspecific competition. 

The competitive exclusion principle predicts that, in 

a stable ecosystem, no two species can be in direct 

competition with each other. If the niches for two species 
are identical, one species will die out as a result of 

interspecific competition. For example, if an introduced 
species is added to an existing marine habitat then the new 

. species may have the same niche as a native species (for 

example two top predators feeding on the same prey atthe 

same time in the same habitat). Interspecific competition 

between the two species will occur, as they compete for 

this niche. One of the two species will be better at hunting 

the prey, therefore will thrive and increase in population 

size. The population of the other species will be less 

ecologically or reproductively viable, eventually dying out. 

Coral reefs 

Coral reefs are home to many different species, including 

corals, fish, anemones, turtles, crabs, sharks and dolphins. 

Estimates of the number of reef species worldwide are 

between 600 000 and more than 9 mill n. A survey by the 

Smithsonian National Museum of Natu
1 

al History found 

·that coral heads with a surface area of .. 3m2 have 525 

different species of crustacean. This is lmost as many 

crab species as found in all of the seas, f Europe. 

The high biodiversity of coral reefs result from high 

productivity and each organism is intrin ically linked to the 

other animals, plants and microorganis sin the food web. 

The nutrient and energy flow between t · phic levels is highly 

efficient. With so many species in such s 1 all areas, organisms 

avoid competition by narrowing their ec logical niches. 

All species living in the same habitat d something slightly 

different compared with the other spe ies in orderto 

narrow their niche and so prevent com etitive exclusion. 

For example, if two species share the s me food source, 
they may feed at different times (ones ecies feeding 

at night, another feeding in daylight); t is is temporal 

separation. Alternatively, a niche may e narrowed by 

spatial separation, for example, differe t fish species living 

at different levels of the reefto avoid c. mpeting for food. 

The coral reef environment is stable ari not extreme, it 

has high productivity and high biodive sity. When there 
is a high biodiversity, the realised nich . of each species 

narrows to reduce interspecific compe ition. As the 

productivity is high, there is still suffici nt energy and 

resources for species to survive and re ~ roduce. 

low biodiversity and ecologic ·1 niches 
The open sea has fewer species and ther. fore lower 

biodiversity. Species such as tuna and sh rks qre able to 

exploit a wider range of food sources and hence have more 

general realised niches. This is a result of here being less 

interspecific competition in the open seai If a species narrows 

its realised niche in a region of low biodiv rsity, the energy and 

resources available for it to grow may be i sufficient, leading 
to less reproduction, and eventually the s ecies dying out. 

In unstable ecosystems, for example W! ere there are 

regular tropical cyclones and tornados the instability 

can interfere with competitive exclusio , allowing other 

species to have a chance in the habitat and hence 

increasing biodiversity. An example of is can be seen 

on rocky shores where strong storms r. gularly remove 

competitively dominant mollusc speci 
1 

s, allowing other 

normally competitively excluded speci, s to survive. 

In an area where there is a lot of one sp cies, such as a 
large school offish, the strain on resou ces is a lot larger, 

so the species must expand its realised niche, feeding on 

organisms that might not otherwise be part of the diet. 
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Exam-style questions 

1 a Explain what is meant by each of the following terms. 

Population 

ii Community 

iii Trophic level 

iv Species 

v Ecosystem 

b Many forage fish species (for example sardines or herrings) form sh 

Discuss the advantages of shoaling. 

ii Discuss the disadvantages of shoaling. 

2 Figure 2.18 below shows the interdependence of ocean temperature and 

11 
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[Total mark: 11] 

redator-prey cycles. 

Figure 2.18. The interdependence of ocean temperature and predato prey cycles. 
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a Use Figure 2.18 to find the range of oce~n temperatures. 
I 

b How might global warming affect the g~een crab population? 

c Describe the relationship between the green crabs and clams and su 'gest an 

explanation for this relationship. 

[1] 

[1] 

[3] 

d Explain how populations of marine predators may be spatially linked o their prey. [2] 

e Suggest how ecologists could have collected the green crab data. [4] 

(Total mark: 11) 

3 Figure 2.19 shows a marine fpod web. 

striped bass 

diamondback 
terrapin 

loggerhead turtle 

t 
_ ~ / •aoded;og 

horseshoe crab.. \" 
and eggs 

t 
--~ grackle 

razor clam 

phytoplankton 

Figure 2.19. A marine food web. 

a What is the primary source of energy for this food web? 

b Write a food chain based on the food web including a tertiary consu er. 

c Explain what the arrows between organisms represent. 

d With reference to Figure 2.19, explain the term predator. 

e Suggest one biotic factor, other than predation, that may affect the h rseshoe 

crab population. 

f Ecologists studied a total of 130 horseshoe crabs and found 10 with c liate parasites. 

[1] 

[2] 

[2] 

[2] 

[1] 

Explain the term parasite. [3] 

4 a Describe the relationship between coral and zooxanthellae. 

b Define succession. 

c Outline the succession that leads to the formation of a coral reef. 

d Discuss why coral reefs contain narrow ecological niches. 

(Total mark: 11) 

[3] 

[1] 

[3] 

[4] 

(Total mark: 11) 
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5 Figure 2.20 shows a food web for the Arctic. 

Arctic fox 

Figure 2.20. An Arctic food web. 

a 

b 

c 

Draw a food chain with polar bears as a quaternary (4th level) co 

Beluga whales are hunted in Canadian Alaskan and Russian Arctic. 

meat, blubber and skin. Explain ho~ this could affect the popu 

of the other species in the food chain: phytoplankton- zoo plan 
cod- beluga whale. 

A study of the stomach contents of seals found that they included 

invertebrate prey: 73 crabs, 55 clams, 47 snails, 32 amphipods and. 
the mean percentage of invertebrates in the stomachs. 

d Discuss the effects of global warming on the following species: 

polar bear 

ii ice algae 

[1] 

ions for their 

numbers of each 

-small fish- Arctic 

[4] 

variety of 

shrimps. Calculate 
[1] 

[1] 

[1] 

e When moulting, seals spend time out on ice packs while replacing eir fur and skin. 

f 

In 2011, several species of ice-dependent seals were found dead o 

coats. Discuss why some scientists believe abnormal coats may b 
warming. 

In 2015, global warming led to the seal-hunting season in no 

the shortest in memory. The season lasted less than a week, com 
\ 

3 weeks. Why might this have been caused by decreased ice 

[2] 

rn Alaska being 

red with the usual 
[1] 

(Total mark: 11) 

I 



I 

Cambridge International AS and A Level Marine Science [ 
! 

Southern Ocean ecosystem 
The Southern Ocean encircles the Antarctic and encompasses between 10 and 20% of the global ocean 
area, including the Earth's largest current, the Antarctic circumpolar current. The Southern Ocean is 
uniform in either productivity or biodiversity. Localised changes in ice coverage, seabed topography 
oceanic currents create a range of different habitats including: 

the permanently open ocean zone, which is nutrient rich but has relatively low levels of photosynthesis 

the seasonal ice zone, which is the most productive part of the Southern Ocean 

the coastal and continental shelf zone, which contains a permanent ice pack zone characterised by 
phytoplankton blooms. 

The food webs of the Southern Ocean are among the most important in the world. They support a wide 
oflocal organisms from algae to large animals such as whales, seals and penguins (Figure 2.21). You can 
to this figure as you read on about the producers, consumers and microorgansims in this ecosystem. 

_f~····.··~·· 
. ·• 'L. 

'marine bird~ Adelia penguins 

~· . 
. ·~~ 

Figure 2.21. Antarctic food web. 

Producers 
Open ocean waters are rich in single-celled organisms that have different cellular characteristics from 
animal and plant cells. These organisms are called protoctists and include phytoplankton (for example 
diatoms, cyanobacteria and dinoflagellates). These are the producers that organisms in higher trophic 
levels depend on. Phytoplankton can be divided into three groups depending on their size: 

picoplankton (2.0-2 f.!m) 
nanoplankton (2-20 flill) 

microplankton (20-200 f.!m). 
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The ocean water around Antarctica is often frozen and covered by ice for long periods of time. Unde 
the ice, the light intensity is too low for phytoplankton to photosynthesise but algae can grow and ar 
an important food source for herbivorous zooplankton, for example krill. There are also more than 
700 species of seaweed found in Antarctica's shallow coastal waters. Water temperature and depth a 
important limiting factors that control seaweed distribution. 

Consumers 
Zooplankton are consumers that feed on phytoplankton. Some zooplankton species complete the w ole 
of their life cycles as plankton (haloplankton) while other species are only planktonic in their larval tages 
(meroplankton). 

Melting ice in spring and summer produces a layer ofless saline water on the Southern Ocean's 
surface, together with increased nutrients and sunlight. These changes in abiotic conditions lead to 
a massive increase in phytoplankton, known as a bloom. The phytoplankton blooms. feed krill and 
other herbivorous zooplankton, which subsequently become very abundant. Krill can produce swa . ms 
that contain 30 000 individuals per cubic metre. They form a major amount of the biomass in the 
Southern Ocean. 

Krill are a group of about 80 different species of crustaceans. The main species in the Southern Ocea is 
Antarctic krill. Antarctic krill have a high reproductive capacity: the females can lay up to 10 000 eg s. 
Krill form a vital part of Antarctic food chains, being consumed by a variety of organisms, includin 
fish, birds, squid, whales, seals.and penguins. Krill are also a target species for commercial fisheries 
and over-harvesting of krill can lead to a decrease in the krill population. This allows the populatio 
phytoplankton to produce even larger phytoplankton blooms. These large blooms can produce toxi . 
harmful to other organisms in the ecosystem. 

Zooplankton besides krill include copepods, salps and larval fish. Like krill, copepods are crusta~ a that 
can produce very high populations. In the waters around King George Island they can form up toi 87% 
of the summer zooplankton biomass .. Copepods are an important food source for fish, which are . en 
eaten by seals, penguin and sea birds. 

Salps are planktonic sea squirts that can produce huge colonies and filter vast amounts of phytoplan: <ton 
(Figure 2.22). Salps are eaten by fish that are in turn consumed by squid and then Southern bluefin t 
Salp populations increase and krill populations decrease in years when ocean temperatures and cur nts 
cause the sea ice to retreat. 

Figure 2.22. A salp. 
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· The Southern Ocean contains extremely few fish. Most live in coastal benthic waters (for exa~ple 
Antarctic cod) and very few are found in open waters (for example lanternfish). ' 

Antarctic squid are one of the most important species in the Southern Ocean food web, with a total 
biomass of llO million tonnes. Squid are a major component of the diets of seals and killer whales. 
The main diet of Antarctic squid is not krill but lanternfish that have fed mainly on copepods. Squid 
populations can fluctuate dramatically, so are highly susceptible to over-fishing. 

I 

Benthic habitats provide rich habitats for an array of bottom-dwelling animals. These include filter fee rs 
(for example anemones, soft corals, sea squirts, molluscs and tube worms) and mobile scavengers and 1 

predators (for example sea urchins, starfish, giant sea spiders and ribbon worms) (Figure 2.23). 

Figure 2.23. Giant sea spider. 

Microorganisms 
Microorganisms (for example bacteria and viruses) form a crucial link in the Southern Ocean's food web. 
Coastal and continental shelf areas of Antarctica have rich benthic bacterial communities. Water tempera~ res 
of the continental shelf are generally low and stable. Oxygen (from photosynthesis) and organic matter (fr 1 

detritus) is produced in seasonal pulses by the biotic communities .in the surface water. Bacteria feed on · I 
dissolved organic matter and, as decomposers, theybreakdown detritus and remobilise inorganic nutrien: 
for the growth of phytoplankton. Bacteria are consumed by protoctists, who are in turn eaten by zoo plank' on. 

. . . I . 
Viral infection accounts for about 50% of the death of marine bacteria and may be one of the major source: of 
dissolved organic matter in the sea. Viruses are also capable of inhibiting phytoplankton growth by up .to ' % .. 

Questions 

1 a Under the ice shelf the main producer is algad rather than phytoplankton. Explain why ·algae 
photosynthesise under the ice far better than phytoplankton. 

b When snow covering the ice sheet blows away, there is .an increase in oxygen bubbles trapped u • der 
I 

the ice. ,Explain why this occurs. : 
• ,. •· I 

c Suggest why cracks in the sea ice may be important to the survival of penguins. 
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2 Using data from Figure 2.21: 

a Draw a food chain for krill that has a quaternary consumer. 

b Why can krill can be considered to be a keystone species for the Southern Ocean? 

3 Global warming is decreasing the amount of sea ice around Antarctica and leading to a change in, 
penguin populations. Some penguin species are increasing in population size while others are dec. ining. 

a Adelie penguins on Anvers island have lost 70% of their population or 10 000 breeding pairs in ' e 
past 30 years. To the nearest 1000, calculate the original number of Adelie penguins in this pop ' lation. 

b Gentoo penguins are increasing in numbers and are breeding on the Antarctic peninsula for: he 
first time in 800 years. Adelie penguins are dependent on krill whereas gentoo penguins hav a 
more flexible diet feeding on squid and fish. Describe how the differing niches of the two pe . uin 
species may affect their chances of surviving. · 

c Adult Emperor penguins need 3-4 weeks of solid sea ice in order to replace worn out feather 
(moult). Feathers help keep the birds insulated, waterproof and free from skin infections. D · 
a warm period in the 1970s, the population of Emperor penguins on the coast of Adelie land 
declined by 50%. Suggest a reason why. 

d In winters when it is colder, the survival rate of Emperor penguins increases but they lay few r 
eggs. Suggest a reason why. 

4 A reduction in sea ice as a result of global warming results in reduced numbers of phytoplankto .· 
Suggest reasons why this leads to a reduction in benthic organisms. · 





Lea·rning outcomes 
By the end of this chapter, you should be able to: 

explain how the energy in sunlight is captured during photosynthesis 

explain how the energy in dissolved minerals can be captured by chemosynthesis 

compare and contrast the processes of photosynthesis and chemosynthesis 

describe the relationship between photosynthesis and respiration 

calculate gross primary productivity and net primary productivity and explain the meaning of each 

of these terms 

describe different methods that can be used to measure productivity 

explain how high productivity influences the food chain 

calculate the energy losses along food chains and give the reasons for these losses 

calculate the efficiency of energy transfer between trophic levels 

give reasons for differences in the efficiency of energy transfer 

illustrate food chains by drawing pyramids of number, biomass or energy 

apply what you have learnt to new, unfamiliar contexts. 
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for life 

All life on Earth is dependent on the energy that can be fixed 

into carbohydrates by autotrophic organisms. An autotroph 

is able to make its own food by forming organic substances 

from simple inorganic molecules. In marine ecosystems, the 
autotrophs are either photosynthetic or chemosynthetic. 
Photosynthetic organisms capture the Sun's energy, whereas 

chemosynthetic organisms are able to use the energy in 
I 

chemicals that are dissolved in the water. 

Photosynthesis can only take place in the sunlit upper 

layer of the ocean. About 90% of all marine life is therefore 

found in this area. The ability of the chemosynthetic 

organisms to produce carbohydrates is an important 

adaptation to living in extreme conditions . The 

hydrothermal vents where they are found have no light so 

photosynthesis is not possible. Until the vent communities 

were discovered in the 1970s, it was thought that the only 
way in which energy would reach the lower parts of the 

ocean was when organisms died and fell to the bottom . 

Other organisms have to obtain their energy by feeding 

on the autotrophs. These are known as heterotrophic 
organisms or consumers. The primary productivity 
of an ecosystem rel ~tes to how much energy is fixed 

into carbohydrates (new organic matter). The most 

productive ecosystems per unit area are estuaries, 

swamps and marsh~s. However, the most productive 

ecosystems overall are the oceans, because they cover 

3.2 Productivity 
Primary product i vit~ is the rate of product ion of new 

biomass (living mat1rial) by autotrophic organisms 

through ei th er phot?synthesis or chemosynthesis 

(Figu re 3.1). It allows light or chem ica l energy to be fixed 

into useable organi9 molecules, and as such is the basis 

of all food cha ins ana:J food webs. In all ecosystems 

illuminated by the St n, the ma in way in which energy is 
fixed is through pho 1osynthesis. On land .the majority of 

photosynthesis is ca ried out by green plants, but in the 

oceans it is mai nly carried out by phytoplankton. Most 

of these tiny algae a ~e single-celled and simply float with 

the current in water. r s well as the phytoplankton there 

are also much la rger algae (macroa lgae), such as ke lp and 

rooted plants ca lled seagrass. These organ isms are al l 

photoautot ro phs: they make t heir own food using light 
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such a high proportion of the Earth's surface. Over a billion 

people rely on marine ecosystems for their food. Although 

we tend to think that increased productivity is always an 

advantage, this is not always true. Marine dead zones are 

areas where the productivity has reached such a peak that 

the ecosystem becomes unbalanced. Eventually oxygen 

levels are reduced and there is very little life. 

Autotroph (autotrophic): an organism that can capture 

the energy in light or chemicals and use it to produce 

carbohydrates from simple molecules such as carbon dioxide 

Photosynthesis (photosynthetic): the process of using 

light energy to synthesise glucose from carbon dioxide 

and water 

Chemosynthesis (chemosynthetic): the production of 

organic compounds by bacteria or other living organisms 

using the energy derived from reactions with inorganic 

chemicals 

Heterotroph (heterotrophic): an organism that cannot 

make its own food and instead relies on consuming 

other organisms; all animals, fungi and protozoans are 

heterotrophic, as well as most bacteria 

Primary productivity: the rate of production of new 

biomass through photosynthesis or chemosynthesis 

Carbohydrate: organic compounds occurring in living 

tissues that contain carbon, hydrogen and oxygen, for 

example starch, cellulose and sugars; carbohydrates can 

be broken down in the process of respiration to release 

energy 

energy. You w ill lea rn about the adaptations of each of 

these producers in Chapter 8. 

Photosynthesis 
Photosynt hesis is a process in which the inorgan ic 

compounds ca rbon dioxide and water are com bined to 

produce glucose. Glucose is a useable organ ic compound. 

Oxygen is produced as a byproduct. 

carbon dioxide+ water -+ glucose+ oxygen 

The energy to do this comes from sunlight and 

must be absorbed by pigments in the plants or algae. 

Phytoplankton: microscopic photosynthetic organisms that 

live in the upper, sunlit layers of water 

I 
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Figure 3.1. Important producers in marine ecosystems: (a) phytop lankton; (b) seagrass; (c) ke lp. 

The most common ) mentis chlorophyll, which is • nutrients 

found in organelles c~led chloroplasts (Figure 3.2). You • amount of light 
can read more about f he different pigments needed for 

photosynthesis in Chapter 8. 

Chlorophyll: a pigment found in plants and algae that is 

used to absorb sunlight for photosynthesis 

Figure 3.2. Single-celled alga with green ch loroplasts visib le. 

Factors affectin& j hotosynthesis 
The rate of photosyl hesis can be affected by several 

different factors. Th~~e include: 

• temperature 

• concentration of carbon dioxide. 

In a marine environment, the most important factors are 

likely to be the availability of nutrients and light. 

Temperature and carbon dioxide 

Clearly there is always an abundance of water, and the 

water contains dissolved carbon dioxide. Although 

temperature affects the rate of the reactions taking place 

during photosynthesis, the temperatu re of the ocean is 

much more stab le than air temperatu re on land . 

Nutrients 

Algae and plants both need nutrients in the fo rm of 
mineral ions in order to grow. A lack of a particula r nutrient 

therefore affects the rate of productivity of new biomass 

because it affects the rate of growth . Nutrient avai lability is 

discussed in more detail in Chapter4. 

Light 

The layer of the ocean that has enough light for 

photosynthesis is relatively thin compared with the total 

depth. Th is sunlit zone is ca lled the photic zone and all 

photosynthesis must take place here (Fi gu re 3.3). This 

means that the vast majority of the biomass in the open 

ocean is contained within t he upper 200m of water. 



Water both absorbs and scatters the sunlight. The amount 

of light reflected wil l depend on the state of the water. 

When there are wayes, more light is reflected because the 

waves act like lens~s and focus the light. When the light 

penetrates the surfr ce of the water it is refracted because 

light travels more slowly in water than in the air. Finally, 

solid particles with jn the water also scatter and absorb the 

light. The availabiliW of light within the water and methods 

to measure the ligh~ penetration are discussed further in 

Chapter 8. 

The absorption of sunlight by the water also increases 

the temperature of the water. When the temperature 

increases, the molecules of water have more kinetic energy 

and are moving more quickly so the water is less dense 

~~~~~~~~~:r~~~~sb~~~~~t~;tah: ~~~:ra~:~;~ea~:~na~~er 
the transition betw~. 1• en the two is called the thermocline. 
It can also be referrf d to as a pycnocline, which is simply 

related to the diffel nt densities of the layers rather than 
the temperature. T ere is little mixing between the two 

layers because a so rce of energy (such as wind) is needed 

to push the warm ater down. This is very important 

to the phytoplankt9n as it keeps them floating near the 

surface where they bave access to light. 

Thermocline: a boundary between two layers of water with 

different temperatures 

Pycnocline: a boundary between two layers of water with 

different densities 

Deep chlorophyll maximum: the maximum concentration 

of chlorophyll below the surface of a body of water 

photic zone 

thermocline 
(pycnocline) 

deep 
water 

200m 

1000 m 

~ 
f!l. 
~ 
Q_ 
(I) 

"8. 
~ 

abyssal plain 
5000 m 

Figure 3.3. Layers o? water in the ocean. 
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Without the thermocline, there would be much more mixing 

of the water and currents would carry the phytoplankton 

down and away from the light. This would reduce the 

rate of photosynthesis and therefore the productivity. 

However, the thermocline also prevents nutrient-rich water 

from mixing with the upper layers and therefore limits the 

productivity. Generally the deeper the water the higher the 

nutrient levels but the lower the light. There is normally 

a point near the thermocline where the productivity is 

highest as there is enough light for photosynthesis and 

enough nutrients for growth. This level is known as the 

deep chlorophyll maximum (DCM) because it is the area 

with the highest concentration of ch lorophyl l. 

The light varies with the seasons, particu larly at high 

latitudes. In spring the average length of the day and the 

intensity of light both increase. This is clea rly an advantage in 

terms of photosynthesis, and productivity is therefore higher 

in spring and summer than it is in winter. Often it is nutrient 

availability that limits the rate of photosynthesis in spring and 

summer, and light which limits it during autumn and winter. 

1 State the two ways in which new biomass is 

produced in the ocean. 

2 Explain why ocean productivity is limited to the 

first 200m in depth . 

Chemosynthesis 
There are some ecosystems, such as those found around 

hydrothermal vents, where light is not avai lable for 

productivity. Chemosynthesis is a process where carbon 

dioxide is turned into useable organic molecules using 

the energy stored in dissolved chemicals. The chemicals 

dissolve in heated water in the undersea crust as it makes 

its way back to the surface to emerge from the vents. 

Chemoautotrophs are species of bacteria that are able 

to make their own food using chemical energy. There are 

several species of chemosynthetic bacteria, including 

Beggiatoa and Thiothrix species. Each species uses 

different chemicals as their energy source and produces 

different sugars. One common pathway is: 

hydrogen sulfide+ oxygen+ carbon dioxide ---+sugar+ water 

+sulfur 

Chemosynthetic bacteria were first discovered in 

hydrothermal vents in the ocean floor in 1977. The vents are 

found at depths varying from around 2000 min the Galapagos 

I 
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Ridge to 7700 m in the r id-Atlantic Ridge. Clearly at these 
depths there is no light, there are no phytoplankton and 

therefore there can be ~ ~ o photosynthesis. Chemosynthesis is 

the only way in which li]e is possible in such an inhospitable 

environ ment. The spec~es able to survive here are all 

examples of extremophiles, which means that they are 

. able to su rvive very harf h cond it ions. At these vents there is 

extremely high p ressur~, as well as water temperatures that 
can vary from 2 oc to 400 oc. 

Chapter 2 discusses t~e symbiotic relationship between 

giant tu be worms (Riftlo species) and chemosynthetic 

bacteria (Figu re 3.4). Up to 75% of anima l species at 

hydrothermal vents d ~pend on mutua listic relationships 

with chemosynthetic ~acteria fo r at least some of their 

food . For example, m~sse l s at these vents have mutualist ic 

bacteria living in their
1
e:ills but also filter feed . 

II 

Extremophile: an organism that is adapted to survive 
extreme temperature, pressure, sal inity or pH 

Respiration: the process by which all living th ings release 
energy from their food by oxidising glucose 

Similarities and ~·fferences between 
photosynthesis a d chemosynthesis 
Both photosynthesis 

1 
nd chemosynthesis use carbon 

dioxide and requ ire a1 energy source to produce sugars. 

In photosynthesis, ox'>{gen is produced as a byproduct 

whereas in chemosyni hesis the byproducts va ry depending 

on the chemica ls that~are used, although sulfur is often 

produced. There is th ftrefore on ly one possible equation for 

photosynthesis compFred with several different equations 

fo r chemosynthesis. 1A both processes the sugars produced 

are used to provide metabolic energy th rough respiration, 
or built up into the other chemica ls needed by the organ ism. 

3 Explain why the organisms living at hydrothermal 

vents are called extremophiles . 

4 Copy and complete Table 3.1 to com pare 

photosynthesis and chemosynthesis in ocean 

ecosystems. 

I~ 

feature chemosynthesis photosynthesis 

energy 

source 
f--

: products 

type of 

organism 

main 

location 

in ocean 
-

Tab le 3.1. Photosynthesis and chemosynthesis. 

Respiration 
Respi ration is the process by which all liv ing things release 

the chemical energy sto red in organic molecules such as 

carbohydrates . Th is energy is then used to carry out all the 

different metabol ic reactions with in the organism . Aerobic 

respiration requires a supply of oxygen and glucose and 

produces carbon dioxide and water. 

glucose+ oxygen~ carbon dioxide + water 

As well as the useable energy the organ ism needs, 

resp iration produces heat energy, which is lost to the 

environment. 

The link between photosynthesis 
and respiration 
Primary product ivity is t he amount of new biomass 

made by t he producers, but not all of thi s is ava ilab le 

for the consumers to ea t. Some of t he ca rbohyd rate 

produced is not sto red but is oxid ised in respi rat ion 

to provide energy. Gross primary production (G PP) 

is the amount of energy t hat pr imary producers are 

able to fix in a given lengt h of t ime and with in a given 



area . Net primary production (NPP) is the amount 

left over to create r ew b iomass after resp iration (R) 

has been taken in ~o account. This can be shown by the 

following equati o 

NPP =G PP-R 

It is this net primary production that is available to pass on 

to the consumers. Secondary production is the amount 

of biomass produced by heterotrophs after eat ing the 

producers. Hence the more productive an ecosystem, 

the more energy is avai lable to pass along the food 

chain . In the marine environment, there is no large-scale 

accumu lation of bi ~mass as there is in savannahs and 

forests on land. Hor ever, the reproductive rate of the 

phytoplan kton is v1,ry high so there is a constant source of 

new organisms to photosynthesise. Carbon dioxide from 

PRACTICAL ACTIVITY 3.1 

Investigating the compensation point 

The compensatior· point is the light intensity at which 
respiration is equal to photosynthesis. Below this point 
producers use mo r·e carbohydrate in respiration than 
they can produce in photosynthesis so their biomass 
decreases. 

Hydrogencarbonate indicator is red in atmospheric 
conditions but turns yellow if the amount of carbon dioxide 
increases and purple if the amount decreases. 

Apparatus 

• Four boiling tubes with bungs 

• 150 cm3 hydrogencarbonate indicator 

• 20 cm 3 measuring cylinder 

Pondweed such as Cabomba (available from aquatic 
shops) or seaweed if available 

• Boiling tube rack 

• Square of aluminium foil15 em x 15 em 

• Square of muslin cloth 15 em x 15 em 

• Bench lamp 

• Elastic bands 

Method 

• Pour a small anount of indicator into each boiling 

tube, swirl it around and then pour away; do the same 

with the measuring cyli nder. 

• Carefully wrap one of the tubes in the foil and secure 

with an elastic band. 
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the atmosphere dissolves in the water and is then available 

for photosynthesis . When it is f ixed into glucose it is stored 

as phytoplankton biomass. Much of th is 'locked up' carbon 

dioxide sinks to the floor of the ocean when organisms d ie. 

This process is d iscussed in detail in Chapter 4. 

Gross primary production: the amount of light or chemical 
energy fixed by producers in a given length of time in a 
given area 

Net primary production: the amount of energy that is left 
over after respiration to be made into new plant biomass 

Secondary production: the rate of production of new biomass 
by consumers, using the energy gained by eating producers 

• Wrap a second tube in muslin cloth and secure with 

elastic bands. 

• Measure 20 cm3 of indicator into each boiling tube. 

• Place equally sized pieces of pondweed into each of 

the wrapped tubes and one of the unwrapped tubes. 

• Leave the fourth tube empty apart from the indicator. 

• Place bungs into each tube. 

• Leave the tubes in the boiling tube rack with a bench 

lamp shining on them for at least 1 h. 

• Copy out the results table and predict the colour of 

the indicator in each tube. 

• Remove the wrapping on the tubes and record the 

colour of the indicator in your results table. 

Risk assessment 

Hydrogencarbonate indicator should be freshly made by 

qualified staff using a fume cupboard . 

To make the stock solution 

• Dissolve 0.20 g of thymol blue and 0.1 g of cresol red 

in 20 cm 3 of ethanol. 

• Dissolve 0.85 g of sod ium hyd rogencarbonate in 

about 200 cm3 of freshly boiled distilled water. 

• Add the ethanol solution from the first step and dilute 

to 1000 cm3 with water. 

-+ 
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When it is ready to use: 

• Dilute the stock solution ten times with freshly boiled 

distilled water. 

• Bubble air through the diluted solution to equilibrate 

it with atmospheric carbon dioxide. 

Avoid exha li ng near the solution as it is very sensitive to 

changes in carbon dioxide concentration. 

tube I I predicted colour 
. I 

:r unwrapped w1th po
1 

dweed 

wrapped in muslin 0 ith pondweed 

wrapped in foil wit~~ pondweed 

unwrapped but em~ty 
'I 

Table 3.2. Results. 

Conclusions 

1 Why was it important to rinse all the equipment in the 
indicator before the experiment is started? 

2 What was the reason for the tube without any 
pondweed in it7 

3 Why did the tubes need to have bungs in7 

Measuring produ~tivity 
There are several way~ in wh ich primary productivity can 

be estimated: ~ 

• using the rate of photosynthesis of producers 

using the rate of inj rease in the biomass of producers 

• looking at the amor t of chlorophyll in an ecosystem. 

For example, the highr the rate of growth of producers, 

the higher the a moun " of chlorophyll present. Net primary 

production and gross primary production are usually 

given as units of ener~y per unit area per un it of t ime, 

for example kJ m-2 year1. However, the un1ts used vary 
. ~ 

dependmg on the mei hod of measurement chosen. 

Rate of photosynt+sis 
The rate of photosyntr esis can be found by looking 

at the change in eitheL the oxygen or carbon dioxide 

concentrations. If photosynthesis is taking place, there will 

Precautions should also be taken to avoid burns or 

dazzle from a hot bench lamp. 

Safety glasses should be worn in case of cold indicator 

splashing onto the hot light bulb and causing it to shatte r. 

Prediction and results 

Predicted and observed results 

I observed colour 

4 How well did your results match your predictions? Were 
there any results that surprised you7 

5 Explain the colour in each of your tubes. 

6 Suggest a way to extend the investigation to make 
it more precise or to investigate photosynthesis 
further. 

be a decrease in the concentration of carbon dioxide and 

an increase in the concentration of oxygen. 

Because the majority of marine producers are single-celled 

phytoplankton, they are easy to keep in a closed system 

such as a bottle. If a bottle is placed in the light, both 

photosynthesis and respiration wi ll take place. If a bottle is 

in the dark, there wi ll be no photosynthesis but resp iration 

will continue. If you assume that the rate of respiration 

remains relatively constant, you can compare the readings 

of bottles kept in the dark and light to wo rk out the rate 

of photosynthesis (Figure 3.5). The levels of oxygen in the 

water can be measured with a dissolved oxygen sensor. 

You need to take three rea dings: 

• the initial reading before the experiment begins 

• the reading in the light bottle at the end of the 

experiment 

• the read ing in the dark bottle at the end of the 

experiment. 



Chapter 3: Energetics of marine ecosystems 

I 

The results would be tabulated as shown in Table 3.3. 

start of experiment 

t:§? 
02~ 
~ 

0 2 

start of experiment 

,, 

end of experiment 
(light) 

photosynthesis 
and respi ration are 
occurring in this bottle 

only respiration is 
--· - occurring 

in this bottle 

Figure 3.5. The light- and dark-bottle method for measuring 

productivity. The LH bottles represent start of experiment 

and RH bottles repqesent end of experim ent. 

end of ex peri 

the dark 

16 

1 

Table 3.3. A sample set of resu lts from the light- and 

dark-bottle method. 

The amount of oxygbn in the light bottle increases because 

the rate of photosyn~hesis is higher than the rate of 

respiration. In the d1rk bottle, the only process taking place is 

respiration so the aT ount of oxygen in this bottle decreases. 

The net primary production is therefore the difference 

between the oxyger:1 in the bottle at the start and the 

oxygen in the light ~ottle at the end. The respiration is the 

difference between the oxygen at the start and the oxygen 

in the dark bottle aj the end . The gross primary producti on 
is the difference be ween the light and the dark bottles at 

the end of the expe iment. 

In this example: 

NPP = 16- 6 = 10 mt 0 2 dm-3 h-1 

Respiration= 6- 1 1 5 mg 0 2 dm-3 h-1 

GPP = 16- 1 =15m~ 0 2 dm-3 h-1 

This technique can be extended to investigate the effect of 

light on productivity. Samples are removed from different 

depths in the water and placed into pairs of light and 

dark bottles. The bottles are then suspended at the same 

depth the samples were removed from. The calculations 
are carried out as described to work out the net primary 

production, gross primary production and resp iration at 

each depth. 

The productivity generally increases as you move down 

towards the deep chlorophyll maximum, and then 

decreases as the amount of light begins to limit the rate of 
photosynthesis (Figure 3.6). At the point where the rates 

of respiration and photosynthesis are equal, there is no 

change in the amounts of carbon dioxide or oxygen and 

the net productivity is zero. The light intensity at this depth 

is known as the compensation point. Below this depth, 

there is still light available but producers are unable to 

survive because the rate of respiration wou ld be greater 

than the rate of photosynthesis. Th is part of the photic 

zone is sometimes called the disphotic zone. Around 90% 

of marine life is therefore found above the depth of the 

compensation point. This upper area, with sufficient light 

for photosynthesis is called the euphotic zone. 

E -­£ 

Compensation point: the light intensity at which the rate of 
photosynthesis and the rate of respiration are equal 
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Figure 3.6. Productivity at different depths as measured by 

the light- and dark-bottle method. 

Changes in biomass 
A second way to measure productivity is to look at the 

rate of accumulation of biomass. Th is can be achieved by 

harvesting producers after a set amount of time, drying 
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I 
them to remove variat ons in the water content, and then 

find ing the mass. If yo~ know the size of the area the 

producers came from,lyou can then work out the biomass 

per unit area per year ~o give an estimate of the net 

primary production . A~ the producers would have been 

respir ing whi le growin~ , you are unable to measure the 

gross primary produc~ion. There are difficulties with this 

method however, as y~u cannot measure the biomass that 

has already been cons
1

umed by heterotrophic organ isms. 

This may also be true ~or the light- and dark-bottle method 

if small heterotrophic organisms are not sieved out before 

the experiment begin s: . 

Satellite imagery 
The other main way in

1
1which sc ientists monitor the 

productivity of the oc~ans is by using satellite imagery to 

measure the co lour ofKthe surface layers of water. Th is can 

be used to follow the dhanges in chlorophyll concentration 

and therefore the amount of producers present (Figure 3.7). 

0.007 0.02 0.05 0.14 0.37 1.0 2.7 

Figure 3.7. Fa lse-colour pictu re showing annual mean 

amount of ch lorophyl \
1 

a in the oceans (NASA aqua modis). 

PRACTICAL ACTIVITY-

Measuring primary productivity of grass 

Primary productivity is the rate of production of new 
biomass. It is this biomass that is available to pass to the 
next trophic level through feeding. In this experiment, grass 
is grown with and without light and the biomass is found 
using two different methods. This allows you to estimate the 
net primary productvity of the grass plants. This experiment 
takes 3- 4 weeks. 

From Figure 3.7 you can see that the most productive 

areas are in the t ropics and at the higher latitudes, which 

are shown in green and orange. The least productive 

areas, shown in pink and blue, tend to be where there 

is a smaller supply of nutrients from the deeper waters, 

perhaps because of wind patterns . Of course, there are 

problems with th is method of measurement too because 

the re lationship between chlorophyll concentration and 

biomass is not fi xed . It depends on the individual species 

present and their adaptations. 

The satellites can indicate only relati vely shal low depths 

and certainly cannot penetrate th e entire euphotic 

zone where production is tak ing place. However, the 

satell ite images give a very usefu l summary of differences 

in productivity and enable scientists to monitor any 

changes. Recently, researchers at Sheffield University 

discovered that water from melting giant icebergs in 

the Southern Ocean contains nutrients that increase 

the growth of the local phytoplankton . These giant 

icebergs are more than 18 km in length . Scient ists 

stud ied the satellite images and found that the increased 

productivity caused by t hese icebergs lasts for at least 

a month after they pass through an area and extend for 

hundreds of kilometre s. 

SELF-ASSESSMENT QUESTIONS 

5 Explain the difference between gross primary 

production and net primary production. 

6 a If the GPP =53 kJ m-2 year-1 and the 
NPP = 31 kJ m-2 year-1 calcu late the amount 
of energy used in respiration . 

b Explain why organisms need to respire. 

Apparatus 

• P?tting compost 

• Grass seeds (for example rye grass), readily available from 
garden centres and online 

• two plastic germination trays (also avai lable from garden 
centres and online) 

• Aluminium foil 

• Balance 
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• Drying oven or blotting paper and plant press 

• Spoons or sma .I trowels 

• Light source 

Method 

• Label the trays 'light' and 'dark'. 

• Fill both germir·ation trays with the potting compost until 
three-quarters ' ull. 

• Scatter the grass seed on top of the soil so that there is 
approximately 5 mm between each seed. 

• Cover the seeds with a thin layer of compost. 

• Leave the trays in sunlight or under lamps. 

• Water regularly and grow for about 2 weeks until the 
seedlings are around 3 em tall. 

• Carefully remove all the plants from a 50 mm x 50 mm area. 

• Remove as mucl-] of the soil as possible and weigh the 
plants, recording the wet mass in a copy oft he results table. 

• Place the plants in a drying oven for 48 h at 95 oc. If no 
oven is available they can be dried for the same length of 
time using blotting paper and a plant press. 

• Weigh the plants and record the dry mass in your results 
table. 

• Ca refully cover the tray labelled dark with aluminium foil. 

• Leave both trays for another week, remembering to water 
regularly. 

• Carefully remove another 50 mm x 50 mm area of plants 
from each tray and record the wet masses in your table. 

• Dry each sample using the same method as before and 
record the dry r1asses in your table. 

• Complete the calculations and answer the questions. 

Risk analysis 

There are few risks associated with this experiment. Care 
should be taken with compost to avoid accidentally 
ingesting it. 

The influence of changes in productivity on 
the food chain 
The higher the pro9uctivity, the more biomass 

accumulated by th~producers and therefore the more 
biomass available f r the consumers to eat. This means 
that, in general, hig · er productivities lead to more 

abundant populations of consumers, or longer food 

cha ins. The most p ~oduct ive areas of the oceans tend 

to be those areas with high levels of nutrients from 

upwelling. In tropid l areas, there are high levels of light 

Chapter 3: Energetics of marine ecosystems 

Results and analysis 

light tray I dark tray 

initial wet mass / g n / a 

final wet mass / g 

initial dry mass / g n /a 

final dry mass / g 

Table 3.4. Results. 

Final mass in the light- initial mass= net primary 
productivity. 

Final mass in the dark - initial mass= respiration 
(will be negative as the plants lose mass). 

Gross primary productivity= net primary 
productivity+ respiration (use the figure, ignoring 
the - sign). 

Do these calculations for both the wet and dry masses. 

All the masses were taken from areas of 2500 mm2 so you 
can convert them tog m-2 by multiplying your answers 
by 400. The units of time depend on how long you leave 
the seedlings between the two measurements but it will 
probably beg m-2 week-1. 

Conclusions 

1 What is the difference in your calculations using wet and 
dry masses? 

2 What does the tray in the dark show you? 

3 Why did you need to harvest and weigh plants at the 
beginning of the experiment? 

4 Compare your results with the rest of your class. Which 
method gave you the most reliable results? Why do you 
think this is? 

5 What assumptions have you made during this practical? 

but it is also warm, wh ich leads to a strong thermocline 

and litt le mixing of nutrients from deeper waters. In 

contrast, polar waters are nutrient rich because it is very 
cold and there is therefore only a weak thermocline. 

However, productivity is only high in the summer when 

the light levels are higher. 

There does come a point when productivity can be too 

high. This leads to effects that are simi lar to the process 

of eutrophication seen in fresh -water ecosystems. If 

the levels of nutrients increase too much or too rapidly, 

I 
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phytoplankton may ra;pidly increase in a phenomenon 

known as an algal blo.om. 

In t hese ci rcumstance~ , up to 5 mill ion ce lls per li t re can 

be produced, which is very damaging to the ecosystem . 

This density of algae is so high that it can clog the gi lls of 

fish so that they are unable to obta in enough oxygen. Once 

the algal cells die theyllare broken down by decomposers 

such as bacteria so th f re is also an increase in bacterial 

populations. The bactf ria respire and grow and use up the 

oxygen in the water, J~ ich can lead to hypoxic con dit ions 

(lacking oxygen) . This f lso kills heterotrophic organ isms 

because w ithout oxygen they cannot resp ire. 

If the alga l species invf lved also produce toxins, t he 

effects can be even wcorse because t he organisms that ,, 
ingest t hem wi ll be pojsoned . Th is can cause mass 

mortality in aquatic o~ganisms such as dolphi ns, manatees 

and w hales, as well as food poisoning in people w ho eat 

contam inated s h ellfis~ . You can read more about th ese 

harmfu l algal blooms in Chapter 8. 

I 
The Peruvian anchoveta 
fishing industry 
Anchovies are sm~ll forage fish found in the open 
ocean away from ~he seabed or the shore. A forage 
fish is a fish that is used by other predators for 
food. Anchovies are mainly filter feeders : water 
is taken in through the mouth and zooplankton 

I, 
is filtered out by the gill rakers. Forage fish are an 
important part of'

1
the food chain. They provide 

food for : 

larger fish such as tuna and salmon 

mammals like dolphins and whales 
I 

• sea birds including gulls and pelicans. 

The Peruvian ancJoveta fishery is the biggest single 
species fishery in the world. Anchoveta are a species 
of anchovy that lil e for up to 3 years and can grow 
to be 20 em in length (Figure 3.8). 

~ 

i 

Figure 3.8. Peruvian anchoveta . 

Algal bloom: a rapid increase in a population of algae 

Hypoxic: an area of water with a low concentration of 
dissolved oxygen 

••• 

7 a Evaluate the use of different methods to measure 
ocean productivity. 

b Explain why giant icebergs increase productivity of 
the oceans. 

8 a Explain why it can be damaging for nutrient levels 
in water to increase too much. 

b Suggest why waters at high latitudes normal ly 
have higher productivity than tropical waters. 

In the 1960s, catches of anchoveta off the coast of Peru 
were more than 10 million tonnes year- 1

• In 1971, the 
catch was 13.1 million tonnes (Figure 3.9). In 1972, the 
industry collapsed because of over-fishing and the El 
Nino phenomenon. El Nino is a change in the trade 
winds in the Pacific Ocean. These winds normally 
stimulate upwelling of cold, nutrient-rich waters into 
the warmer sunlit water above. During an El Niiw year, 
the thermocline deepens, which effectively blocks the 
cooler water underneath from mixing with the warm 
water at the top. Lack of nutrients therefore limits the 
primary productivity in the sunlit zone, leading to 
reductions in the numbers of fish. 

After the collapse of the anchoveta populations, the 
industry shifted to fishing sardines for several years 
until the waters cooled again and anchoveta numbers 
increased (Figure 3.9). There was another reduction in 
numbers during an El Nino event in the early 1980s, but 
by the mid-1990s the catch was back up to 12.5 million 
tonnes. In 2014, only 2.2 million tonnes were caught 
after the second fishing season was cancelled because of 
the El Nino phenomenon. 

It is not just the fishing industry that is affected by El 
Nino. Guano (excrement from sea birds) is an important 
fertiliser. When there are fewer fish, there is less food for 
the sea birds, which are their predators, and therefore 
less guano is produced. 
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Quest ions 

1 Expla in how a reduction in the 

nutrients in the upper layers 

of the ocean could lead to a 
decrease in the numbers of 

forage fish such as anchoveta. 

2 Anchoveta feed on large 

zooplankton whereas sard ines 

feed mainly on phytoplankton. 

Use this information to suggest 
why sardine numbers are less 

likely to col lapse during an El 

Nino event. 

0 +- , I[; T , ..-- I I ... I I I I 0 3 Look at the graph in Figure 3.9 

and suggest two years other than 

1971 that could have had El Nino 
events. Explain your answer. 

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 
years 

Figure 3.9. Anchoveta and sardine catch es between 1950 and 2000. 

3.3 Energy 1ransfer 
Only a small amou f ofthe radiation from the Sun is 
fixed by the Earth's roducers. Some of the radiation 

never reaches the P' oducers because it is reflected 
back into space. Of he light that does reach the ocean, 

some is absorbed, reflected or scattered by the water. 

The remainder is available to the producers but even then 

it cannot al l be used . Some is the wrong wavelength for the 

pigments of producers to absorb. Chlorophyll, for example, 

absorbs red and blue light but reflects green light (which is 

why it appears to be green). Of the light that is the correct 
wavelength, some will miss the chloroplasts and still not 

be absorbed (Figure 3.10). 

incident solar energy 
100% energy transformed to 

heat in photosynthetic 
reactions 

reflected 50 50 lost 

water 

gross .. oxidation in producer 

pnmary -4111 mitochondria ~ 
production glucose 5 • 

3 .. 

net .:d 
productivity 

5 5 water 

transmitted respiratory heat 

Figure 3.10. The fate of light 

energy falling on producers 

in the ocean. 
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The process of photo1
1 
nthesis itself is not complete ly 

energy efficient. Durin the various chemical reactions 

that must take place, : nergy is lost as heat. Worldwide it 

has been estimated t~;at producers such as green plants 
and phytoplankton fix about 0.06% of the total energy 

rad iating from the Su ~1 • But this figure can be as high as 1% 
in aquatic ecosystem s/land 2-3% on land . 

Producers need some l[of the carbohydrates they produce 

for respi ration . This m~ans that only the net production of 

biomass is available td the next troph ic level. The energy 

stored in biomass is p~ssed to heterot rophic organisms 

when they ingest, dig1&t and absorb the nutrients from the 

producers . These nut1ents can then be assim ilated into 
new biomass. If the producers are phytop lankton, then the 

entire cell is usually in1ested by the primary consumers, 

passing on all the avai ~able energy. However, in the case of 

macroa lgae and rootei:J plants like seagrass, there are parts 

of the producer that a ~e not eaten (the roots, for example). 

The energy stored in these areas is therefore not avai lable 

to the next trophic leve l, although it may later re-enter the 

ecosystem through de{composition when the plant dies. 

Secondary product io is the prod uct ion of new biomass 

by the consumers. It c n involve ani ma ls eat ing the 

phytoplankton, macroalgae and seagrass, or an imals 

eating other anima ls. Decomposers such as bacter ia 

and fungi break down dead organ ic matter to obta in the 
nutrients they need. This also releases nutrients back into 

the ecosystem (see C~apte r 4). Secondary production 

depends on: 

• the biomass avai l a ~ le in the producers 

the amount of energy lost through respirat ion by the 

consumers 

• the amount of energy lost in waste product s such as 
urine (Figure 3.11). 

Most sa lt-water fish only lose small amounts of urine and 

excrete most of their nitrogenous waste through their gills 
in t he form of ammon ia. Undigested food is egested as 

faeces. 

These energy transfers can also be expressed as a formula: 
C=P+R+ F+U 

Where Cis the energy consumed, R is t he energy used in 

respira t ion, F is the energy in faeces, U is the energy in 

uri ne and ot her excreted waste product s of metabo lism, 

and Pis the energy left over for the product ion of new 

biomass by t he ani ma l. 

The energy of product ion (P) is then ava ilable to pass on to 

the next trophic level . 

The efficiency of energy transfer 
The effic iency of the energy t ransfer can be expressed as a 

percentage. This can be shown as: 

energy transferred to new t rophic level 
- ------------ X 100 

energy in previous trophic level 

For example, if t he energy rad iat ing from the Sun is 

1600 000 kJ m-2 year1 and phytop lankton captu res 
153 000 kJ m-2 year1 in photosynthesis, the effi ciency is: 

153 000 7 1 600 000 X 100 = 9.6% 

If 12 856 kJ m-2 year1 is then passed to the zooplankton 

that make up the next troph ic level, t he effic iency is: 

12 856 7 153 000 X 100 = 8.4% 

heat loss through respiration 

energy lost in waste 
products (faeces and 
excretory products) 

· II f · d f F1gure 3.11. Energy trans er mto an out o a consumer. 



Typically the efficie~cy of transfer between trophic levels is 
around 10%, but it varies depend ing on : 

• how much of the ~food is eaten 

• how easy it is for ~ he consumer to digest and assimilate 
the nutrients 

• how much energy is used for movement 

• how much is lost,in the waste products of metabol ism . 

Some organisms are easier to digest and assimilate than 

others: general ly, consumers find it easier to assimilate the 

energy in other animals than the energy in producers. If 
it is easier to assimilate the energy, then more of it w ill be 

passed to the next ~onsumer. In addition, some organisms 

at each trophic leve ~ escape being eaten and the energy 
stored in their biomass wi ll never pass to the next level. 

Most fish are ectothermic, which means that their body 

temperature va ries yvith the environmenta l temperature. 

The ocean sunfish, for example, is a secondary consumer 

that eats zooplankt~ n, tiny animals present in the water 

that feed on the ph~[toplankton. The ocean sunfish is 
ectothermic and does not use energy in respiration 

to keep its body te~ peratu re higher than that of the 

surrounding water. 

Tuna are endotherr~ic , wh ich means that they must 

expend energy mai i taining their body temperature. 
Tuna occupy two trophic levels in the same food web, as 

secondary consumers eating zooplankton, and as tertiary 
consumers eating s~all crustaceans that have already fed 

on the zooplankton . 

Chapter 3: Energetics of marine ecosystems 

Small sharks feed on both the sunfish and the tuna but 

the efficiency of energy transfer is higher from the sunfish . 

Assuming that the sunfish and tuna take in similar amounts 

of energy, the tuna use more of this in respiration to keep 

warm so there is less to pass to the sharks . In general, the 
efficiency of transfer from ectothermic organisms ranges 

from 5% to 15% and from endothermic organisms ranges 

from 1% to 5%. The efficiency of transfer between the 

different trophic levels determines how many levels there 

are in the ecosystem . The higher the efficiency of transfer, 

the more trophic levels the ecosystem can support. 

Ectothermic: an organism that maintains its body 

temperature by exchanging heat w ith its surroundings 

Endothermic: an organism that maintains its body 

temperature by generating heat in metabolic processes 

SELF -ASSESSMENT QUESTIONS 

9 The tota l solar energy falling on phytoplankton 

is 1 000 000 kJ m-2 year1 and the efficiency of 

transfer to the phytoplankton is 1%. 

a Calculate the GPP. 

b If 30% of the GPP is used in respiration, then what 
is the NPP? 

10 Describe the factors that determine how efficient 

the t ransfer of energy is. 

Interpreting energy diagrams and calcu lating percentage efficiency 

Energy diagrams are another way of showing the flow of energy through an ecosystem (Figure 3.12). 
They show the energy entering the ecosystem from the Sun, moving through producers and being 
lost as a result of respiration and excretion. The main point to remember is that all the energy has to 
go somewhere, so the values on the arrows going into a box must always equal the sum of the values 
on those coming ~ut. The units can be given as kJ m-2 year-1 or simply arbitrary units. Arbitrary 
units are relative units of measurement to allow comparison. For example, if there is twice as much 
energy in producers as in primary consumers the arbitrary units could be 5 and 10 or 50 and 100, it 
does not matter. 

~ 
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worJred:exam~ 

43 137 

y 

energy from 
sunlight 

1.6 X 106 

energy in 
producers 72 567 

6421 

energy in primary 
consumers 

598 

23009 

2389 

I. X I energy in secondary I 67 ~I 
consumers 

cre~pirati~n 1 I decomposers . ·1 

Figure 3.12. Worked example of an energy f low diagram (un its are kJ m-2year1
). 

1 How much ener1gy is being lost in respiration by the secondary consumers? 

Remember that the energy entering the secondary consumers must equal the energy leaving. 

From the diagr! m you can see that 598 kJ m-2 yeac1 enters the secondary consumers (the 'in arrow'); 67 kJ m-2 yeac1 

ends up being passed to the decomposers. On this diagram the only other arrow is the respiration arrow (labelled X). 
So the energy lost in respiration, X, must be equal to 598 - 67 = 531 kJ m-2 year-1

• 

You can check your answer by making sure the arrows add up. So in this case the 'in arrow' is 598. The 'out arrows' are 
531 and 67, which added together do add up to 598. 

2 What is the effit ency of energy transfer between the Sun (solar energy) and producers? 

To calculate th~ efficiency of energy transfer you always work out a percentage. This allows you to compare different 
ecosystems where the initial energy inputs might be different. The percentage is the energy that is transferred divided 
by the energy t~at was in the previous trophic level and then multiplied by 100. So in this case the energy transferred to 
the producers 1 as 72 567 kJ m-2 year-1 and the energy in the previous trophic level (the Sun) was 1.6 x 106 kJ m-2 year-1

• 

So the efficiencf of transfer is: 

(72 567 + 1.6 X ~06) X 100 = 4.53% 

You may also b~ given similar information in the form of a pyramid of energy. In this case, just use the figures in the 
pyramid in yoJ r percentage calculation. Always divide the figure in any particular tropic level by the figure for the 
previous level i r d then multiply by 100. For example: (energy in primary consumers I energy in producers) x 100. 

Questions 
I 

1 a Calculate ll~e amount of energy used in respiration (Y) by primary consumers. 

Calculate ~e efficiency of energy transfer between producers and primary consumers. b 
~ 
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2 The pyramid of energy in Figure 3.13 shows the energy in a marine food chain. It is not drawn to 
scale and the energy is given in arbitrary units. 

fish 86 

zooplankton 912 

phytoplankton 8000 

Figure 3.13. Pyramid of energy showing energy in arbitrary units. 

a Use the i1 formation in Figure 3.13 to calculate the efficiency of energy transfer between the 
phytopla~kton and the zooplankton. 

b Use the information in Figure 3.13 to calculate the efficiency of energy transfer between the 
zooplanklon and the fish. 

c The avera?e efficiency of transfer between producers and primary consumers is 10%. Suggest why 
the transfer in this pyramid between phytoplankton and zooplankton is more efficient than this. 

3.4 Illustrat ing feeding 
relationshibs 
You can show the r; lationships between the different 

trophic levels using pyramids of number, biomass and 

energy. These are lte bar charts but are made up of 
horizontal bars arra

1
,ged in a pyramid shape to show 

a particular food chain . They can be drawn to scale or 

simply sketched to ~ive an idea of the changes as energy 
is transferred along 'the food cha in. Producers are always 

at the bottom, followed by primary consumers, secondary 

consumers and tertlary consumers . Although energy 

is transferred to decomposers once the producers and 

consumers die, it is hot often shown on the pyramid. 

Pyramids of nwr ber 
A pyramid of numbers simply shows the number of 

organisms present ir each troph ic level at a particular 

moment in time. Th'e size of each horizontal bar is 

proportional to the r umber of organisms. In theory 

this shou ld be quite
1
1simple but in practice it is actually 

rather difficult. It is often hard to estimate accurately the 

nu mber of organisrrp present, and even once this has 

been achieved it can be difficult to show them to scale. For 

example, a typical o~eanic food chain is: 

phytoplankton~ zooplankton~ herring~ mackerel~ 

mahi mahi ~ shark i 

There cou ld be millions of cells of phytoplankton and 

only one or two sharks. Finding a scale to show this is 

impossible. For this reason many pyramids of numbers 

are sketched rather than drawn to scale (Figure 3.14). In 

addition, much of the phytoplankton is consumed very 

quickly after it is produced . Thus if the numbers present in 

an ecosystem are counted after most have been eaten, the 

pyramid will be inverted (upside down) and it will look as 

though there are fewer phytoplankton than zooplankton. 

The number of organisms in an ecosystem will also vary 

depending on factors such as the time of year or the 

amount of fishing. Th is means that the pyramid can only 

show the numbers in each trophic level at a particular 

moment in time. Using pyramids of number also does 

not take into account the size of organisms, which can 

lead to odd- looking pyramids. For example, if several 

small parasites feed on one large fish you will see an 

inverted pyramid . 

Pyramid of numbers: a diagram that shows the number of 
organisms in each trophic level of a food chain 

Pyramids of biomass 
Instead of finding the number of each organism you 

could measure their total biomass. This overcomes the 

difficulties of having organisms of different sizes, such as 

the parasites in the last example. It does not, however, 

solve the issues caused by phytoplankton being eaten 

before they can be measured. It is possible that the 

I 
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(a) 

secondary 
consumers 

primary consumers 

producers 

(b) 

~ 

parasites 

fish 

....... 

L zooplankton 

Figure 3.14. (a) A generalised pyramid of numbers; (b) A pyramid of numbers for a marine ecosystem showing sma ll parasites 

feeding off a large fi sh. 

biomass of organisms within an ecosystem cou ld increase 

or decrease after mear urements are taken which will make 

the pyramid inaccurai e. 

It is difficult to find the biomass of each trophic level 

accurately. Organisms vary in the amount of water they 

contain, and this wat~ r does not contribute to their 
biomass. For this readon dry mass should be used, with 

the water removed b). evaporation . Clearly to do this the 

organisms must be kitled, and it is therefore undesirable 

to measure the biom j ss of the entire food chain . Instead 
there are conversions1 ava ilable to change the mass of 

living material into dry mass. This sti ll means that every 

individua l must be fo ~ nd and weighed . Alternat ively, the 

dry mass of a sample l~an be taken and then mult iplied by 
the total number of o flganisms to give t he total average 

dry mass. Both of the~e methods will give an est imate of 

the total biomass bu~neither of them will be completely 

accurate. 

A pyramid of biomass may still be inverted as the total 

amount of biomass i ~f phytoplankton at any one t ime 

is small because they~are eaten very quickly. However, 

their reproductive rat~ is very high so they reproduce 

quickly enough to provide enough biomass to maintain 

the populat ion of co16Umers. In other words the amou nt 

of biomass is low but the rate of production of biomass 

(a) 

tertiary consumers 

secondary cJnsumers 

is high. This snapshot view of the biomass at a pa rticu lar 

moment in time is known as the standing crop (Figure 3.15). 

Pyramids of energy 
A pyramid of energy shows the ra te of production of 

biomass rather than the standing crop, and is therefore 

always pyramid shaped (Figure 3.16). It involves finding 

the energy in each trophic leve l of the food chain, 

which is a complex procedu re. Data is collected over a 

long period of ti me, norma lly a yea r. Often conversion 

tables are used that will convert dry biomass in to 

energy product ion . The units for pyramids of energy 

are kJ m-2 year1 so it will not be a standing crop but a 

measurement of the energy availab le over the entire year. 
Although pyram ids of energy are the most difficu lt to 

produce, they are probably the most useful in terms of 

understanding the ecosystem . 

Pyramid of biomass: a diagram that shows the biomass 

present in each trophic level of a food chain 

Pyramid of energy: a diagram that shows the amount of 

energy in each trophic level of a food chain 

(b) 

primary consumers I primary consumers (zooplankton) 

primary producers ( I primary producers (phytoplankton) 

Figure 3.15. (a) PyraJ id of biomass showing the decrease in biomass through the food chain; (b) Inverted pyramid of 

biomass showing the!l problems caused by the standing crop of rapid ly reproducing phytoplankton. 



tertiary consumers 0.1% 

secondary consumers 1% 

primary consumers 10% 

producers 1 00% 

Figure 3.16. A generalised pyramid of energy showing the 

approximate transfer between tropic levels . 

Energy enters marine ecosystems in two main ways: either 
through photosynthesis or chemosynthesis. 

Photosynthesis is carried out by producers such as 
phytoplankton, seaweeds and seagrasses. 

In photosynthesis, light energy is used to fix carbon dioxide 
into carbohydrates. 

Chemosynthesis is carried out by bacteria at hydrothermal 
vents, which are able to convert energy in chemicals 
dissolved in the water into carbohydrates. 

Productivity is the rate of production of new biomass by the 
autotrophs, which depends on various factors including the 
amount of light and the availability of nutrients. 

Productivity can be measured by measuring the rate of 
photosynthesis, looking at changes in biomass or by using 
satellite images that show the amount of chlorophyll in the 
oceans. 

Exam-style questions 

What are the drawbacks of using pyramids of 

number? 

12 Why is it best to use dry mass to produce 

pyramids of biomass? 

13 Describe what an inverted pyramid is and explain 

what might cause it. 

If productivity is too high this can cause an algal bloom, 
which reduces the amount of oxygen in the water and 
damages the ecosystem. 

Not all of the energy from the Sun is fixed by producers, 
some is reflected by the water, some is the wrong 
wavelength for chlorophyll to absorb, and some simply does 
not reach a producer. 

Some of the energy fixed into carbohydrates is used in 
respiration, or lost through excretion, the rest is available to 
be passed to the next trophic level. 

The efficiency of this transfer varies but is normally 
around 10%. 

You can show the transfer of energy by drawing pyramids of 
number, biomass or energy. 

Pyramids of energy are the most difficult to draw but give us 
the most information about the food chain. 

1 a Describe what is meant by the term productivity. 

ii Give three factors that can affect the productivity. 

[3] 

[3] 

[3] 

[4] 

iii Briefly describe a simple method to measure productivity. 

b Explain why productivity is increased during the spring and summer. 

II 
[Total mark: 13] 
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2 a Describe the process of photosynthesis. [4] 

b i Why does photosynthesis not occur at hydrothermal vents on the ocean floor? [2] 

ii Describe how energy enters the ecosystem found at the hydrothermal vents. [4] 

c The solar energy falling on the ocean is 17 x 106 kJ m-2 year-1 and the phytoplankton are 

able to use 18 754 kJ m-2 year-1 of this. 

Calculate the percentage of the Sun's energy that is used by phytoplankton . Show 

yourworking. [2] 

ii Explain why 100% of the energy is not used. [3] 

3 Study the graph below. 
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Figure 3.17. Chlorophyll concentrations on the Ca lifornia coast in 2001. 

[Total mark: 15] 

a Describe the shape of the graph. [3] 

b Explain why t he amount of ch lorophyl l increases in March. [5] 

c Suggest and explain what will happen to the population of zooplankton in March 

and Apri l. [2] 

d Within this ecosystem, herring feed on the zooplankton and mackerel feed on the 

herring. There are 809 phytoplankton, 37 zooplankton, 11 herring and 1 mackerel. 

Draw the pyramid of numbers for th is food chain. [3] 

4 Study the graph below. 
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Figure 3.18. The biomass of phytop lankton and zooplankton round 

the Norwegian coast over the course of a year. 

[Total mark: 13] 
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a Sketch a pyramid of biomass to show the phytoplankton and zooplankton 

in March. 

b Explain why there is norma lly more biomass in the producers than in the 

consumers. 

c Describe how the pyram id of biomass would be different in July. 

d Explain why the pyramid of biomass would be different in July. 

[2] 

[3] 

[2] 

[1] 

[Total mark: 8] 

5 Figure 3.19 shows a food chain from a marine ecosystem. The figures show the energy 

in each trophic level in winter in arbitrary units. 

L____.:::..::..:: _ ___J -.1 sa~~ine I -.1 tu2a I 
Figure 3.19. A food chain from a marine ecosystem showing the energy in each 

trophic level in arbitrary units. 

a Calculate the efficiency of the transfer of energy between the phytoplankton and the 

zooplankton. Show your working. [2] 

b Explain why there is less energy in the consumers than in the producers. [3] 

c 1 Suggest what would happen to the energy in each level during summer. [3] 

ii Suggest what might happen to the food chain if fertilisers from coastal 

farmland drain as run-off into the water. [3] 

[Total mark: 11] 

6 a i Explain the difference between gross primary product ion and net pri mary 

production . 

ii The gross primary production in an ecosystem is 78 935 kJ m-2 year1 and the 

energy lost in resp iration is 23 674 kJ m-2 year1 Calculate the net primary 

prod uction . 

b Explain why measurements of productivity in kJ m-2 year1 are a more 

accurate representation of what is happening in the ecosystem than measurements 

of biomass. 

[3] 

[2] 

[2] 

[Total mark: 7] 
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The Gulf o~[ Mexico dead zone 
The Gulf of Mexico is an ocean basin surrounded by 
the United States,~Mexico and Cuba (Figure 3.20). It 
is approximately ~ 500 km wide and is connected to 
both the Atlantic 'ocean and the Caribbean Sea. 

A dead zone is an area of water where oxygen levels 
have become verYJ!low (hypoxic). This means that there 
is insufficient oxygen for respiration, and organisms 
either die or mov~ to a different area where the 
dissolved oxygen levels are higher. Dead zones occur 
near coastlines wllere there are high levels of nutrients 
washing off agric! lturalland. The first dead zone was 
reported in the eJfly 20th century and since then the 
numbers have inc~eased every year (Figure 3.21). 

Formation of dead zones 
Dead zones form when excess nutrients such as 
phosphates and nitrates enter the water. These 
primarily come filom chemical fertilisers and waste 
such as sewage. D~ead zones can also form naturally 
if changes in winCl and currents alter the upwelling 
of nutrients from !: deep water. 

When the excess ?utrients enter the water, they 
massively increas~ the growth of algae, leading to an 
algal bloom. Phosr hates and nitrates tend to increase 
the growth of blue-green cyanobacteria, which 
are not eaten by ~any zooplankton. This means 
that their number;s can build up unchecked. When 
the organisms dii 1 they sink to the bottom, where 
they provide a food source for the bacteria, which 
break them dow~Fn the process of decomposition. 
The numbers ofb~cteria rapidly increase and their 
respiration uses Jf the majority of the oxygen 
dissolved in the '{ater. The water therefore becomes 
hypoxic and othet aquatic organisms die. 

The Gulf of ~exico 
The Gulf of Mexico dead zone is interesting for two 
reasons. First, it is the second largest dead zone in 
the world. Secontl, it is seasonal and its size fluctuates 
depending on th~ weather conditions each year. The 
Mississippi Rive~l drains into the Gulf and has the 
largest drainage basin of any river in North America. 

The levels of nutt
11

ients it washes into the Gulf are 
correspondingly~ arge. Twelve million people live in 
areas that borde I the Mississippi and that discharge 
treated sewage iJ to the water. The majority of the land 
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Figure 3.20. The Gulf of Mexico and surrounding countries. 

400 

(/) 350 
E 

"* 300 >. 
(/) 

~ 250 
(1) 
.0 

§ 200 
c 
(1) 

E 150 
ell 
"S 
§ 100 
<..> 

50 

o~--~~ .. ~--~--~ 
,.__<;:) a,() ~<;:) ~<;:) ~<;:) 9:P (\<:) ro() >':!<:) ) 

,~ ,~ ,~ ,.__QI ,.__QI ,.__QI ,~ ,.__QI ,.__QI !0<:) 
~ ~ 

year 

Figure 3.21. Number of dead zones by decade. 
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Figure 3.22. An average-sized dead zone in 2014. 
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near the Mississippi is farmland so rainwater constantly washes fertilisers into the water. About 1.7 million 
tonnes of nutrie~ts are released into the Gulf of Mexico from the Mississippi every year. In the spring and 
summer this causes algal blooms and the development of the dead zone. The size of the dead zone varies; 
on average it is Jround 13 000 km2 but it has been as large as 22 000 km2 (in the summer of2002). During 
times of heavy flooding the dead zone tends to be very large. In the late summer of 1998 the dead zone 
disappeared beo~use there was a severe drought and the amount of water entering the Gulf decreased 
significantly. FiJ ure 3.22 shows the size of the dead zone in an average year. 

The fresh water powing into the Gulf from the Mississippi is less dense than the seawater and so forms a 
layer on the top. This means that the deeper water, where the hypoxia occurs, is cut off from a resupply of 
oxygen from the atmosphere. The dead zone therefore persists until the water mixes again, either because 
of a hurricane or when cold fronts form in the autumn and winter. 

The effects ,of the dead zone 
The seafood indlltstry in the Gulf of Mexico is very important. The Gulf provides the United States with the 
majority of its farmed oysters and shrimp, as well as being a source for several types of fish. The National 
Oceanic and Aty10spheric Administration (NOAA) has estimated that the dead zone costs the tourism and 
fishing industries $82 million year-1

• When fish move out of the dead zone because of the lack of oxygen, 
fishers have to travel further to catch them. This costs both time and money. Shrimp are often unable to 
escape the dead ~one and instead are simply killed, reducing the population and making them harder to 
catch in the future. 

Reducing the size of the dead zone 
The main way to reduce the size of any dead zone is to reduce the level of nutrients entering the water. In 
1997 the Gulf of Mexico Watershed Nutrient Task Force was formed with the aim of reducing the average 
size of the dead zone to 5000 km2• Strategies that can be used include reducing the use of inorganic 
fertilisers on farms, as well as altering the timing of their use to avoid leaching by rainwater. Management 
of flood plains is! important because an increased area of flood plains means that less floodwater makes 
its way into the <;)ulf and nutrient-rich sediment is captured. Farmers are being encouraged not to drain 
wetlands but to leave them in their natural state to improve soil quality and reduce erosion. Waste 
treatment proceJses are being improved to reduce the discharge of nutrients into the water and to avoid 
animal waste entering waterways at all. 

Questions 

1 Describe hol a dead zone forms. 

2 Suggest why he number of dead zones has increased since they were first discovered. 

3 Explain why ~he Gulf of Mexico dead zone varies in size each year. 

4 Explain why ~he Gulf of Mexico dead zone is seasonal. 

5 Summarise the control measures being taken to reduce the size of the Gulf of Mexico dead zone and 
explain how t ach measure works. 
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Learning outcomes 
By the end of this chapter, you should be able to: 

describe the genera l processes t hat take place within a nutrient cycle 

explain what is meant by a reservoir within a nutrient cycle 

describe and explain the processes that add nutrients to the surface water of the ocean 

describe the processes that remove nutrients from the surface water of the ocean 

summarise the ni t rogen, carbon, magnesium, ca lcium and phosphorus cycles as a simple diagram 

state the uses of each of the above nutrients in living organisms 

plot and interpret accurate graphs of experimental resu lts 

apply what you have learnt to new, unfami liar contexts . 
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Nutrient cycles are some of the most important 

processes that occur in any ecosystem. They show the 

movement of nutrients that are essential for life, such 

as nitrogen, carbon and phosphorus. These nutrients 

are used by living organisms and are moved through the 

food chain by feeding. When organisms die the nutrients 

are recycled by decomposers and return to inorganic 
forms. The inorganic forms remain in the environment, 

sometimes for millions of years, before being converted 

back into organic forms to be used once again, thus 

continuing the cycle. 

The ocean is an important reservoir for these elements, 

which means that they may be held there for long 

periods of time. Microorganisms are able to fix inorganic 

substances into organic molecules, which enables them 

to be used by other organisms. In this way the nutrients 
are moved from the abiotic part of the cycle to the 

biotic. The nutrients may then be removed temporarily 

from the cycle if they sink to the ocean floor as faeces, or 

after the organism has died. Some wi ll be incorporated 

into coral reefs and others will be removed from the 

ocean altogether by harvesting. Inorganic molecules are 

returned to the ocean by various processes, including 

dissolving directly into the water, run-off from the land 

and upwelling. 

Chapter 3 discussed the effect of nutrient concentration 

in the ocean. Up to a certa in point, the more nutrients 

present, the more productive the environment. When there 

4.2 Nutrient cycles 
Nutrient cycles are the essent ial movement and recycling 

of the elements that are necessary for organisms to live 

and grow. Globa lly, the ca rbon and nitrogen cyc les are 

probab ly the best known and most clea rly understood, 

but there are many other elements that are important. 

These include phosphorus, calc ium and magnesium. In 

this chapter you look at why each of these is necessary for 

life, as we ll as the mechan isms that add them or remove 

them from the oceans. 

All nutrient cycles have a biot ic and an abiotic phase 

(Figure 4.1). A nutrient moves from the abiotic to the biotic 

phase when it is absorbed and assimilated by producers. 

Chapter 4: Nutrient cycles in rriarine ecosystems 

are too many nutrients the productivi ty can increase 

too fast and the ecosystem is damaged. Recently, it has 

been suggested that artificially altering the nutrient 

balance in the oceans could increase productivity 

and therefore increase the amount of carbon dioxide 

used in photosynthesis. This has been proposed as a 

solution to the increasing levels of ca rbon dioxide in the 

atmosphere. However, this solution may have unintended 

consequences, such as decreasing the pH of the water and 

damaging animals with shells. It could also lead to harmful 

algal blooms as discussed in Chapters 3 and 8. 

Nutrient cycles: the movement and exchange of elements 

that are essential to life, from inorganic molecules, through 

fixation and then into living organisms, before being 
decomposed back into inorganic molecules 

Nutrient: a chemical that provides wh3t is needed for 

organisms to live and grow 

Decomposers: bacteria and fungi that break down dead 

organic matter and release the nutrients back into the 

environment 

Reservoir: part of the abiotic phase of the nutrient cycle 

where nutrients can remain for long periods of time 

Abiotic: the environment's geological, physical and chemical 
features, the non-living part of an ecosystem 

Biotic: the living parts of an ecosystem, which includes the 

organisms and their effects on each other 

Run-off: the flow of water from land c2used by precipitation 

Upwelling: the movement of cold, nut rient-rich water from 
deep in the ocean to the surface 

For example carbon dioxide (an inorgan ic molecu le 

and therefore part of the abiotic cycle) is fixed du ring 

photosynthesis into glucose. This ca later be converted 

into the other molecu les needed by he producer, for 

example starch. It has been assimi la ed and is now part 

of the biotic cycle. During the biotic phase nutrients are 
moved from one organism to the next by feeding. So 

nutrients move along the food chai r from the producers 

to the consumers. Some will be lost from each organism 

Assimilation: the conversion of a nut'ient into a useable 

form that can be incorporated into thE tissues of an organism 

I 
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Figure 4.1. A generalised nutrient cycle showing the movement from the biotic to the abiotic phases. 

by egestion and excretion and the rest wi ll remain within 

organic compounds until the organism dies. After death, 
organisms must be br?ken down by decomposers, which 
results in nutrients returning to their inorganic form and 

therefore the abiotic pbrt ofthe cycle. During this part of 

the cyc le nutrients can be found dissolved in water, as 

gases in the atmosphJre, or forming sediment that can 

later become rocks. 

Reservoirs in nut1ent cycles 
A reservoir is part of t1,e abiotic phase of the nutrient cycle 
where elements can remain for long periods of t ime. The 

ocean is an important reservoir for many elements. The 

residence time is the average time a particle spends in 

a system. Average resi~ence times for nutrient ions in the 

ocean tend to be very ~ong because some of them fall to 
the bottom in faeces or dead organisms. They can rema in 

in sediment on the ocTan floor for thousands or even 
mill ions of yea rs (Table 4.1) 

The time the same nu~ rients spend in just the surface 

layer of the ocean is much shorter because the nutrients 
are constantly being ysed and recycled by the organisms 

Residence time: the average time that a particle spends in a 
particular system 

nutrient J average residence time I years 

phosphate 20 000-100 000 

(phosphorus)* 

magnesium 17 000 000 

hyd rogenca rbonate** 100 000 

(carbon)* 

nitrogen 2 000 

calcium 1000 000 

*Where the nutrient is found as an ion, the element is given in 
parentheses 

**Sometimes called bicarbonate 

Table 4.1. Approximate residence times for different 

nutrients in the ocean. 

living there. This surface reservoir is of particular 
importance because it enables the high productivity 

of phytoplankton. Nutrient availability is often the 
main limiting factor after light intensity for growth of 

producers. 

Phytoplankton are found in the su rface layer of the 

ocean where there is plenty of light. It is therefore the 

concentration of nutrients that determines the rate of 

growth. The higher the rate of growth of phytoplankton, 
the higher the rate of photosynthesis and therefore 

the higher the productivity. The productivity of the 



phytoplankton determines how much energy can be 

transferred to the next trophic level (see Chapter 3). In 

general, the amounts of nitrogen and phosphorus limit 

the rate of growth because they are found in the lowest 

concentrations in the water. This means that there is 

usually slightly less than is needed by the producers. If 

the concentrations increase, the productivity increases. 
The average concentrations of ions dissolved in the water 

at the ocean surface are shown in Table 4.2. 

ion I average concentration in 
seawater I ppm 

chloride 19 345.00 

sodium 10 752.00 

su lfate 2701.00 

magnesium 1295.00 

calcium 416.00 

hydrogencarbonate 145.00 

nitrate 0.50 

phosphate 0.07 

Table 4.2. Average concentrations of some of the ions found 

dissolved in seawater. 

ASSESSMENT QUESTIONS 

1 a Describe what is meant by the words biotic and 
abiotic with .reference to nutrient cycles. 

b Explain how nutrients move from the abiotic to 
the biotic part of a nutrient cycle. 

2 a Describe how nutrients move with in the biotic 
part of the cycle. 

b Name two places where you would find nutrient 
ions within the abiotic part of a nutrient cycle. 

4.3 Processes that add nutrients 
to the surface water 
There are three main processes that add nutrients to the 

reservo ir within the surface water. These are: 

• dissolving in the water from the atmosphere 

• upwelling 

• run-off. 

Chapter 4: Nutrient cycles in inarine ecosystems 

The relative importance of these processes depends on 
each nutrient. For nutrients present in high concentrations 

in the atmosphere, dissolving will add more to the 

reservoir than run-off, for example. 

Dissolving of atmospheric gases 
Nitrogen and carbon are both preser1t in the Earth 's 

atmosphere and are therefore both ble to dissolve 
directly into the water. Nitrogen is present in the form of 

nitrogen gas, N2, and carbon as carbon dioxide gas, C02. 

The amount of gas that can dissolve in the water depends 

on several factors. These include the: 

• temperature of the water 

• atmospheric concentration of each gas 

• amount of mixing of water at the surface. 

In some areas there will be more gas dissolving in the 

water than there is diffusing back in o the atmosphere. 
These areas are known as sinks. 

In other areas it will the other way around, and more 

gas will diffuse into the atmosphere than is dissolving 
into the water. These areas are callem sources. General ly 

the overall concentration tends to r~main at an 
equil ibrium, with the same amount dissolving into the 

ocean as is removed by diffusion ba[ k into the atmosphere 
(Figure 4.2). 

Sink: an area where there is a net loss of material (for 

example where more gas dissolves into the ocean than 

diffuses into the atmosphere) 

Source: an area where there is a net gain of material (for 

example where more gas d iffuses into the atmosphere than 

dissolves in the ocean) 

Upwelling 
Upwelling involves cold water from he deep ocean being 
brought to the surface. These deep waters have higher 
concentrations of nutrients than those at t he surface 

because of the tendency for the remains of living things 
to sink. So faecal matter and dead organ isms sink from 
the surface laye rs to the deeper parts of the ocean. Here 

they may be broken down by decomposers and the 

nutrient ions returned to the water. During upwell ing this 
nutrient-rich water rises to the surface where it effective ly 
ferti lises the surface layers and increases productiv ity. 

Areas with high levels of coastal upwell ing tend to be the 

I 
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Figure 4.2. Movement ~f lu x) of carbon dioxide into and out of the ocean over the course of a year. Purple and blue areas 

are carbon sinks; yellof and red areas are carbon sources; green areas are at an equilibrium, with the same amount of 

carbon dioxide dissolving as being released. 

most productive and ~ave high catches of commercially 

important fish . lt has IJeen estimated that 25% of fish are 

caught from just 5% of the ocean where there are high 
levels of upwelling. 

Coasta l upwelling is ~ aused when win ds blow 

paralle l to the shore ~ Figure 4.3) . This displaces the 

warm surface water, w hich moves further offshore 

and has to be replac~d by water from deeper in the 
ocean . Other mecha ~ isms of upwelling are discussed 

in Chapter 7. If the wind is moving in the opposite 
direction and drives ~ he water towards the coastline, 

it is also possible for downwelling to occur. This of 

course removes nutr!ents from the surface layers of 

the ocean. 

Run-off 
Run-off is part of the J ater cycle in which water flows into 

II 
streams and rivers and from there to the ocean. During the 

water cycle, water evaporates from rivers, lakes, oceans 

and streams. It condenses into clouds in the atmosphere 

surface winds ----+ ----+ ----+ 
push surface water away from an area 

, ( warmer surface water 
moves offshore 

upwelling 

~ deeper, colder, 
nutrient-rich water 
rises up from beneath the 

'-. surface to replace the water 
~ that was pushed away 

Figure 4.3. Coastal upwelling caused by surface winds. 

and from there falls on the land as precipitation 

(Figure 4.4). Some of the precipitation enters the soil in 

a process called infiltration. The rate of infiltration is 

affected by the characteristics of the soil. Sandy soil, which 



Figure 4.4. Summary of the water cycle. 

is formed from large pa rt icles with re lat ive ly large gaps 

between them, has a high infiltration rate, compared with 

clay so il, which has a low infilt ra t ion rate. The higher the 

infi lt ration rate, t he lower the rate of su rface run -off. In 

other words, the more impermeable the ground, the more 

surface run-off t here is. 

As the water flows towards the sea it leaches nutrients 

from the soil. This means that water-soluble nutrient 

ions disso lve in the water. Run-off can also co llect 

other substances as it flows, such as oil, heavy meta ls, 

pesticides and sewage. These al l end up in the ocean. 

Excess nutrients in run-off can lead to ma rine dead zones 

(Chapter 3) and harmful alga l blooms (Chapter 3, and 

discussed in more detail in Chapter 8). 

Infiltration: part of the water cycle where water soaks into 

the soil from ground level and moves underground 

Leaching: a process during which water-soluble nutrients 

are removed from the soil and dissolve in water that is 

flowing to the sea (run-off) 

Chapter 4: Nutrient cycles in arine ecosystems 

E1vaporation from 
oceans, lakes 
and streams 

3 What effect do you think upwell ing would have on a 

food web? 

4 Explain why nitrogen and carbon dioxide dissolve 

in the water from the atmosphere, but not 

phosphate. 

4.4 Processes that re ove 
nutrients from the s rface layer 
The main way in which nutrients are emoved from 

the surface layer is through uptake and assimilation by 

producers. They fix the inorganic ions into useable organ ic 

compou nds that are fed on by consumers. In this way the 

nutrients are able to move through t~ e food chain. For 

example, phytoplankton take up nitrate ions and use them 

to produce amino acids. These are then bu ilt up into proteins 

that form part of t he phytoplankton structure. Zooplankton 

eat the phytoplankton and digest these proteins, using 

the amino acids released in digestion to produce the ir 

I 
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own proteins. Small fish then eat the zooplankton and the 

process continues. Onoe the nutrients have entered the food 

chain there are differen~ paths they can take. Some sink to 

the floor as marine sn.f w, some are incorporated into coral 
reefs, and some are removed by harvesting. 

Marine snow: particles of organic material that fall from 

surface waters to the deeper ocean 

Marine snow 
Marine snow is the na ;re given to the particles of organic 

matter that fall from t1e surface of the ocean to the deeper 

water. It is made up offaeces from the organisms living in 

the su rface layers, as wel l as dead an imals, phytoplankton 

and zoop lankton. It is ¢ailed marine snow because that is 

what it looks like, smal l white particles floating in the water 

(F igure 4.5). 

This continuous fall of organic matter provides food for 

many organisms that l ~ve deeper in the ocean. Some of it 

is fed on by zoop lankton and fish as it falls, some is eaten 

by filter feeders much ~ eeper down . Much of it is not eaten 

at all and forms part of the sediment at the bottom of the 

ocean. Some of the nuv ients in the sediment are re leased 

into the water by proc) sses such as erosion and dissolving, 

others remain in the sediment for many years . 

5 Describe the process that removes nutrients from 

the water and al lows them to enter the food chain . 

6 Describe what fo rms marine snow and explain 

where the majority of it ends up. 

Incorporation into coral reefs 
Coral polyps secrete a hard shell made from calcium 

carbonate to protect themselves and the zooxanthellae 

that live within them. Figure 4.6 shows some of the 
structures produced by coral. Coral eat tiny zooplankton 

and digest them to gain the nutrients they need. The 

zooplankton have previously gained their nutrients from 

phytoplankton. Any type of nutrient can be incorporated 

into the living parts of the reef and the other organisms 

that live there. But the hard shel ls last even after the living 

part has died . Coral reefs are very large and can last for 
a very long time, so the nutrients contained in them are 

removed from the cycling process for a long time. Most 

established coral reefs are between 5000 and 10 000 years 

old . Reef formation is discussed in Chapter 5. 

Figure 4.6. Stru ctures produ ced by coral polyps. 

Harvesting 
Harvesting refers to the removal of marine species 

by humans. In 2016, it was estimated that the global 

fish catch in 2010 had been 109 million metric tonnes. 

This is 30% higher than had been previously thought. 

Other species are also harvested, including crustaceans 

such as crabs and lobsters, molluscs such as mussels 

and squid, and macro -algae such as seaweeds. All the 

nutrients present in these species are removed when 

they are harvested from the ocean. However, many of 

the nutrients eventually fi nd their way back to the ocean 

through the normal cycl ing of nutrients. For example, 

fish may be eaten and digested by humans and some 

of the nitrogen-containing compounds are then lost in 

urine, which ends up in sewage. In many areas, sewage is 

released into rivers and oceans after only being partially 



treated. In some areas, raw sewage is released. In this 

way, the nitrogen-containing compounds present in the 

original fish return to the ocean. 

SELF.-ASSESSMENT QUESTIONS 

7 What are the two important nutrients used by 

corals to produce their hard shells? 

8 Explain why harvesting is important in marine 

nutrient cycles and explain whether you think it is 

beneficial or harmful. 

4.5 Examples of marine 
nutrient cycles 
The processes discussed so far that take place in marine 

nutrient cycles can all be summarised in the same diagram 

(Figure 4.7). 

Nutrients enter the reservoir of dissolved nutrients in the 

surface layer by dissolving, run-off and upwelling, and are 
removed by uptake by producers. Once in the food chain 
nutrients can sink, become incorporated into coral reefs 
or be harvested. Each nutrient is needed for a different 

purpose within organisms, and each nutrient cycle is 

sl ightly different. 

atmosphere and land 

dissolving and 
run-off 

reservoir of dissolved 
nutrients in the surface 

layer of the sea 

upwelling 

Figure 4.7. A summary of marine nutrient cycles. 
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Dissociation (dissociates): a reversib le chemical change 

where the molecules of a single compound separate into two 

or more other substances 

The carbon cycle 
Carbon is needed by living things because it is the basis of 

all organic materia ls. Carbohydrates such as glucose and 

starch; lipids; proteins; and nucleic acids such as DNA are 

all based on chains of carbon molec les. Carbon enters 

the biotic phase of the cycle throug~ the fixation of carbon 
dioxide in photosynthesis. Carbon d oxide is then released 

through respiration by all living things. 

The main way carbon enters the oc an is by dissolving 

of carbon dioxide gas from the atmosphere. Carbon 

dioxide dissolves in water to form c rbonic acid (H 2COJ 

Th is then dissociates into hydroge carbonate ions 
(HC03-) and hydrogen ions (W) in a reversible reaction. 

Hydrogencarbonate dissociates furt er into carbonate 

ions (C03
2-) and hydrogen ions (W). So in solution there 

is a dynamic equ il ibrium between c rbon dioxide, 
hydrogencarbonate and carbonic a id. In seawater 

89% of the dissolved inorganic carbon is found as 

hydrogencarbonate, 10% is carbonate and 1% is dissolved 

carbon dioxide. 

uptake 

seabed 

food Ghains 

sinking and 
incorporation 
into reefs 
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The reactions in this equilibrium are: 

carbon dioxide+ water;:: carbonic acid 

C02 + H20 ;:: H2C03 

carbonic acid ;:: hydrogencarbonate ion+ hydrogen ion 
H2C03 ;:: HC03- + W 

hydrogencarbonate ion;:: carbonate ion+ hydrogen ion 
HC03- ;:: CO/ - + W 

The algae and photosyr thetic bacteria that make up 
the phytoplankton are bble to take in dissolved forms of 

carbon dioxide and use it in photosynthesis. It is fixed into 

glucose, which can ther be used to form other compounds 

needed by the phytoplr nkton. When the phytoplankton 

are eaten by zoop lankton, the carbon-containing 

compounds are broken down du ring digestion . The 

zooplankton then assimilate them into their own biomass. 

This process is repeatep when the zooplankton are eaten 

by other consumers. 

At each stage, the organisms are respiring so they release 

carbon dioxide back into the water. From here it can 
diffuse back into the atJmosphere. When the organisms 

die, some of the organic matter is broken down by 

decomposing bacteria and returns to the water as 

dissolved inorganic carbon . Some of the organic matter 

falls to the ocean floor~ s marine snow, where it may 

remain for long periodJ of t ime (Figure 4.8). 

carbon dioxide in 
the atmosphere -

burning fossi l 
fuels 

The flux of carbon between the ocean and the atmosphere 

is around 90 gigatons year1 In other words, the same 
amount of carbon dioxide dissolves into the ocean as 

diffuses back into the atmosphere. However, there are also 

approximately 2 gigatons of carbon each year added to 

the ocean through human activities such as burn ing fossil 
fuels. This makes the oceans a very important carbon sink 

in terms of reducing atmospheric carbon dioxide. But the 

risk is that the ocean will become more acidic because of 

the extra carbonic acid formed. It has been estimated that 

since the 18th century, the pH of the ocean has decreased 

by 30%. This can have negative effects on the ecosystem. 
For example, a low pH triggers chemical reactions that 

decrease the concentration of carbonate ions; this 

makes it more difficult for corals to produce their calcium 

carbonate skeleton . This can also affect other species 

with ca lcified shells, including oysters and clams. If the 

water becomes even more acidic, it can dissolve the coral 

skeletons and the shells of other organisms, making them 

weaker and more vu lnerab le to damage. 

Some scientists have suggested that artificially fertilising 

the ocean with iron would increase the productivity of the 
phytop lankton and mean that more carbon dioxide could 

be absorbed. This has been put forward as a possible 

way to reduce the amount of carbon dioxide in the 

atmosphere. The theory is that, since iron is often a limiting 

factor for phytoplankton growth, adding more w ill cause 

increased growth rates and thus increased use of carbon 

human activities 

diffusion of t ~ - disso l vi ng 
carbon dioxide + 

uptake -reservoir of dissolved 
hydrogencarbonate ions, 

carbonate ions and 
carbon dioxide 

marine organisms - respiration 

then upwel ling 

carbon compounds in 
seabed and calcium 
carbonate in coral 

Figure 4.8. Summary ofthe main processes in t he marine carbon cycle. 

death , decay 
and sinking; 
incorporation 
into reefs 



dioxide. This process is known as ocean seeding or iron 

fertilisat ion . Trials have shown that ocean seeding does 

increase the growth of phytoplankton but there are risks 

to this procedure. If the productivity increases too much, 

a harmful algal bloom cou ld take place. The long-term 

PRACTICAL ACTIVITY 4.1 

Simple investigations into the exchange of carbon 

dioxide between the atmosphere and the ocean 

Introduction 
High concentrations of carbon dioxide dissolve into 
seawater from the atmosphere. When carbon dioxide 
dissolves in water it forms carbonic acid. As levels of carbon 
dioxide in the atmosphere increase, more is dissolving in the 
ocean, which decreases the pH . Th is can cause problems for 
marine organisms with hard shells, as the shells can start to 
dissolve. In these simple investigations you will use an egg 
to represent a marine organism with a shell. As with marine 
organisms, eggs have shells made from calcium carbonate. 
You will also add carbon dioxide to samples of water and 
record how long it takes the water to become acidic. 

Apparatus 

• Raw chicken eggs 

• Acetic acid or white vinegar 

• 3 x 250 cm3 beakers 

• 100 cm3 beaker 

• Goggles 

• Universal indicator solution 

• Seawater (if real seawater is unavailable, a substitute 
can be made by dissolving approximately 30 g of sodium 

chloride in 1 dm3 of water) 

• Tap water (fresh water) 

• Drinking straws 

• Stopwatch 

• Marker pen for labelling beakers or sticky labels 

Method 
• Examine a raw egg and record your observations in a 

copy of Table 4.3. 

• Carefully place a raw egg into a 250 cm3 beaker and cover 

with the acetic acid or white vinegar. 

• Fill the 100 cm3 beaker with water and place it on top of 

the egg to keep it submerged. 

• Leave for 24 h. 

• Carefully remove the smaller beaker and pour the acid 

away. 

Chapter 4: Nutrient cycles in r arine ecosystems 

effects of altering the ecosystem in t is way are not clea rly 

understood. If more carbon dioxide s absorbed, the pH of 

the water could decrease further, caJsing harm to many 

different species. 

• Remove the raw egg, rinse it with tap water, and record 

your observations. 

• Place 100 cm 3 of seawater into a 25C cm 3 beaker and 

label it. 
• Place 100 cm3 of tap water into another 250 cm3 beaker 

and label it. 

• Add a few drops of universal indicat:x to each beaker. 

• Blow gently through the drinking straws into each water 
sample and time how long it takes br the colour of the 
indicator to change to yellow, whicr shows that an acid 

has been produced. 

• Record your results in a copy of Tab le 4.4. 

Risk assessment 
Goggles should be worn to protect the eyes from acid and 
universal indicator. Hands should be v..ashed after handling 
raw eggs or coming into contact with acid or indicator, both 

of which are irritants. 

Results 

observations before the I obs~r at~ons after leaving 
experiment egg 1n ac1d 

Table 4.3. Egg experiment results. 

ecome acidic/ s 

seawater 

fresh water 

Table 4.4. Exchange of carbon dioxide between the 

atmosphere and water. 

Conclusions 

1 What was the main difference in t 1e egg after it was 

placed in acid? 

2 What implications does this have for coral and other 
marine organisms with hard shell; as the ocean 
becomes more acidic? 

I 
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3 Why does the universal indicator turn yellow when you 
blow into the wat(or? 

4 Which type of water is able to absorb more carbon 
dioxide without becoming acidic? 

5 What does this suggest about the relative importance of 
seawater and fresh water as carbon sinks? 

The nitrogen cycl 
' Nitrogen is needed to form amino acids, which are built 

into proteins . It is also ~ component of nucleic acids such 

as DNA. The nitrogen oycle is more complex than the 

carbon cycle because r ost producers are unable to take 

in nitrogen gas from the atmosphere. The organisms that 

are able to take in mol~cular nitrogen (NJ must convert it 

into useable forms. In ~he marine environment this takes 

place through the acti<Dn of diazotrophs (Figure 4.9). 

Diazotrophs are bacte ~ ia and archaea that can convert 

molecular nitrogen to substances such as ammonia (NH3) . 

Diazotroph: an organ·sm that is able to grow without 
external sources of fixed nitrogen because it is able to fix 
nitrogen gas into substances like ammonia 

Figure 4.9. Trichodesmfum, a genus of marine diazotroph 

showing its filaments of ce lls, which are able to fi x 

molecular nitrogen . 

6 Why do large bodies of water in nature not become 
acidic this quickly? 

7 Suggest ways in which you could extend the exchange 
of carbon dioxide investigation. 

Nitrogen fixation requires a nitrogenase enzyme, which 

needs low levels of oxygen to function. Species that carry 

out nitrogen fixation therefore need specia lised cells w ith 

lower than normal oxygen concentrations. Trichodesmium 
have cells that are special ised for nitrogen-fixing rather 

than carbon -fixing (through photosynthesis). Lack of 

photosynthesis means the cells have lower oxygen leve ls. 

When the ammon ia produced from nitrogen fixat ion 

d issolves in wate r, it forms ammonium ions (NH/ ), 

w hich the phytoplankton are able to take in and convert 

to protein. Phytop lankton can also take in nitrite ions 

(N02- ) and nitrate ions (N03-) but the oxygen must first 

be removed, which requires energy. However, because 

nitrite and nitrate are present in the water in higher 

concentrations than ammonia, many phytoplankton 

species do take in most of their nitrogen in these forms. 

The proteins made by phytoplankton w ill be passed to 

consumers where they are digested by the consumers into 

amino acids and used to bu ild the consumers' proteins. 

When consumers and producers die, the proteins are 

broken down into amino acids by saprophytic bacteria 

and fungi . The amino acids are converted back into 

ammonia by ammonify ing bacteria . Ammon ia can then 

be oxidised into first nitrites and then nitrates in a process 

known as nitrification . 

Saprophytic (saprophyte): decomposers that feed on dead 
organic matter ('death eater') 

The conversion of ammon ia to nitrites is carried out by species 

of bacteria from the genus Nitrosomonas, and from nitrites to 

nitrates by bacteria from the genus Nitrobacter. These species 

are chemoautotrophic (l ike the bacteria found at hydrothermal 

vents) and gain energy from the reaction. The final type of 

bacteria involved in the nitrogen cycle is the denitrifying 

bacteria, which convert ammonia and nitrates back into 

nitrogen gas (N2) . This reduces the amount of nitrogen 

avai lable for phytoplankton to use and, because nitrogen is 

normally a limiting factor for growth, reduces productivity. 



Nitrates are also added to the oceans by upwell ing and run ­

off, particularly of nitrogen-based fertilisers (Figure 4.10). 

SELF ASSESSMENT QUESiTIONS 

9 Give one posit ive and one negative effect of 

increased levels of carbon dioxide dissolving in 

the ocean. 

10 Copy and complete Tab le 4.5 to show the types of 

bacteria involved in the nitrogen cycle and their 

functions. 

diazotrophs 

saprophytic bacteri a::..._--+-----------t 

ammonifying bacte:...:ri.::.a_+----------r 

[";uifying bacteria 

~nitrifying bacteria 

Table 4.5. Bacteria and the nitrogen cycle. 

fertilisers, sewage 
and manure 
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The magnesium cycle 
Magnesium is needed by producers to synthesise the 

photosynthetic pigment chlorophyll Magnesium is found 

in rocks such as dolomite (calcium magnesium carbonate) 

and enters water through erosion and weathering. It is also 

used in many chemical industries a d is found in fertiliser. 

The main way in which it enters the 9cean is therefore 

through run-off after being leached from the soil. Once 
the magnesium is taken in by phytor;>lankton it is used to 

form chlorophyll, wh ich is essential or photosynthesis. 

Chlorophyll is a large and complex olecule with a 

magnesium ion at its centre. 

The main way in which magnesium ions are removed from 
the water is by deposition in the sed ment at the bottom 

of the ocean (Figure 4.11). Because agnesium is present 
in every living cell, it is also remove by harvesting living 
organisms from the ocean, and inco poration into the 
organ isms in cora l reefs. 

~""''''"' 
nitrate ions dissolved 

denitrification nitrogen gas 
in atmosphere 

in soil water 

run-off throug~ 
rivers into 
the sea 

reservoir of dissolved 
nitrate ions in the 

surface layer of the sea 

erosion and upwelling 

ammonium ions 
dissolved in soil water 

run-off throug~ 
rivers into 
the sea 

reservoir of dissolved 
ammonium ions in the 

surface layer of the sea 

"P"k~ J 
~--~ ~:~~~and 

marine organisms 

I death, decay 

+ and sinking 

nitrogen compounds 
in the seabed 

Figure 4.10. Summary of the main processes in the marine nitrogen cycle. 

denitrification 

nitrogen 
fixation 

dissolving 

reservoir of dissolved 
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II 
PRACTICAL ACTIVITY 4.2 

Investigating the nitrogen cycle in a fish tank 

The nitrogen cycle is an important nutrient cycle both on 
land and in the sea. Most fish excrete their nitrogenous 
waste in the form of ammonia. This can cause them 
problems in an enclosed environment such as a fish tank. 
If the levels of ammonia increase too much, their gills and 
skin will be damaged In an established aquarium this is 
less of a problem as levels of bacteria build up and start 
to cycle the nitrogen. Some species convert ammonia 
to nitrite and some convert the nitrite to nitrate. In this 
experiment you will use a fish tank without any fish and 
monitor the cycling of ammonia into nitrite and nitrate. All 
the equipment can be purchased easi ly from pet stores 
and aquatic shops. The test strips can be bought from 
the same suppliers a~ well as cheaply online. You can use 
an aquarium that yoL already own but you must use new 
gravel as old gravel will already have colonies of bacteria. 
This is a long-term investigation that will take a few 
minutes every week hr several weeks. 

Apparatus 

• Fish tank with air pump (approximately 1 gallon capacity) 

• Gravel (2.5 kg bag) 

• Two live aquarium plants 

• Test strips for amrronia, nitrite and nitrate 

• Small pieces of ravv fish or prawns 

• The foot of a pair of tights 

• Elastic band 

Method 

Rinse the gravel and place it in the bottom of the tank to 
a depth of 2- 4 em. 

• Set up the air pumJ according to the instructions and 
add the live plants 

• Use the test strips to test for the levels of ammonia, 
nitrite and nitrate and record the results in a copy of 
Table 4.6. 

• Place the raw fish or prawns into the bottom of a sock or 
pair of tights and cose with an elastic band. 

• Place this into the fish tank. 

• Test the water approximately every 3 days for at least 3 
weeks, longer if yo.J can. 

• Record the results in a copy of Table 4.6, making sure that 
you include enough space for all the readings you are 
planning to take. The units you use will depend on the 
test kit you purchase and will need to be added to the 
heading of your table. 

Risk assessment 

Hands should be washed after hand ling raw fish and prawns 
and after testing the water. 

Table 4.6. Results. 

Analysis 

Plot a graph to show the concentration of each nutrient 
against time in days. You can plot three lines on the same 
graph if you include a key, or you can draw three separate 
graphs. 

Conclusions 

1 Describe the shape of your graphs. 

2 Explain the shape of your graphs. 

3 Why did you put fish or prawns into the tank? 

4 Where did the bacteria come from to convert the 

nutrients from one form to another? 

5 Did you have any anomalous or unexpected 
results? 

6 Suggest an explanation for your answer to 
question 5. 

7 Using your results, explain how long you think 
aquariums should be set up before fish are introduced. 
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magnesium ions 
dissolved in soil water 

dissolving 
ferti lisers, sewage 

and manure 

reservoir of dissolved 
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Figure 4.11. Summary of the main processes in the marine magnesium cycle. 

The calcium cycle 
Calcium is necessary to build healthy bones, cora l 

and teeth so is needed by many marine animals . 

Rainwater reacts w ith carbon dioxide gas in the 
atmosphere to form carbonic acid . This extracts calcium 

from calcium -rich rocks such as limestone, marble 
and dolomite and forms ca lcium hydrogencarbonate. 
This dissolves in the water and enters th e ocean 

through surface run-off. Phytoplankton such as 

coccolithophores use the calc ium to produce scales 
called cocco liths from ca lcium carbonate (F igure 4.12). 

The scales are transparent and so do not disrupt 

photosynthesis. It has been suggested that the sca les 

protect the cells from predators or from osmotic 

changes wi thin the cells. The product ion of the sca les 

also increases the rate of photosynthesis as carbon 

dioxi de is produced as a byproduct of the precipitat ion 
of the calcium carbonate. 

Cocco li thophores are eaten by zoop lankton, passing 

the ca lcium to the an imals. After they die, they fall to the 

ocean floor and become part of the sediment (F igu re 

4.13). Chalk is formed from cocco lithophores that were 

deposited millions of years ago. As the seabed subsided, 
the sediment was subjected to heat and pressure, which 
formed it into rocks . The white cl iffs of Dover in En gland 
are a famous example of cha lk produced in this way from 

cocco lithophores (Fi gure 4.14). 

Figure 4.12. Magnified picture of a coccolithophore. 

The phosphorus cycle 
Phosphorus is necessary for all living things to form 

nucleic acids such as DNA. It is also essentia l for bones 

in vertebrates. The major environmental source of 

phosphorus is rocks such as apatite. Phosphorus 
attaches to soi l part icles and is the 'efore added to the 

water through soil erosion rather than being in solution. 
Phosphates are also found in fertilisers, manure and 

sewage, which also contribute tor n-off. 
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Figure 4.13. Summary of the main processes in the marine calcium cycle. 

Figure 4.14. The white cliffs of Dover in England. 
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Along w ith nitrogen, phosphorus is an important limiting 

factor for growth of phytoplankton and therefore 

photosynthesis and productivity. Once phytoplankton 

take in t he phosphorus, it is assimilated into DNA and 

also phospholipids in the cell membranes. There is 

now evidence that many species of phytoplankton are 

able to alter the composition of t heir ce ll membranes 

depending on the amount of phosphorus in the water. 

This enables them to survive even when phosphorus 

levels are low. An imals eat the phytop lankton and 

incorporate the phosphorus into their own membranes 

and DNA. When the phytoplankton and an imals die, they 

are either broken down by decomposers, which re leases 

the phosphorus back into the water, or they fall to the 

bottom of t he ocean and become part of the sediment 

(Figure 4.15). 

rocks 

I erosion and + weathec;og 

phosphates dissolved in 
soi l water and attached 

to soil particles 

-~-run-off through +';"" ;, to the '" 

reservoir of dissolved 
phosphate ions in the 

surface layer of the sea 

dissolving 

11 Copy and complete Table 4.7 to show the uses of 

the main nutrients. 
J_ ~ 

~ ~ 

... _.._ 
l.lft!m IJJll){t 

nitrogen 

carbon 
-· 

magnesium 

ca lcium 
-

phosphorus - --
Tab le 4.7. Uses of t he main nu trients . 

12 Suggest what type of weathe r conditions could 

lead to an increase in the amount of phosphorus 
in surface run-off. 
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Figure 4.15. Summary of t he ma in processes in the marine phosphorus cycle. 
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The Redfield ratio 
In the 1930s, Alfred Redfield reported that he had 
taken samples froJ various depths in the Pacific, 
Atfail.tic and India~ oceans and measured the 
concentrations of dissolved nutrient ions (Figure 
4.16). He also comJDared many samples taken 
by other people. H~ discovered that the ratio of 
nitrate to phosphate in most of his samples was 
consistently around 20:1. Later this ratio was 
refined to 16:1 and expanded to include carbon, 
which occurs at a ratio of 106:16:1 with nitrate 
and phosphate. Th~ same ratio was found inside 
the phytoplankton that lived in the water. In 
other words, the composition of the water and the 
phytoplankton appeared to be not only the same 
but consistent across many different areas and 
depths . Redfield suf gested that the reason for the 
stability of the ratio could be the cycling of nitrogen 
from abiotic to biotic sources. This helped scientists 
understand how tile run-off of nutrients from 
coastal areas leads ~o algal blooms. The Redfield 
ratio is still in use today because it helps our 
understanding of all the major nutrient cycles in 
the ocean. Deviati0ns from the ratio can be caused 
by increased run-or of nutrients into the water and 
by changes in nitrogen fixation and denitrification. 
Aquarium owners can also use the ratio to monitor 
the nutrients present in the water and thus control 
the levels of algae. 

More recently, it has been discovered that, 
although the average ratio of carbon to nitrogen 
to phosphorus in Jihytoplankton conforms to the 
Redfield ratio of 106:16:1, it actually varies within 
individual species., Species that are adapted to 
living in low nutri~nt levels tend to have a higher 
nitrogen to phosp~ate ratio. Species that are 
adapted for exponential growth and that form 

' the basis of algal b!ooms have a lower nitrogen to 
phosphate ratio. This could be because the proteins 
and chlorophyll necessary for photosynthesis are 
high in nitrogen and low in phosphates. DNA and 
RNA, which are necessary for growth, contain 
more equal amou~ts of nitrogen and phosphate. 
So the ratio within an organism depends on 
the strategy it has ~dopted for survival and the 

Figure 4.16. Alfred Redfie ld. 

adaptations within its cells. It may be that the average 
Redfield ratio found in phytoplankton reflects the 
balance between the two different survival strategies. 
This would mean that alterations in global nutrient 
cycles would also alter the proportions of different 
phytoplankton species, which could have implications 
for the rest of the food chain. 

Questions 

1 Describe what will happen to the Redfield ratio if 
excess nitrates enter the water through the run-off of 
fertilisers . 

2 What effect would this have on the types of 
phytoplankton that grow and their ratio of nitrate to 
phosphate? 

3 Explain why you think that scientists continue to 
monitor the Redfield ratio in seawater. 



I 
Chapter 4: Nutrient cycles in marine ecosystems 

I 

Plotting and interpreting graphs 
Plotting graphs is an important skill because graphs help us to visualise and better understand data. 
The data on a line or scatter graph should be plotted with the independent variable (the one that has 
been changed) on the x-axis. The dependent variable (the one that has been measured during the 
experiment) should be on they-axis. A sensible scale should be used for each axis, for example 2 
units per square of graph paper. The graph should fill at least % of the available space on the graph 
paper and also be easy to plot and read the data afterwards. Scales that involve 3 units per square are 
difficult to plot and even more difficult for someone else to interpret and so should be avoided. It is 
not always necessary to start the scale at zero, but if the scale starts with another number this should 
be indicated by drawing two lines through the axis. Both the x andy axis need to be labelled with a 
description of the variable and the units that have been used. 

When the points have been plotted, a line can be drawn. On a scatter graph this will be a line of best 
fit, showing the relationship between the two variables. Try to make sure that equal numbers of points 
are on either side of the line. For a line graph in biology, the line will often simply be straight lines 
drawn with a ruler between the points. This is because the actions of living organisms make it difficult 
to tell what happens between each point. A smooth curve of best fit can be drawn if there is reason to 
believe that the intermediate points would fall on the curve. 

To interpret a graph it is important to both describe and explain what the data are showing. Think of 
describing a graph as answering the question: What do you see? You should state the key points that 
can be seen and give data from the graph to illustrate your answer. Explaining a graph by contrast 
means answering the question: Why does it happen? You should give the reasons for the shape of the 
graph and any changes that you see. 

The data in the table show the fertiliser consumption per hectare in the USA. 

year I fertiliser consumption per hectare I kg 

1880 1.4 

1890 1.9 

1900 2.9 

1913 5.8 

1922 7.0 

1937 8.7 

1957 23.4 

1999 108.3 

Table 4.8. Fertiliser consumption per hectare in the USA. 

1 Plot a graph to show this data. 

Remember that the independent variable must be on the x-axis, which in this case is the year. The 
dependent variable is the fertiliser consumption, and this should be on they-axis: remember to 
include the units (kg). The points should be joined with a straight line because you cannot predict 
what might have happened in the intervening years. 
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A graph of these data should look something like Figure 4.17. 
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Figure 4.17. Fert il iser consumption in the USA from 1880 to 1999. 

2 Describe the sha1e of the graph. 

Remember, to describe you need to say what is happening and quote figures from the data . So a 
description of thi~ graph needs to include the slow increase between 1880 and 1922, followed by a 
much more rapid increase to 108.3 kg hectare-1 in 1999. 

3 Suggest an explanation for the shape of the graph. 

One possible explanation is the increase in availability of commercially prepared fertiliser. 
Another explana~ion could be that the price decreased or that increased demands for food meant 
that more fertiliser had to be used to increase crop yields. 

Questions 

1 The data in Table 4.9 show the amount of phosphate fertilisers used between 1975 and 2005. 

1975 124 000 

1980 87 000 

1985 62 000 

1990 38 000 

1995 27 000 

2000 27 000 

2005 22 000 

Tab le 4.9. Phosphate fertiliser use between 1975 and 2005. 

a Plot these data as a graph on graph paper. 

b Describe the shape of the graph. 
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2 The graph in Figure 4.18 shows the increase in the amount of carbon dioxide measured in the 
atmosphere in America. 
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Figure 4.18. Changes in carbon dioxide con ce ntration in America between 1970 and 2005. 

a Describe the graph. 

b Suggest one human activity that could increase the amount of carbon dioxide in the atmosphere. 

c Suggest the effect of increasing carbon dioxide in the atmosphere on the concentration of carbon dioxide dissolved 
in seawater. 

-to. ··~H I IIIII t; IJlJ' 
• Nutrient cycles show the movement of nutrients through the 

abiotic and biotic parts of the ecosystem. 

• In the abiotic stage nutrients are found as gases in the 

atmosphere, as well as dissolved in water and as part of 

rocks. 

• An important reservoir of dissolved nutrients is found in the 

upper layers of the ocean. 

• Nutrients move to the biotic phase through uptake and 

assimilation by producers such as phytoplankton. 

• When phytoplankton are eaten, organic compounds 

containing the nutrients are digested and absorbed by 

consumers and then assimilated into consumer biomass. 

• From here they can be removed from the ecosystem 

altogether by harvesting. 

• Once organisms die they can sink to t he bottom of the ocean, 

where they form part of the sediment. 

• Nutrients can also become incorporated into coral reefs. 

• More nutrients are added to t he reservoir in the surface 

layers by dissolving from the atmosphere, running-off the 

land or upwelling from nutrient-rich deeper waters. 

• The main nutrients are: 

• nitrogen, which is needed for prot·:~ ins 

• carbon, which is found in all orgar ic molecules including 

glucose and lipids 

• magnesium, which is needed for chlorophyll 

• calcium, which is needed for bones, shells and coral 

• phosphorus, which is needed for DNA and bone. 

J 
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Exam-style questions 

1 The diagram in Figure 4.19 shows the marine magnesium cycle. 

magnesium in rocks 

A 

reservoir of dissolved 
nutrients 

~ 

B 

seabed 

Figure 4.19. The marine magnesium cycle. 

harvesting 

food chains 

~ 

a Name the process shown by arrow D. [1] 

b Describe how the magnesium found in rocks on land ends up in sed iments on the 

seabed . [4] 

c 1 Suggest what wi ll happen to the concentration of magnesiu m over ti me. [1] 

[3] ii Provide an explanation for your answer. 

[Total mark: 9] 

2 a i Describe how nutrient-rich water from deep in the ocean enters the reservoir of 

nut rients at the surface. [2] 

ii Suggest two other ways in which nutrients enter su rface waters . [2] 

b i Suggest a benefit of increased nutrients in surface waters. [2] 

[2] 

3 a 

ii Suggest how increased nutrients in surface waters cou ld be harmfu l. 

[Total mark: 8] 

State how carbon dioxide enters surface water from the at mosphere. 

ii Descri be t he effect this has on the pH of the water. 

iii Name a biologica l compoun d that conta ins carbon . 

b i Give two ways in which phosphorus ca n enter surface water. 

[1] 

[2] 

[1] 

[2] 

[3] ii Describe the effect of increasing phosphorus levels on producers. 

[Total mark: 9] 
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4 a Fill in Table 4.10 to show the uses of different nutrients. 

nutrient I biological use 

nitrogen 

ca lcium 

phosphorus 

Table 4.10. The uses of different nutrients. 

b Describe t he process of run-off. 

ii Describe the effect of run-off of ni trogen fertilisers on producers. 

iii Explain how this will affect the consu mers in the food chain . 

[3] 

[3] 

[3] 

[2] 

[Total mark: 11] 

5 a Describe how calcium in limestone on land can be incorporated into coral. [5] 

b Give one biologica l use of ca lcium apart from in coral. [1] 

ii Why does the level of ca lcium in the seawater stay constant? [4) 

c Name a nutri ent whose levels are increasing in seawater. [1] 

ii Suggest an explanation fo r this increase. [2] 

[Total mark: 13] I 

The importance of salmon to the growth of trees 
Harvesting by humans is an important way in which nutrients are removed from the marine enviro ment. 
However, nutrients are also removed by migrations of marine organisms such as salmon (Figure 4.20) to 
fresh-water areas where they are eaten by predators like bears and eagles. Pacific salmon spend mos of 
their life at sea. The juveniles tend to feed on zooplankton and the adults feed on krill and smaller fi h such 
as herring. In this way the nutrients from the water that are taken up by the phytoplankton end up being 
assimilated by the salmon. 

Figure 4.20. Adult Pacific salmon. 
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Each year salmon return to the fresh­
water streams and l~kes where they were 
born in order to brJed (Figure 4.21). For 
successful reproduation, the fish need 
the streams to be shaded by trees so that 
the water is not too warm. Warm water 
also contains less oxygen, which would 
mean that fewer of the eggs would 
be able to survive. The trees help to 
prevent soil erosion, stopping sediment 
from entering the slreams and keeping 
the water clear for tbe salmon. Large 
populations of inse~ts live in the leaves 

I' 
and needles of trees that provide food 
for the young salmon once they hatch. 
The trees are therefore important for the 
survival of the salrJon. The majority of Figure 4.21. Spawning Pacific salmon moving upstream. 
the trees that grow in these forests tend 
to be conifers such ~s spruce. 

What has become blear is that not only 
do the salmon neeJ the trees, but the 
trees need the sal~on . As millions of 
salmon move through the waters of the 
Pacific Northwest ! oast of the USA, 
they provide huge ~mounts of food for 

~ 
bears and eagles (, gure 4.22). It has 
been estimated that each bear fishing 
in British Columbia, for example, can 
catch 700 salmon during the spawning 
period. Although uhe bears kill the 
salmon in the water, they move away 
from the water to eat. Roughly half 
of each salmon carcass is consumed 
by the bear, with the rest feeding 
scavenger species and insects. Figure 4.22. Bear catching salmon. 

The nitrogen compounds from the decomposing salmon carcasses eventually find their way into the soil 
as part of the nitrogen cycle. Proteins are broken down and converted into nitrates by a series of different 
types of bacteria. Rroteins are broken down into amino acids by decomposers. The amino acids are then 
converted to ammbnia in the process of ammonification. Ammonia is then converted to nitrite and finally 
nitrate by nitrifying bacteria. The trees take in the nitrates through their roots and are able to use it to 
form amino acids !fhich are then built up into plant proteins. As nitrate is normally a limiting factor for 
plant growth, incrb sing the level of nitrates increases the growth of the trees. The fish provide up to 120 kg 
nitrogen per hecta~e of forest, which enables the trees to grow up to three times faster than they would 
without the added nitrates. 

Researchers have J sed different isotopes of nitrogen to investigate the uptake of nitrates from the salmon. 
Isotopes are forms of the same element that have different numbers of neutrons and therefore different 
relative atomic masses, although they have the same chemical properties. The nitrogen 15 isotope is far 
more abundant in marine ecosystems than in terrestrial ecosystems and so can be used as a marker for the 
nitrogen that has come from marine sources. Small samples of wood can be extracted from the tree trunk 
and the isotopes c~mpared . Using this method, it has been shown that larger trees have higher levels of 
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nutrients that originate in the salmon than smaller trees. In addition, the closer the tree is to the spa ning 
sites, the higher the levels of nutrients from the salmon. In this way a positive feedback loop is formeti. 
The more salmon that are deposited, the better the trees grow, and the better the trees grow, the better the 
conditions in the stream for the spawning of salmon (Figure 4.23). 

Figure 4.23. Spruce trees growing near a river in Montana. 

This has important implications for conservation of both salmon and forests, as each helps the other to 
survive. Since the 1990s there have been sharp declines in the numbers of Pacific salmon, which could 
cause problems not only for the bears that feed directly on them, but for the growth of trees. This would 
of course also affect all the other species that live in and around the forests, and which need the spruce 
trees for their habitat. Eventually it would also affect the salmon themselves, as fewer t rees would mean 
worse conditions for spawning. Therefore, in order to conserve the salmon populations the forests must be 
protected, and in order to conserve the forests there need to be enough salmon spawning each year. 

Questions 

a Explain why the growth of trees is important for the survival of salmon. 

b Explain how the salmon increase the growth of the trees. 

2 a Researchers have used different isotopes of nitrogen to trace nutrients derived from marine sources. Describe 
the possible route from the ocean to a tree of a nitrogen atom contained in an ammonia molecule. 

b Most of the nitrogen appears to come from the salmon carcasses abandoned by the bears. Suggest another way 
that extra nitrogen is provided by the salmon. 

3 Name another nutrient present in the salmon and suggest where it would be found within the salmon. 

4 Suggest a type of organism other than the trees that would benefit from the nitrogen within the salmon. 

5 a Suggest how some of the nitrogen in the forest is returned to the marine ecosystem. 

b Why must salmon and forest conservation take place at the same time? 



Learning outcomes 

By the end of this chapter, you should be able to: 

explain and provide evidence supporting the Darwin- Dana-Daly theory of atoll formation 

connect how coral grows and survives with the Darwin-Dana-Daly theory 

explain what can cause a change from reef growth to reef erosion 

explain how reefs can reduce the energy of waves and help protect shores and anchorages, and the 

negative effects of reef erosion 

discuss the effects of artificial reefs on shores and anchorages ~ 

describe and differentiate between the methods used to discover the history of reefs and the effects of 

sea-level changes on reefs 

apply what you have learnt to new, unfamiliar contexts. 



Clear, blue waters surround the world's 284 300 km 2 of 

coral reef ecosystems. Reef structures are, arguably, 

one of the greatest intersections between the physical 

structure of an environment and the organisms that 

live there. Just as in tropical rainforests, in coral reef 

communities the living organisms in the environment 

actually provide the structure necessary for the 

many microhab itats of the commun ity to exist. These 

microhabitats provide homes to thousands of marine 

species. The species surviving on a co ral reef, as well 

as the coral itself, create one of the most beautiful and 

biodiverse communities on our planet: a commun ity that 

is reliant on the physio logy of the coral animal for health 

and survival. 

One of the most well-known coral reef systems is the Great 

Barrier Reef off the coast of Queensland, Australia. This reef 

system is home to over 2900 individual coral reefs housing 

more than 2000 species of animals, from corals to whales . 

5.2 Coral physiology 
All corals belong to a special phylum of organisms called 
cnidarians. Animals in this phylum are found in aquatic 

ecosystems, primarily marine, and all capture food using 

stinging cells called cnidocytes. The presence of these 
stinging cells in coral polyps indicates a close relationship 

with sea anemones and jellyfish. 

Like anemones, corals live their entire adult life as polyps. 

Polyps are the sessile (non-moving) life stage of coral 

animals . Polyps tend to be simple in appearance, just a 

cylinder of epidermal tissue with tentacles surrounding 
a mouth. This mouth leads to a simple, sac-like stomach, 

or gastrovascular cavity, made of tissue designed to 

secrete enzymes for digestion . Polyps may live individually 

or in giant colonies capable of bui lding reefs. There are 

two major categories of corals: those that build reefs, 

hermatypic corals, and those that do not bu ild reefs, 

ahermatypic corals . 

Ahermatypic: soft corals that do not build reefs 

Hermatypic: hard corals capable of reef-building 

Zooxanthellae: symbiotic, photosynthetic dinoflagellates 

living within the tissues of many invertebrates 

Chapter 5: Corat jreefs and lagoons 

Unfortunately, this beautifully biodivense community, like 

other coral reefs worldwide, is under attack. 

Climate change, pollution and reef erosion are happen ing 

at rates that are dangerous for the world's coral reefs. 

Over 90% of the corals living on the Grreat Barrier Reef 

are suffering from a disease called coral bleaching. 
More than 20% of those corals affected have already died 

because of the loss of nutrients caused by the bleaching. 

Coral bleaching tends to happen in areas with rising water 

temperatures and increased levels of pollution. Recovering 

from the disease is possible but not easy. It is vital that 

we begin the process of cleaning up ou r oceans and 

reducing our ecological impact in order to give the coral 

communities their best chance at survival. 

Coral bleaching: the loss of symbiotic algae from the tissues 

of corals as a result of environmental factors 

Ahermatypic corals are routinely refer red to as soft 

corals because they are flexible and ~ o not create stony 
skeletons, using proteins for support nstead. Soft corals 

resemble plants, trees or fans, and g nerally do not 

maintain a symbiotic relationship wit zooxanthellae, 
photosynthetic dinoflagellates that can be found in the 

tissues of corals and many other marne invertebrates. 

Some examples of soft corals are sea whips, sea fans and 

gorgonians. 

Hermatypic corals, or hard corals, ar the reef-building 

group of corals. Within this group, th coral polyps 

always live in colonies and always inalude zooxanthellae 

(Figure 51). These colonies begin whr n a single planktonic 
coral larvae settles on a hard substr te. Once the larvae 

has attached, it goes through meta orphosis to become 
a coral polyp. If this original polyp su vives and thrives, it 

wi ll reproduce asexually through a p ocess called budding. 

Budding happens when the initial polyp grows a clone 

of itself. As a result of this process, ty ically all polyps 

in a cora l colony are genetically iden ical to the founder 

polyp. In order to cement themselves to the substrate, 

each polyp secretes calcium carbon ' te (CaC0 3) onto the 

substrate. When an older polyp dies, a new polyp will grow 

in its place, adding another layer of oa lcium carbonate to 

the structure. Eventually, this proces£ creates a limestone 

skeleton that can form many different shapes and provides 

I 
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the framework of the coral reef. Because coral polyps are 

so tiny, it can take billions of polyps to form a reef. 

complete 
hermatypic coral polyp 

hermatypic 
coral 
polyp 

cross-section 

Figure 5.1. Herm atypic cora l polyp with symbiot ic 

zooxa nthellae. 

It is important to note that hermatypic cora ls would 

probably be unable to build reefs without the symbiotic 

relationship they maintain with zooxanthellae. 
Zooxanthellae are microscopic, single-celled 

dinoflagellates that live within the t issue of hard corals 
(Figu re 5.1). Using the carbon provided by the coral host, 

zooxanthellae perform photosynthesis to generate organic 

material that can then be passed on to the coral. Without 

the extra nutrition provided by zooxanthellae, corals 
wou ld be unable to secrete enough calcium carbonate to 
build the skeleton of the reef. The zooxanthel lae provide 

enough food for the co ral in clear, sunny waters so that 

often the coral can survive withou t eating. Coral are 
predators, however, even if zooxanthellae support them . 

Coral polyps use their tentacles filled with cnidocytes to 

prey on microscopic zooplankton float ing in the water 
near them . 

5.3 Physical factors necessary 
for coral growth 
In 1842 Charles Da rwin published a book called Coral Reefs 
based on his observations aboard the HMS Beagle between 

November 1835 and April1836 . This book wou ld become 
central to the discussion of how cora l reefs form and the 

environment necessary fo r their unimpeded growth . In 

the book, Darwin included a map of all the known cora l 
reefs. This map showed where in the world coral reefs are 

most likely to be found: between 30° north and 30° south 

of the equator. It is interesting to note that, despite a lack of 

modern equipment, Darwin's map, and the observations 

that formed it, are still largely accurate loday. Darwin also 

distinguished between three major typl s of reef (fringing, 

barrier and atoll) and how each is form d, which you will 

find out about in the following section . 1 

Co ral reefs are reliant on several physi9
1

a1 factors 
for healthy growth and colonisation, p1rticularly an 

appropriate temperature, water clarity
1

and suitable depth. 

When mapping out cora l reef distributibn (Figure 5.2), 

scientists can hypothesise which reefs ~ ill have the highest 

growth rates by evaluating the presence, or lack, of these 

vita l physical factors. As the combinati 
1 
n of these factors 

is prevalent with in an area referred to 9s the 'tropics', this is 

where coral reefs are most likely to be ound . 

The most important physical factor fo I corals is 

temperature. Hard corals are limited t9 waters with 
temperatures ranging between 16 oc a

1 
d 35 oc (61-95 oF). 

Corals growing in water wi th temperat res at either end 

of this range tend to be less healthy ana grow less quickly 
than those in water of the preferred ra ge of 23-25 oc 

(73-77 oF) . Because of the warm temp ratures needed for 

successful coral growth, you would explect to find coral 

reefs located exclusively in the tropics petween 30 oN and 

30 os of the equator. However, some arreas outside this 

zone, such as Florida and southern Ja an, are also ab le 
to support healthy coral reefs . This is because there are 

warm water currents flowing along thJ
1 
continental shelf in 

those areas. 

A suitab le depth of water is needed for healthy coral 
growt h. Whi le al l cora ls grow in the subtidal zone, those 

present in areas within 20m of the surf ce tend to have 

the fastest growth rate. Because of the
1 
symbiotic nature 

of coral's relationship with photosynth : tic zooxanthellae, 

you do not find coral reefs in deeper w : ter because 

there is insufficient light. Th ose corals that do not use 

zooxanthellae may be found in deeper 1 aters with warm 
enough temperatures. 

In order for zooxanthel lae to photosyn hesise efficiently, 

sunlight must be ab le to reach the cor1l polyps at sufficient 
levels. Therefore, water clarity is also vita l to the health 

and growth of cora l reefs . If the light is nab le to reach 

the coral polyps, the zooxanthel lae ca 1not produce the 

organic material necessary for the cor1l to build up the 

reef. Th is reduces overall growth and pbtentially stresses 

the coral, which is why clear water wit 
1

out silt or an 

excess of nutrient s is needed for rapid coral growth . 
An abundance of nutrients may lead to' an alga l bloom 
that can cloud th e surround ing water a

1 
d reduce light 

penetration. An excess of smal l sed i m~lnts , li ke silt, also 
causes turbidity, or cloudiness, within 'he water. 
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Figure 5.2 . A map of the world's coral reefs. 

Salinity and substrate are determin ing factors in the 
success of a coral reef. Cora ls must have an appropriate 

rocky surface for attachment. Co ral larvae cannot attach 

to sand or other unstable materials, so the larvae tend 

to attach to denser materials. The basaltic rocks of 

undersea mountains and other hard surfaces along the 

continental shelf provide excellent attachment si tes for the 

larvae. Corals are not adapted to freshwater or brackish 

conditions. For this reason, they do not do well near river 

mouths or other areas linked with fresh water or run-off 

flowing into the sea . 

A final physical factor determining coral health is pH. 
Scientists use pH to determine how acidic or basic 

a substance is on a logarithmic scale of 0-14. Acidic 

substances have a pH below 7; neutral substances have 

a pH around 7; basic substances have a pH above 7. For 

healthy growth in coral reefs to occur, the ocean should be 

slightly basic, with a pH between 8.1 and 8.5. Waters with 

lower pH levels stress the corals and cause bleaching. 

If a cora l la rva has found a locat ion that meets all of 

these requirements, it will thrive and begin the process 

of reef-forming. Coral polyps will continue to add to 

existing coral skeletons, growing outwards for thousands 
of years. If the seabed subsides, or sinks, the coral polyps 

I 
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will tend to grow vert ically to maint in the appropriate 

depth for photosynthesis. Th is w ill a so occur if there is 

sea-level rise, as when polar ice cap melt adding water 

to the ocean . 

Explain why coral reefs are most common ly found 
within 30 oN and 30 os of the equator. 

2 Suggest wh ich physical factors are linked most 

closely with the symbiotic relat ionship coral has 

with zooxanthellae. Support your answer with 
evidence. 

5.4 Types of reef 
Geomorphology is a term used to describe the scientific 

study of landforms and the processes i volved in creating 
those landforms. Whi le aboard the HMS Beagle, Charles 

Geomorphology: the study of the characteristics, origin and 
development of landforms 

I 
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Darwin studied the geomorphology of coral reefs. In doing so, 
Darwin observed three fairly distinct types of reef: fringing 
reefs, barrier reefs and atolls. In his book Coral Reefs, Darwin 
writes about the differences between these three reefs and 
how they are all connected. Since Darwin's time, a fourth reef 
type has been categorised: patch reefs (Figure 5.3). However, 
whether or not this is a true fourth category is debated. 
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Figure 5.3. Different reef formations . 
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Fringing reef: a reef close to and surrounding newer 

volcanic islands or that borders continental landmasses 

Barrier reef: a reef separated by a lagoon from the land 

mass with which it is associated 

sea 

Atoll: a coral reef somewhat circular in shape with a central 
lagoon 

Patch reef: small, isolated reef usually located within the 

lagoon of a barrier reef 

Darwin hypothesised that all reefs begin as fringing 
reefs. Fringing reefs form along the edges of continental 

landmasses, islands and oceanic volcanoes. Fringing 
reefs are separated from the shoreline by narrow, shallow 
lagoons. Rocky shorelines are the best substrate for the 
initial placement of the larvae, but a soft bottom will do as 
long as there is at least one hard placet cement to. Fringing 

I 
reefs are the most commonly seen and xplored because 
they tend to be easy to reach. This near 

1

ess to shore makes 
them vulnerable to excessive sediment, un-off containing 
pollutants and fresh water, and human isturbance. 

Barrier reefs are similar to fringing reefs in that they lie along 
the shoreline of a larger landmass. BarriJr reefs are separated 
from land by deeper, wider lagoons and 

1 
ay be up to 97 km 

from the shore. A lagoon is a shallow, sh ltered body of water 
that typically has a soft sediment botto . Fringing reefs may 
even exist within the lagoon created between the barrier 
reef and the shoreline. Portions of barrie 

1 

reefs may have 
grown so that the water above is very sh llow, making them 
dangerous for boats to travel over them . 

Typically found between fringing reefs and barrier 
reefs are patch reefs . Patch reefs are t~e smallest of 
the reef types and they tend to grow vertically from the 

I 
continental shelf or lagoon floor as an solated formation 
within the lagoons formed by barrier r efs . The size of 
patch reefs can va ry based on age and location, but they 
rarely have the vertical height needed ~o reach the water's 
surface. It has been argued that patch eefs are actually 
just a formation within a barrier reef and should not be 
placed in a separate category. 

The final category of reefs are atolls. An atoll is a coral reef 
that develops as a ring around a central lagoon . Atolls 
vary in size from 1 to 32 km in diameter! Most atol ls can be 

I 

found in the trop ical Indian Ocean and the west and central 
Pacific Ocean; they are rare in Caribbea and Atlantic 
oceans. Atolls va ry drastically from frin&ing and barrier 
reefs in their location. Typically, atolls are found kilometres 
from any visible land in incredibly deep water. This 
enormous distance provided a challenge to the scientists 
of Darwin's day. These scientists, inclu~ing Darwin, wanted 
to be the first to determine how atolls formed. 

Darwin-Dana-Daly theory of a! ou formation 
After much observation and consider~tion on his HMS 
Beagle voyage, Darwin was certain he had worked 
out how atolls were formed. According to Darwin, 
the type of reef seen was dependent on time. He 
described a fringing reef as the first, which would lead 
to a barrier reef and subsequently end up as an atoll. 
After Darwin released his hypothesis ~f atoll formation, 



it was supported and modified by two leading geologists 

of the day: James Daly and Reginald Dana. 

The Darwin-Dana-Daly theory of atoll formation can be 

summarised as follows. Coral larvae begin to colonise the 

basaltic rocks along the coastline of a recently emerged 

oceanic volcano (sea mount). The corals continue to grow 

and colonise, creating a fringing reef around this island. 

The island then begins to erode at the top and sinks 

slowly beneath the sea. (It has since been discovered 

that tectonic activity is responsible for this sinking.) As 

the island sinks and erodes, a lagoon begins to form and 

grow between the reef and the island. Once the lagoon 

has grown sufficiently, the reef is classified as a barrier 

reef. This reef continues to grow around the area where 

the island had been, despite the continuous sinking of 

the island. Eventually, the island sinks entirely below the 

surface of the water, leaving behind a ring of coral, an atoll, 

with a relatively shallow lagoon in the centre (Figure 5.4). 

This theory has since been supported by data from 

multiple sources. As an example, when scientists took 
drilling cores of the Bikini Atoll in the Pacific Ocean, the 

data showed that coral age increased with depth. Those 

corals located at the base of the ato ll , nearly 1200 m deep, 

were 50 mill ion-year-old fossilised coral species, whi le 

those at the surface were living modern species. After 
testing the substrate under the fossilised corals, scientists 

found volcanic rock, supporting the idea that the original 

corals settled along the edges of a recently emerged 
volcanic island. As these fossil corals, now located more 

than 1000 m below the surface, could only have grown 

in shallow waters, this provides even more evidence 

support ing the idea that the island sank over time. 

volcanic island 

fringing - -,;.- ­
coral reef 

Side view 

Figure 5.4. An aeria l and side view of atoll formation. 

Side view 
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3 Compare and contrast the three major types of 

reefs: fringing reefs, barrier reefs and atolls, paying 

particu la r attent ion to formation and age. 

4 Summarise the evidence used to support the 
Darwin-Dana-Daly theory of atoll formation . 

5.5 Reef erosion 
A healthy coral reef in a location whe all physical factors 

are being met can expect to accumuiJte between 3 and 
II 

15m of calcium carbonate every 1000
1 

years. The largest 

of the cora l species are the slowest gr~wing, often only 

adding between 5 and 25 mm of calcium carbonate a year. 

The faster growing corals, such as staghorn corals, can add 

as much as 20 em to their branches per year. According 

to current geological estimates, most modern coral reef 

systems are between 5000 and 10 000 years old. This 
. j 

slow growth rate of healthy corals IS one reason why reef 
erosion can be so detrimental. 

When a cora l reef begins to lose more calcium carbonate 

each year than it accumulates, it is un ergoing reef erosion. 

There are many causes of reef erosion both biological and 

Reef erosion: the gradual wearing away of a coral reef by the 

action of living organisms (bioerosion) and physical factors, 

such as storms 

r fringing reef 
grows upward 
becoming 
barrier reef 

I 
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physical . Biological causes of reef erosion, often referred to 

as bioerosion, include the predation of coral by organisms 

such as the parrotfish, butterflyfish and the crown-of­

thorns starfish. Physical causes of reef erosion include 

storms, exposure to air and ocean acidification. 

Both parrotfish and butterfly fish are avid predators of 

coral polyps among coral reefs. Butterfly fish tend to be 

specialists, eating only a few particular species of polyps. 

Parrotfish, on the other hand, are grazers that eat coral 

polyps in order to get to the algae living within them. 

Parrotfish wi ll use their beak-like teeth to bite off portions of 

rock or coral reef, which they swallow whole. Thei r bodies 

then digest all of the organic material (i.e. the algae) located 

within the coral polyps and re lease the indigestible ca lcium 

carbonate as faeces. This process leads to an overall loss of 

calcium carbonate present on the reef, causing reef erosion. 

The crown-of-thorns starfish (Acanthoster plonci) has been 

a serious threat to corals in the Indo-Pacific region for the 

last 50 years. These cora l predators have seen multiple 

population booms and are considered to be the greatest 

cause of coral mortality on the Great Ba rrier Reef. There 

are several hypotheses about what causes an outbreak of 

crown-of-thorns starfish, but the most likely is nutrient-rich 

run-off as a result of the overuse of fertilisers combined 

with the removal of predators. These nutrients, primarily 

nitrogen and phosphorus, tend to cause plankton blooms 

where crown-of-thorns starfish larvae thrive. Without 

predatory fish to contro l the population of larvae, the larvae 

metamorphose into adult sta rfish and devour the reef. 

Physical damage to reefs during low tide can also 

be extensive. Because corals need to be in subtidal 

regions, any exposure to air can be dangerous. During 

spring tides, the lowest of the tides can leave coral 

reefs exposed to the ai r, causing the cora ls to desiccate 

or overheat. When the coral polyps di ~, they may be 

replaced with algae or slowly eroded. 

Storms are another major source of reef rosion . The 

turbulence caused by hurricanes, typho ns and tropical 

storms can be extensive. Typically, the d~mage is caused 

by breakage of the coral itself or a scourng of the coral 

by abrasive sediments that are being sw rled through the 

normally calm waters. Evidence of the d mage to the Great 

Barrier Reef caused during cyclone Ita islshown in Figure 5.5. 

Corals can general ly recover from hurri I ane damage 

but the time the recovery takes is influ ~nced by several 

factors, including: 

• the amount of coral rubble rema in in after the storm 

• the sediment stirred up by turbulen 
1 
e 

• the growth of algae competing for a tachment surfaces 

within the reef I 
• run-off, which may bring toxins, lowe~the salinity of the 

water and increase nutrients, encour, ging an algal bloom. 

For example, Hurricane Hattie destroyed a 43 km stretch 

of barrier reef off the coast of British Hof duras in 1961. At 

the time it was estimated that 80% oft e Belize Barrier 

Reef was damaged by this storm. While
1

r he reef has since 

recovered, scientists at the time believ~d it would take 

between 25 and 100 years for the ecosl Dtem to repair itself 

Over the last 300 million years the pH oi the world's oceans 
has been sl ightly basic, at an average p of 8.2. However, 

within the last 200 years, since the lndu f rial Revolution, it 

has dropped to 8.1. This drop seems tin 
1
, but the pH scale 

is logarithmic, so a 0.1 drop represents ~ 25% increase in 

acidity. This process is cal led ocean acidification. The 

gases in our atmosphere (especially car~on dioxide) dissolve 

at the ocean surface (see Chapter 7). Thi~ creates higher 

levels of ca rbonic acid (H2C03), lowering
1
the overa ll pH of the 

Figure 5.5. A portion of the Great Barri er Reef before and after the category five t ropica l cyclone Ita pa 



ocean. This acidity is having an abnormally large impact on 
coral reefs that use ca lcium carbonate in the manufacture 
of their skeletons. Ocean acidification prevents corals from 
absorbing all of the calcium carbonate they need to build 
their skeletal structures. Th is can lead to the skeletons 
themselves dissolving in the more acidic water. 

Reef destruction through human 
interference 
While most reef erosion happens naturally through 
bioerosion and physical factors such as storms, 
quite a bit is also caused by human interference. 
Human interference can take many forms. Fishing, 
tourism and coral harvesting are probably the most 
well-known causes of destruction of coral reefs 
worldwide. 

Fishing near a coral reef makes sense 
economically considering the vast biodiversity 
of a healthy reef system. However, this can pose 
several problems. If the fishermen are not careful, 
they can easily anchor their boats on a portion 
of the reef or run their boat over the top of the 
shallower portions of the reef. This also applies to 
boats chartered for tourists and cruise liners. For 

Figure 5.6. A young man dynamite fishing in the Philippines. 
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Ocean acidification: a reduction in the pH of the ocean over 
an extended period time, caused primarily by uptake of 
carbon dioxide from the atmosphere 

example, a single cruise ship destroye 3150 km2 of 
reef in Fiji in 2006. 

Additionally, fishing methods and practices, such as 
dynamite and cyanide, can be especially dangerous for 
coral reefs. These methods are used to ~tun fish so that 

I 

they are easy to catch at the surface in andheld nets 
(Figure 5.6). The blast of the dynamite will explode 
portions of the reef, causing permanent damage. 
Cyanide fishing is only meant to stun larger fish for 
easier catching, but actually kills smal er organisms 
like coral polyps. Over-fishing oflarge

1
predatory 

fish on the reef has also led to an average decrease in 
fish size on most of the world 's reefs and large-scale 
ecosystem change on some reefs. Whe1,1 the larger 
predatory fish or herbivorous fish are removed from 

I 
the coral reef system, there is nothing o keep algae or 
coral predators, like crown-of-thorns tarfish, from 
overtaking the reef. 

I 
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The harvesting of coral is one human interference 
that is not accidental. Many uninformed tourists 
break off pieces of the reef to take home as 
souvenirs, but damage is also often caused by 
local businesses. Black coral can be polished and 
is sold as jewellery in many parts of the world. 
Other pieces of coral are dried out and sold to 
people as decorative items for their homes. On a 
large-scale, this harvesting causes a lot of damage 
to reefs over time. 

Coral bleaching and climate change 
The term climate change refers to changes in global or 
regional climate patterns and more specifically to the 

changes that have been seen since the late 20th century. 

Many studies have found a correlation between the rate of 

climate change and rising levels of carbon dioxide in our 

atmosphere as a result of fossi l fuel use. Climate change 

has two primary impacts on ocean ecosystems: a rise in 
sea surface temperatures and a lowering of pH levels. 

Climate change: changes in global or regional climate 
patterns, especially changes that have been seen since the 
late 20th century 

Questions 

1 Using your knowledge of average cor 1 growth, 
describe the damage the cruise ship ~entioned 
previously caused in ecological terms II 

I 
2 Suggest a possible reason why over-fishing can lead 

to erosion on coral reefs. 

3 With specific reference to hermatypio and 
ahermatypic corals, explain which ty e you think is 
most commonly harvested and why. 

Cora l bleaching occurs when hard cora s become stressed 

by environmental factors, particularly r sing water 
temperature and acidity. This stress ca~:~ses the coral 

polyps to reject their symbioti c zooxanthellae. Because 

the zooxanthellae contain all the pigments that give 

the coral polyps their colour, the bright hite ca lcium 

carbonate skeleton of the reef become visible (Figure 5.7). 

This change from yellows and browns t wh ite is called 
bleaching. Whi le bleached, corals are n t adding to their 

calcium carbonate skeletons, so reef growth stops. If the 

bleaching event lasts too long the cora \s will die as a result 
of lack of nutnents and poor conditions. There have been 

multiple mass bleaching events around the world since the 

mid-1990s. 

Figure 5.7. A healthy coral and a bleached coral in the Florida Keys. 



Impacts of reef erosion and artificial reefs 
Wh ile many people see cora l reefs as beneficial only in 

terms of biodiversity in the ocean, they are also of benefit 

to onshore habitats. Coral reefs absorb on average 97% of 

the energy of waves com ing into shore. Wave height is also 

reduced, on average by 84%. These reductions in wave 

energy and height have important implications for the 

shoreline. By reduc ing the oncoming wave energy, coral 

reefs are able to protect the shoreline from erosion caused 

by strong waves. Preventing erosion of the shoreline and 

reducing wave height helps to protect anything on the 

shore from being damaged during storms and being lost 

to the sea as a result of erosion. Those ecosystems that 

exist along the shoreli ne, fo r examp le mangroves, also 

benefit from reduced wave action and serve as nurseries 

for marine organisms. 

Healthy coral reefs also help protect boats and 

anchorages. Many coastal communities provide 

breakwaters to create anchorages, areas where people 

anchor t heir boats. These breakwaters can be expensive. 

However, where there is a healthy coral reef, the reduced 

wave action means there is less need for a breakwater, 

reducing the cost to the community. Add itiona lly, the 

anchorage itself is safer for boats because the coral 

reduces turbulence in the area, calming the waters. The 

reduction in erosion and cost of breakwaters means 

areas with healthy coral reefs have a significant economic 

advantage over those areas w ithout. 

Those areas with coral reefs suffering from reef erosion 

are therefore at an economic disadvantage. Coastal 

properties and sho res are at a greater risk of exposure 

to the damaging effects of waves, particular ly during 

tropical cyclones. The loss of shoreline and greater 

damage by storm surges can cost human comm un it ies 

millions of do llars to repair. This is why many 

communities are creating artificial reefs. In addition to 

increasing biodiversity and ecologica l stab il ity, artificia l 

reefs provide many of the other benefi ts of healthy 

coral reefs . Artificial reefs help reduce wave energy 

and height, behaving as a submerged breakwater. This 

protects anchorages and boats from damage, and 

shorelines from erosion. 

Art ificial reefs are human-made st ru ctures designed 

to recreate a coral ecosystem. Typica lly these reefs are 

II 
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placed in areas that do not have an appropriate substrate 

for larval attachment. Many different aterials have been 

used to create artificial reefs, includin~ specially designed 

non-toxic concrete, sacks filled with s nd, stone blocks 

and even sunken ships . Figure 5.8 illu trates one type of 

artificial reef: the reef ball. The USS 0 'skany, a retired 

aircraft carrier, was sunk off the Panh ndle of Florida with 

the intention of creating an artificial r ef in 2006. The ship 

was overhauled to ensure no toxins (for example paints 

or oils) would seep from it into them rine environment. 

Since its sinking, the Oriskany has become a popular d iving 

location to see reef fish. 

Anchorage: [boats) the portion of a harbour or estuary used 

for ships to anchor; [organisms) location on a substrate 

where a sessi le organism attaches and lives 

Artificial reef: an artificial underwater structure built to 

mimic the characteristics of a natural reef 

Figure 5.8. Commercia lly available 

Artificial reefs provide a physical stru 

sponges and algae to colon ise. Once hese sessile anima ls 

have become attached and begun to colonise, many 

different species of fish are attracted o the area. After 

severa l years, it shou ld be impossible to tell that the reef 

was once an artificial construct, it wil so closely resemble 

a genuine coral reef. At the Cancun U derwater Museum in 

Mexico, British artist Jason de Caires aylor has created an 

art instal lation with more than 400 soulptures of humans 

designed to become artificial reefs. El en as these artificial 

reef scu lptures are co lon1sed, they may reta in some of their 

original identity. 

I 
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PRACTICAL ACTIVITY 5.1 

The effect of acidity on calcium carbonate 

Apparatus 

12 small limestone rocks per group 

• 3 x 500 cm 3 beakers 

• pH paper or other pH testing device 

• Water, preferably distilled water 

• Acetic acid (vinegar) 

• Sodium hydrogencarbonate (baking soda) 

• Scale 

Method 

Rinse all the rocks until all dust is removed. Allow to dry. 

• Place 240 cm3 of vinegar in one 500 cm3 beaker. 

• Test the acidity of the solution using pH paper. Record 
the acidity level. 

• Add water to the vinega r until the pH is between 4 and 5. 

• Place 240 cm3 of vinegar in a second 500 cm3 beaker. 

• Add small amounts of sod ium hydrogencarbonate until 
the pH is between 8 and 9. 

• Place 400 cm3 of water in the third 500 cm3 beaker. 

• Divide the dried limestone rocks into three groups. 

• Weigh the total mass of each group and record the 
resu lts. 

vinegar 

sodium hydrogencarbonate 

Table 5.1. Results table for effect of pH on calcium carbonate. 

5.6 Reconstructing the history 
of coral reefs 
Using what we now know about the geomorphology of 

co ral reef st ru ctures, scientists are able to determine 

a reef's age and history with modern techniques. Of 

prima ry interest to these sc ient ists are changes in species 

composition and growth patterns of the reef. The evidence 

gained from these techn iques helps us understand the 

Earth's geological and cl imatological history in order to 

• Place one group of weighed rocks into each beaker. 

• Leave the mixtures overnight. 

• After 24 h, remove the rocks from each solution, rinse and 
dry them but keep the three groups separated. Weigh 
each group again. 

Results and analysis 

Copy Table 5.1 and enter your data. Calcu ate the percentage 
difference between the initial mass and the second mass for 
each group of rocks. 

final- initial 
----x 100 =percent difference 

initial 

Generate an appropriate graph of the results. Decide 
whether you should have a bar graph or a line graph. 

Conclusions 

1 What is the independent variable in this study? What is 
the dependent variable? 

2 Is there a control present? If so, which mixture 
represents the control? 

3 Compare your data with other peoplE's data. Are there 
similarities or trends in the data? What are they? 

4 How does this information relate to coral reefs? 

better predict the results of modern-day climate change 

through modelling. 

Deep drilling of coral reefs is designed l!o provide 

cylindrical cores of calcium carbonate nd biological 

material. Scientists use specialised eq 1pment to drill into 

the cores and remove long cylinders of the coral skeleton 

intact (Figure 5.9), making these cores n excellent timeline 

of coral growth. The cores are analysed to determine 

the history of species that existed on a eef and estimate 
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(b) 

Figure 5.9. (a) Coral scientists use a pneumatic drill to remove a cylinder of past coral; (b) a drawing of core sample labelled 

to show the horizontal growth lines. 

the reef's approximate growth rate. Like a tree, corals 

continually grow outwards, so when a core of a cora l reef 

is taken, scientists can see 'bands' of growth: layers of 

calcium carbonate laid down by the different generations 

of polyps through time. The width of these bands is 

dependent on water temperature, nutrient availability 

and other environmental conditions. Using information 

from deep drilling, scientists can generate hypotheses and 

correlations relating growth and environmental conditions 

of the past. 

Radiocarbon dating: a process used to estimate the age of 

organic material by measuring the radioactivity of its carbon 

content (also called carbon dating) 

Radiocarbon dating, also referred to as carbon dating or 

carbon-14 dating, is another method used to analyse the 

history of coral reefs. Carbon dating determines the age 

of organic materials by comparing the proportions of the 
radioactive isotope of carbon (14 C) with the non-radioactive 

form of the carbon element (12C). The technique relies on 

biomass being passed through food webs. 

Radiocarbon (14C) is being continuously created within 

our atmosphere when ultraviolet (UV) rays interact with 

atmospheric nitrogen . Once created, the 14C joins with 

oxygen to create a radioactive form of carbon dioxide 

capable of diffusing into the ocean. When producers (for 

example zooxanthellae) photosynthesise, they take up 

carbon from the surrounding environment, including 

the radioactive carbon. After photosynthesis, the 

zooxanthellae pass the newly made organic materials 

containing 14C to the coral host. The oral polyps can 

then use this 14C to create calcium ca bonate in order 

to build their skeleton framework. OI)Ce the carbon has 

been deposited, it begins to go through radioactive decay, 

reducing the amount of 14C present i~, the sample. The half­

life of 14C is 5730 years, which means t hat every 5730 years 

half of the 14C in the sample will have decayed. Using th is 

information, it has been determined hat carbon dating 

can be successfully used on samples 50 000 years old or 

younger (Figure 5.10). 
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Figure 5.10. Graph of the deca~ of carbon-14. 

Carbon dating allows coral scientists to judge accurately 

the age of a particu lar reef or place o a reef. Because the 

growth of cora l is part icularly depenaent on the avai labili ty 

of light for rapid growth, scientists k ow that most hard 

corals prefer to be with in 20m of the ocean surface. 

However, in places li ke Bikini Atoll , fo sil corals have been 

found in waters more than 1200 m d1ep. Using carbon 

dating and deep drilling, scientists have been able to show 

that the coral polyps grow slowly in layer after layer on top 
of older pieces of the reef, cont inuously growing vertica lly 

I 
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over the cou rse of hundreds of thousands of years. This 

evidence supports the t heory that the ini t ial substrate of 

the cora l co lony must have slowly been sinking from it s 

original location close to the su rface. This sinking of the 

seabed is called subsidence and t he Darwin- Da na- Daly 

theory of ato ll fo rmat ion is reliant on the idea t hat ocean 

volcanoes can sink. 

Subsidence: sinking of land 

Sea-level ri se and fall is anot her phenomenon that cora l 

reefs have to survive. During interglacial periods, when 

the ice caps are melting, sea-levels tend to be higher than 

during ice ages. Th is is because, during an ice age, the 

co ld weather freezes the ocean water, locking it in ice and 
reducing the overal l depth of the ocea n. When sea -levels 

are high, cora l reefs must grow vert ica lly to remain with in 

20m of the su rface for the best light. When sea- levels 

Radiocarbon dating 

drop, however, the cora l reef is exposed to air and dies. 

The best evidence of these changes in sea-level is present 

in foss ilised corals that occur above sea -level. Severa l 

fossi lised corals have been examined recently in Mexico. 

Scient ists were able to correlate the gr wth and death of 

these corals with the sea- level changes between ice ages. 

5 Describe the major factors leading to reef erosion. 

6 Exp lain the role of artificial reefs in the preservation 

of shorelines. 

7 Suggest a reason why surfers at popular surfing 

locations may protest against the installation of an 

artificial reef designed to protect the shoreline. 

8 How are modern scientists using carbon dating 
and deep drilling to support early theories like the 

Darwin -Dana-Daly theory of atoll formation? 

As discussed in this chapter, scientists routinely use carbon dating to determine the age of coral 
reefs and other organic materials. This information can then be analysed to estimate changes in sea­
level or subsidence of the seabed. In order to begin this process, scientists need a few key pieces of 
information: 

14C decays at a constant rate once the organism has died 
14C has a half-life of 5730 years, meaning that for every 5730 years, half of the remaining sample of 14C 
has decayed. 

o e exa pl 
If a coral sample has 100 g of 14C when the organism dies, then after 5730 years the sample will only 
contain 50 g of 14C. After another 5730 years pass, there will only be 25 g of 14C remaining. This 
pattern will continue until there is only a tiny amount of 14C remaining in the sample. So, using N0 

to represent the original amount of 14C within a sample, you can determine the amount left after 
multiple half-lives have passed. 

To determine one half-life:_!_ x N 0 =No 
2 2 

. 1 5000 
Assummg 5000 g for N0, that means: - x 5000 = -- = 2500 g 

2 2 

1 1 ( 1 )
2 

N To determine two half-lives: - x- x N 0 = - x N 0 = - 0 

2 2 2 4 

. 1 1 ( 1 )
2 

5000 Assummg 5000 g for N0, that means: - x- x 5000 = - x 5000 = - - = 1250 g 
2 2 2 4 
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half-lives that have I years from I perce_nt_age of original 1 'C I amount of original ''C 
passed present remammg remaining I g 

0 0 100 5000 

1 5730 50 2500 

2 25 1250 

3 

4 

5 

6 

Tab le 5.2. Half- life of 14C. 

ues 
1 Using the information, complete Table 5.2. 

2 Generate a line graph with an appropriate scale showing the relationship between 'years 
from present' and 'percentage of original 14C remaining'. Make sure to place your data on the 
appropriate axes. 

3 As a coral scientist, you have recently been sent a core sample from the Great Barrier Reef in 
Australia. Comparing the oldest portion of the coral sample with the newest, you discover that 

L the oldest pieces of coral contain only 60% of the 14C contained in the modern sample. Using that 
information, estimate how old this portion of the reef is and discuss your reasoning. 

-----------------------' 

The coral animal is unique in its ability to create colonies 
that span thousands of years and generations, and create 
geological structures inhabited by thousands of other 
organisms. 

These structures can take the form of a fringing reef, barrier 
reef or atoll. 

Regardless of type, coral reefs increase the biodiversity on 
our planet and health of our oceans. 

Coral reefs provide many benefits to our coastlines, which 
are easily disturbed when the reef begins to suffer from 
erosion. 

Using technology, scientists are now able to study coral reefs 
as historical records of climate change and sea-level rise. 

These characteristics make coral reef ecosystems vital to our 
planet's future. 

I 
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Exam-style questions 

1 a Describe each of the following reef types: 

Fringing reef 

ii Barrier reef 

iii Atoll 

b Outline the Darwin-Dana- Daly theory of atoll formation. 

[2] 

[2] 

[2] 

[4] 

[Total mark: 10] 

2 a List and describe three reasons why artificial reefs are beneficial to sh relines. [6] 

b In order to determine the best placement for artificial reefs, developers must take 

certain physical factors into consideration. Explain which factors are ost important 

when determining placement of a coral reef for healthy growth . [6] 

c Most artificial reefs are now constructed from a pH neutral cement m1terial. Explain 

why scientists prefer this material to old truck tyres, abandoned plane;; and ships. [4] 

[Total mark: 16] 

3 A survey was taken in 2000 of the percentage of coral cover in the Florida Keys of Islamorada 

and Key West. Another survey was taken in 2005 to determine coral cover 9fter the 2004 

hurricane season, and again in 2010. The results of these studies are show1 in Table 5.3. 

year~ 

2000 62 60 

2005 43 35 

2010 57 42 

Tab le 5.3. Percentage of coral cover in the Florida Keys of 

Islamorada and Key West . 

a Using the data in Table 5.3, compare the coral cover of both locations 

between 2000 and 2010. [2] 

b Calculate the percentage increase in coral coverage between 2005 an 2010. 

Show your working. [2] 

c Suggest two reasons why the corals in Key West are not recovering as quickly 

as those in Islamorada. [2) 

[Total mark: 6] 
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4 a Describe the re lationsh ips shared by the following pai rs of organisrl]r 

Coral polyps and zooxanthellae. 

ii Butterflyfish and coral polyps 

b Explain how parrotfish lead to reef erosion . 

[2] 

[2] 

[3] 

[Total mark: 7] 

5 a Describe how increased ca rbon dioxide in ou r atmosphere is re late to ocean 

b 

acidification . ~ [3] 

positive and negative impacts on coral growth. [4] 
Explain how limiting nutrients, such as nitrogen and phosphorus, cl n have both 

c Suggest one reason why coral reefs are not usua lly found in upwelli g areas. [1] 

[Total mark: 8] 

Crown-of-thorns starfish on Indo-Pacific reefs 
The crown-of-thorns starfish (Acanthaster planci) is a naturally occurring venomous predator found on 
coral reefs in the Indo-Pacific Ocean. This predator is an important part of the food web on these reefs. 
On healthy reefs, it tends to feed on only the fastest growing corals, such as staghorn and plate coral 1. It 
may seem that any coral predation is negative, but by feeding on these fast-growing corals, the crow -of­
thorns starfish provides a mechanism for the slower growing coral species to develop into well-estab 

1
ished 

colonies. This increases the coral biodiversity on the reef, which in turn provides more niches for ot er 
organisms to occupy, increasing the overall biodiversity of a reef. 

However, the crown-of-thorns starfish has got a bad reputation as a destroyer of reefs because of sev1,al 
'outbreaks' that have occurred in the last 50 years . Not everyone agrees on how to define an 'outbrea~ ' of 
crown-of-thorns starfish. Although, one easy-to -use definition comes from the Great Barrier Reef Marine 
Park Authority. According to them, when there is a high level of coral cover, 'an outbreak is conside 1 ed 
to have occurred when there is roughly more than 15 starfish per hectare'. Outbreaks of crown-of-th rns 
starfish have been cited as one of the most significant threats to the Great Barrier Reef. An outbreak lnay 
last over a decade as the crown-of-thorns starfish spread along the reef southwards. 

Causes of outbreaks 
Many studies have been conducted to determine what causes these outbreaks and it seems that multiple 
factors are involved before an outbreak occurs. Large female crown-of-thorns starfish are capable of I 
producing up to 65 million eggs during the spawning season, but this is not unusual for invertebrate . 
Therefore, other causes must have a role in an outbreak. Initially, there needs to be an overall increase 
in certain limiting nutrients, particularly nitrogen and phosphorus, in the ecosystem. Generally, an 
increase in these nutrients is seen when fertiliser used on land is washed into the sea as run-off. When 
these nutrient levels are high, phytoplankton blooms provide more food for crown-of-thorns starfis 
larvae. As more larvae are well-sustained in this juvenile stage, an unusual number oflarvae settle and 
metamorphose to become adult crown-of-thorns starfish. 

I 
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I However, as larvae and adults, crown-of-thorns starfish have natural predators. So, a second factor tha 
must come into play for an outbreak to occur is a reduction in crown-of-thorns starfish predators. Not 
much is known about the larval predators, although many scientists hypothesise that corals themselves 
are the best predators oflarval crown-of-thorns starfish. Adults are preyed on by giant triton snails 
(Figure 5.11), humphead Maori wrasse, starry pufferfish and titan triggerfish. When these animals are 
over-fished for either food or aquaria, then the reef can easily become overwhelmed by too many starfish. 

Figure 5.11. A giant triton snail attacks while a crown-of-thorns starfish tries to dine on a piece of 

the coral reef. 

On the Great Barrier Reef, and elsewhere, it appears that outbreaks of crown-of-thorns starfish happen 
cyclically. According to the Great Barrier Reef Marine Park Authority, outbreaks happen approximately 
every 15-17 years, with the latest outbreak occurring in 2010. There have been four major outbreaks on he 
Great Barrier Reef since the 1960s, and the crown-of-thorns starfish are probably responsible for up to 6% 
of the coral damage, making the crown-of-thorns starfish the greatest cause of coral damage on the Great 
Barrier Reef. 

Questions 

1 Outline the causes of crown-of-thorns starfish outbreaks. 

2 Describe how a loss of coral through reef erosion during a tropical cyclone may lead to an outbrea of 
crown-of-thorns starfish. 

3 Explain how poor fishing practices and waste management are contributing factors to outbreaks o 
these starfish. 

4 Explain when and how crown-of-thorns starfish can be beneficial to the coral reef ecosystem. 



Learning outcomes 
By the end of this chapter, you should be able to: 

explain and provide evidence supporting the theory of plate tectonics 

demonstrate ho111; tectonic processes produce features along the ocean floor, such as trenches, mid-ocean 

ridges, hydrothermal vents, abyssal plains and volcanoes 

demonstrate how tectonic processes create natural disasters such as volcanic eruptions, earthquakes and 

tsunamis 

explain why pressurised, hot, nutrient-rich water arises from hydrothermal vents 

explain the process and effects of isostasy 

describe how erosion and sedimentation create the different habitats found within the littoral zone, 

including estuaries, deltas, and rocky, sandy and muddy shores 

explain how the physical environment influences littoral communities, including mangrove forests 

apply what you have learnt to new, unfamiliar contexts. 
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The shore is where people fi rst fall in love with the sea . 

Coastal environments are some of the most studied 

marine environments worldwide, because t hey are easily 

accessib le for sc ientists interested in the biodiversity of 
our oceans. Conducting studies and experiments on the 

coast is easy because you need no special equ ipment to 

get there and it is easy to return to the sa me spot to repeat 

surveys. A love of the coast is not rest ricted to scient ists, 

however: whenever you spend a su nny day relax ing at the 

beach, you are enjoying a smal l piece of the litto ral zone. 

Whi le scient ists may have started by studying the sea from 

dry land, they soon wanted to know what lies below the 

large bodies of water that dominate ou r planet. Images 

of the Kra ken and ot her sea monsters swam through t he 

minds of many sa ilors for thousa nds of years, as they 

wondered what rea lly lay below the keels of thei r ships. 

6.2 Plate tectonics 
The hi~tory behi~d the theory of plate 
tectOniCS 
In 1912, a German scientist named Alfred Wegener 

proposed an unusual theo ry regarding our planet to 
the geologists of his day. Wegener based his theory on 

evidence from mult i pte disciplines of science, such as 
geology and palaeon ~~ logy. While looking at studies 

performed by others 
1 
ientists, Wegener realised that 

identical fossi lised pl ~ nts and animals had been found on 

the coasts of differen ~l continents sepa rated by oceans. 

When comparing geo ogical structures (for example 

mountains) between 
1 
ontinents, he found evidence that 

the rock layers in Sou 
1
h Africa match those in Brazil. 

Between Europe and orth America, he discovered 

that the structure oft e Appa lach ian Mountains in the 
I 

United States closely atches that of the mounta ins in 

the West Highlands o Scotland . Wegener then argued 

that the shape of the l oastli nes with matching geological 
features- South Ame 

1
ica and Africa, North America and 

Europe- fit together'~ fj.ke pieces of a jigsaw puzzle. Using 
these observat ions, ~ ~1egener developed his theory of 
continental drift. TnJs theory claims that, more than 300 

million years ago, all tr e continents on Earth were joined 

as a single landmass Wegener named Pangea . Over t he 

Unfortu nately for t hose seafarers; it was not until the 

20th centu ry that technology became advanced enough 

to allow us to see what lies on the seabed, even though 
the technology used to exp lore the seabed was actually 

designed with another purpose in mind . 

During the Second World War, many countries needed to 

be able to detect enemy submarines in the ocean . New 

techno logy was needed to make this possible, and that 

is why SONAR (a n acronym for sound navigat ion and 
r anging) was invented . SONAR enables scientists to map 

the ocean floor, and some amazing discoveries have been 
made using SONAR data . Instead of flat, barren plains 

stretch ing from shore to shore, scient ists found mountain 

ranges dividing oceans in half and trenches sinking deeper 

than the highest mounta ins. This technology, fo llowed 

quick ly by SCUBA (self-conta ined underwater b reath ing 

apparatus), has been used for stud ies throughout the 

oceans, changing preconceived notions and providi ng 

evidence for new t heories about the geology of our planet. 

course of millions of years, Pangea began to sp lit and its 

pieces have been slowly moving further and further away 

from each other since then . 

Unfortunately for Wegener, his theory was not well 

received. In spite of the evidence he presented, his peers 

were not convinced that continental drift was happening 

or had ever happened. This was partly because Wegener 

did not suggest a clear mechanism by which continents 

moved. He proposed continents ploughed through the 

oceanic crust as an iceberg moves through water. Other 

scientists pointed out that this would change the shape 

of the continents, refuting the evidence Wegener was 

re lying on to support his theory. Scientists at the time 

insisted on the idea of non-moving continents with long­

gone land bridges for animals and plants to cross. It was 

another 50 years before other scientists were able to 

discover enough evidence to determine what was really 

happen ing. This evidence led them to new discoveries 

in the fields of geo logy, morphology and ecology of 

the oceans. 

Continental drift: a theory supporting the possibility that 

continents are able to move over Earth's surface 



Plate tectonics: the process where large sections ('plates') 

of the Earth's crust are in constant movement over the fluid 

mantle, causing ea -thquakes and volcanoes at the borders 

between the plates 

Lithosphere: the outermost layer of the Earth's crust 

Asthenosphere: a nearly liquid layer made of the 

uppermost part of the mantle 

Mantle: a region d molten rock within the interior of the 

Earth, between the core and the crust 

The theory of pilate tectonics 
In the 1960s, the co ~tinental drift theory was revised as 

new evidence came, to light. The revised theory included a 

mechanism for ho,
1
the continents were actually moving 

across the surface gr our planet, a factor missing from 

Wegener's original theory. The new theory- the theory of 

plate tectonics - s~ggests that the outermost layer of the 
Earth's crust, the lithosphere, is made up of many different 

plates called tectonj c plates. Each of these plates floats 
independently on t e nearly liquid asthenosphere, a layer 

made of the upper .1 ost part of the mantle (Figure 6.1). 

Figure 6.1. A diagra m of the Ea rt h's inte rior. 

lithosphere 
(crust and 
uppermost 
solid mantle) 

Evidence supp~rting the theory of plate 
tectonics 
Seabed spreadin 

Many lines of evide~ ce supporting plate tectonics have 

been discovered b~ scientists since the theory was first 

proposed. The co~~epts used by Wegener to support 

continental drift, of coastlines 'fitting' together and fossils 

being spread over rr ultiple continents, also support the 

theory of plate tect~ nics . However, after the invention of 
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SONAR, new evidence of plate boundaries came to light on 

the bottom of the ocean . 

The data collected wh ile looking for submarines showed 

mountains and trenches lin ing the edges of plate 

boundaries . These geo logical features created a clear 

map of where the tectonic plates li ne up. Marie Tharp, a 

geo logist and oceanic cartographer, and her partner Bruce 

Heezen, a geologist, co llaborated for 20 years to co llect 

ocean floor mapping data in order to create an accurate, 

sc ient ific map of the seabed. This map (Figure 6.2), called 

the World Ocean Floor, revolutionised Earth science 
after its publication in 1977, because of the prominent 

presence of the mid-ocean ridge. This map is responsible 

for convincing many scientists to accept the theory of plate 

tectonics and seabed spreading. 

Figure 6.2. Th e World Ocean Floor by Marie Tharp and 

Bruce C. Heezen. 

Magnetic polarity reversal 

More evidence supporting the theo ry of plate tecton ics 

was discovered after the Second World War had ended. 

Scientists began studying magnetism on the ocean floor 

using magnetometers created to locate submarines during 

the war, as SONAR had been . The evidence they found 

surp rised them . The magnetic field of the ocean floor 

was laid out in alternating st ripes of normal polarity and 

reversed polarity. 

The fact that the ocea n fl oor was magnetic was not t he 

surprise. Sai lors had known for more than 100 yea rs that 

the basalt ic rocks lining the ocean floor were magnetic. 

It was the striped pat te rn that was unexpected. Fu rther 

resea rch showed that the st riped pattern had an origin 

around the mid-ocean ri dges, where the crust is weakest 

and magma often pushes through (Figure 6.3). Th is magma 

held the explanation. 

I 
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- ---- oldefi- ridge -older ----• 

Figure 6.3. Seabed spreading and magnetic reversal. 

Basaltic rocks, the ty~e commonly found on the seabed, 
are an example of an igneous rock. Igneous rocks are 

created when molten ~agma from a vo lcanic erupt ion 

cools and hardens. Wif:hin igneous rocks is a naturally 
magnetic iron material ca lled magnetite, which is why 

basalt is magnetic. w1en molten magma first reaches 

the Earth's surface, thk particles of magnetite within it 

align wit h the Earth's f agnetic field. Once the magma 

begins to harden, the fagnetite is locked in place, 
holding information about the Earth's magnetic field 

at the t ime the rock w~s formed . Scientists have found 
that the Earth's magn~tic field reverses on average every 

250 000 years, c hangi ~g magnetic north to magnetic 

south. This information, when app lied to the ocean f loor, 
provides unique evidehce in support of t he theory of plate 
tectonics. 

At divergent boundaries, where mid-ocean ridges form, ,, 

sc ient ists now know the seabed is spread ing because of 

magma rising from th V mantle and hardening into igneous 

rocks. When the mag1etic properties of the rocks at these 

boundaries were mea~ured, scientists confirmed that 

II 

the rocks lay in alternating stripes of magnetic polarity 
radiating away from the boundary in paralle l lines. These 

stripes differed in w idth based on the length of t ime 

between each reversa l, providing the strongest evidence in 

support of seabed spreading and plate tectonics. 

1 Compare the theory of continental drift with the 

theory of plate tecton ics . 

2 List the major lines of evidence for the theory of 

plate tecton ics. 

6.3 Plate boundaries 
In order for lithospheric (tectonic) plates to move, the 

asthenosphere must be moving as well. This movement 

is caused by convection currents with in the mantle. 

Convection currents happen when the molten rock of 

the mantle moves because of density changes in the rock 

caused by temperature differences. In other words, as 

the molten rock is heated, it becomes less dense as the 

molecules spread out. The less dense rock moves upwards 

in the mantle towards the crust in order to float on top of 
the denser rock. Then, as the rock begins to cool, it begins 

to sink towards the warmer core. This forms a circular cell 

of flow ing molten rock capable of moving the lithospheric 

plate lying on top of it. Because the plates are heavy and 
the convection currents in the asthenosphere move so 

slowly, the plates move on ly 2-5 em year-1 However, 

even this small movement causes the plates to meet 

and form three types of boundary: convergent, divergent 

and transform . Each boundary type has identifiable 

characteristics and geologica l features (Figure 6.4). 

Convection current: the movement of fluids or air based on density differences caused by differing temperature 

Convergent bounda1•y: when two or more tectonic plates come together 

Subduction: the process where one lithospheric plate slides below another at a convergent plate boundary 

Trench: a long, narrow and deep depression on the ocean floor with relatively steep sides, caused by convergent plate boundaries 

Volcano: a mountain or hill with a crater or vent through which lava, rock fragments, hot vapour and gas are being forced from the 
Earth's crust 

Earthquake: a sudden release of energy inside the Earth that creates seismic waves usually caused by movement of tectonic plates or 
volcanic activity 

Tsunami: a seismic sea wave created by an underwater earthquake or volcanic event, not noticeable in the open ocean but building to 
great heights in shallow water 
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Figure 6.4. Visual re r resentation of plate boundaries and their features. 
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Convergent bo~ndaries and their features 
Convergent boundaries form when two tectonic plates 

are moving toward~ each other. These boundaries form 

subduction zones 
1 

here one plate, typically a denser 

oceanic plate, slide underneath the other, less dense, 
I 

continental plate. T ese areas are known as destructive 

zones. This is beca 
1 

se, as the denser oceanic plate slides 
I 

below the continen al plate, it is destroyed by the heat 
ofthe asthenosph~e and returns to the molten mantle. 
Common features j long subduction zones are trenches, 
volcanoes, earthquakes and tsunamis. 

k 

Trenches are long, 7arrow, deep canyons in the seabed. 

Trenches only occulr at subduction zones withi n 

convergent bound1ries. The deepest part of the ocean, 

Challenger Deep, e~ ists within the Marianas Trench in the 

western Pacific Ocean. Challenger Deep is 11 033 m deep, 
II 

which is deeper thr Mount Everest is tall (8848 m). 

A volcano is forme~ when an opening in the Earth's crust 

allows gases and ± lten rock to escape from the mantle. 
Volcanoes that rise Iabove sea -level form new islands 

like those in the Hal
1 

aiian and Philippines arch ipelagos. 

However, many volta noes are located under the ocean's 

surface, creating nj w seabed when the magma cools after 
erupting. Of these nderwater volcanoes, most lie along 

the convergent pia e boundaries surrounding the Pacific 

Ocean. Together, t ey create what is known as the Ring of 

Fire (Figure 6.5). Th f areas that border the Ring of Fire are 

hotspots for vo lcanic and seismic activity. Volca noes can 

also be found at divergent boundaries and areas where the 

crust is very thin. 

Earthquakes occur after there has been a sudden release of 

energy from the movement of the Earth's crust. When two 

plates are moving past each other, at either a convergent 

or transform boundary, they may get stuck. When this 
happens, the pressure for them to move bui lds and bu ilds 
until movement finally happens, releasing stored potential 

energy in a sudden burst. This burst of energy releases 

seismic waves that move through the lithosphere making 

everything on top of the crust shake. Volcanoes are also 

capable of causing an earthquake when they release 

enormous amounts of energy during an eruption. 

Sudden releases of energy on the seabed, either through 

an earthquake or a volcanic eruption, can lead to 

tsunamis. Tsunamis are long-wavelength, high-energy 

waves created by seism ic activity. When an earthquake 

releases its stored energy on the seabed, it moves all the 

water lying above. The water holds on to th is energy and 

moves very quickly but unnoticeably through deep ocean 

water. However, as the tsunam i reaches shallow, coastal 

waters, the wave slows down and grows exponentially in 

height. These large, high-energy waves can be incredib ly 

destructive. Tsunamis are sometimes called 'tidal waves' 

but this is inaccurate because the tides have noth ing to do 

with the creation of tsunamis. 

I 
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I Figure 6.5. The Pacific 1Ring of Fire with tectonic plate movement. 

Divergent bound~ries and their 
features : 

I 

Divergent boundaries are areas where the tectonic 

plates are moving awAy from each other and allowing 
Jl molten magma from }he mantle to push through to the 

crust. These areas are
1
considered to be constructive 

zones. As the magma, driven by convect ion currents, 

pushes through the open ing in the crust, it spreads out 

and solid ifies in the c~ ld ocean waters at the bottom 

of the sea. The new ro~cks created through this process 

eventually build up a ~ d form underwater mountain 
ranges called mid-ocr an ridges. As these mid -ocean 

ridges cont inue to bui~d new crust, there is an eventual 

movement away from
11

the divergent boundary, causing 

seabed spreading. Seft bed spreading helps to move 

tectonic plates towar~s convergent boundaries on the 

opposi te side of the planet. This process, over the course 
.II 

of millions of years, is !responsible for a shr inking Pacific 

Ocean and growing Attlantic Ocean. Located with in 

these mid -ocean ridg~s are volcanoes and hydrothermal 

vents, which are discu
1
ssed in further detail later in 

this chapter. 

Divergent boundary: where two tectonic plates are moving 

away from each other 

Mid-ocean ridge: a mountain range with a central valley 

on an ocean floor at the boundary between two diverging 

tectonic plates, where new crust forms from upwelling 

magma 

Transform boundary: when two plates are moving in an 

anti parallel direction, creating friction between them 

Abyssal plain: a flat, sandy region of the ocean floor found 

between trenches and the continental rise 

Transform boundaries and their features 
Transform boundaries are areas where two plates 

slide latera lly next to each other. No crust is created or 

destroyed at transform boundaries. However, transform 

boundaries are areas of great seismic activity. The 

increased friction between plates at these boundaries 

causes small cracks called faults to form. The pressure 

that builds up in these fault lines can lead to ea rthquakes 

and tsunamis. The most common ocean feature found 



along transform bo:Lndaries are abyssal plains, which are 

discussed in the seb ion on the seabed. 

3 Describe how tsunamis are formed . 

4 How are divergent and convergent boundaries 

related to t he rock cycle? 

Hydrothermal vent: an area where cold ocean water 

that has seeped into the Earth's crust is superheated by 

underlying magma and forced through vents in the ocean 

floor 

6.4 Hydrotliermal vents 
Hydrothermal vert systems were discovered in 1977 along 

the Galapagos Rift i I the Pacific Ocean by scientists from 

Woods Hole Ocean ' graphic Institute (WHOI) using the deep 

sea submersible A/ n. Hydrothermal vents (Figure 6.6) occur 

in deep ocean wate 
1
, usually 2000 m or more below sea-level, 

with in mid-ocean ri ge systems. At this depth, the pressure is 

over 200 atmosphe;
1
es and there is no light. These are unique 

circumstances for tile development of an ecosystem. 

sea 
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Figure 6.6. A hydrothermal vent along the Juan de Fuca 

Ridge in the northern Pacific Ocean. 

Hyd rothermal vents are formed when cold ocean water 

seeps through cracks in the thin crust surrounding 

divergent boundaries (Figure 6.7). As the water moves 

through the crust to an area directly over a magma 

chamber, it dissolves minerals (for example iron, copper 

and zinc sulfides) from the rocks, turning it black. Once 

heated by the magma, the water reaches temperatures 

well over 100 oc but never boils because of the extreme 

pressure in the region. This superheated water then 

escapes the crust through a fissure above. 

~- dark cloud of hot 
mineral -rich water 

~'------------- hydrothermal vent 

2-3° c 

invertebrate 
animal community 

\ 

near freezing water seeps 
throu(Jh cracks in Earth's 
crust dissolving minerals 
as it goes 

1 

- - - --------- as water cools, minerals precipitate out of 
solution forming the chimney structure 

sea floor 

--:---- 350 oc contour 

I 
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As the superheated water meets the near freezing water 

on the ocean floor it begins to cool . As the water cools, 

the minerals precipita~e out of solution . This means the 

minerals form solids, ~hich settle near the fissure, piling 

on top of each other. This forms a chimney, or ve nt, for 

the superheated water that can be up to 60 m high. These 

hydrothermal vents release water at temperatures over 

350 oc. They are often referred to as 'black smokers' 

because of the black sr oke-like look the water has as it 

escapes from the chimney. The chemica ls contained in the 

water are the basis for energy capture, chemosynthesis, in 

these dark waters (see Chapter 2). 

5 Why do you think it took untill977 for scientists to 

discover hydrothermal vents? 

6 Would you describe this environment as extreme? 

Why or why not? 

continental slope 

2000 to 3000 m 

4000 to 6000 m 

10000 m 

Figure 6.8. Diagram of t he seabed, not drawn to scale. 

6.5 Seabed 
The ocean floor is divided into specific regions based 

on physical structure and location. The continental 
margin comprises approximately 28% of the ocean 

floor. This region of the ocean floor divides the thin, 

but dense, oceanic crust from the thicker, less dense, 

continental crust located at the edge of continents. 

With in the continental margin are three distinct zones 

(Figure 6.8). 

• The continental shelf is the flat, shallow area 

extend ing from the shore to the continenta l slope. Th is 

area tends to be featureless because of the deposition 

of sediments as a result of wave action. The average 

w idth of continental shelves is 70 km, but they range 

from 20 km to 1500 km. The w idest continental shelves 

happen in areas where there is little tectonic action 

tak ing place. 

• The continental slope begins where the continental 

shelf ends. This region is a fairly steep area of the 

sea surface 

volcanic island 

mid-ocean ridge 

oceanic trench 



seabed that des~ends into the ocean basins. This area is 
even steeper wh

1
( n located nea r a convergent boundary 

because of the wesence of trenches. 
II 

• The continenta l rise is a narrow edge to the 
cont inental slop 1~ connecting the continental slope to 

the seabed . 

Continental mar1!~in: the submerged area next to a 

continent, which includes the continental shelf, continental 

slope and continental rise 

Continental shelf: a gently sloping surface that extends 

from the low tide line to the continental slope, typically 

where a great deal of sand deposits 

Continental slop 1~ : a relatively steep sloping surface 

between the continental shelf and the continental rise 

Continental rise: a gently sloping surface at the base of the 

continental slope where sand deposits 

Lea ding from the continenta l rise are incredib ly flat areas 

of the ocean floor ~ailed abyssa l plains. These areas are 
located at depths 8etween 3000 and 6000 m below sea­

level and can typic~ lly be found between the continental 

rise and a mid -ocean ridge. Abyssal plains make up more 

than 50% of the Et th's tota l surface area. This flat plain is 
fo rmed when the neven, rocky surface of the seabed is 

slowly covered ins 
1 
nd and decomposing organ ic matter 

that sinks to the bdttom of the ocean . 

6.6 Isostasy 
The term isostasJ

1 
means 'weigh ing the same'. In geology, 

isostasy re fers to t~ e buoyancy of different rock layers 
as they float on otner layers. The buoyancy of each rock 

type is determined by its density and thickness . This 

concept explains why the Earth's crust is able to f loat on 

the denser moltenh ck of the mantle the way an ice cube 

floats in a glass of r ater. Figu re 6.9 shows t his process 

in stages. 

Isostasy: a process similar to buoyancy but related to the 

Earth's crust floating on the flexible mantle 
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Figure 6.9. Process of isostasy and how shallow seas are 

formed. 

Isostasy allows scient ists to create a model of the Ea rth 

represen t ing the way each rock layer floats on the 

underlying mantle. Ta ble 6.1 shows the approximate 

densities of the Earth's rock layers for reference. Both 

cont inental crust and oceanic crust float on the mant le 

because they have a lower density than the rock in t he 

mant le. However, the continental crust tends to f loat 

higher on the mantle than the oceanic crust. This is 

because, even though the continental crust is a thicker 

layer of rock, its density is lower than that of oceanic crust. 

I 
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layer I density I g cm·3 

continental crust 

' 
2.7-3.0 

sediments on 2.4 
continental shelf 

oceanic crust ' 3.0- 3.3 

mantle 3.3-5.7 

Table 6.1. Densities of tihe Earth's rock layers. 
II 

During the last ice age much of the planet's ocean 
water was frozen as ic-~, lowering sea-levels worldwide. 

These lower sea-level ~ meant that most, if not all, of 

the continental shelf !gions were above water at the 
time. Now that these • reas are back under water, they 

form the base of shall w seas at the outermost edge 
I 

of continents. Remerljber, the continental shelf is a 

relatively shallow area of the ocean covered in sediments 

as a result of the erosip n of rocks on the continents. 

The depth of water in ~hese areas is controlled by 

two factors : 

o changes in sea-level as a result of the melting or freezing 

of sea ice 

o changes in land hei! ht as a result of isostatic changes. 

7 Wou ld you expect the continental shelf near a 

convergent plate to be wide or narrow? Why7 

8 How does isostasy create shallow seas during non­

ice age time periods? 

6. 7 The littor*' l zone 
The area of the ocean ost commonly studied is that 

of the littoral zone. is is the area of the shore where 

land meets sea and is also known as the intertidal zone. 
II 

The littoral zone is th1 area between the high water mark 

during spring tides an ~ the lowest part of the shore that is 

permanently submer&ed. This area of the ocean is varied 

and is categorised acq?rding to: 

o the shape of the shore 

o wave action and erf sion 

o the substrate that makes up the shore 

o the organisms that live there. 

Littoral zone: the benthic, or bottom, zone between the 

highest and lowest spring tide shorelines, also referred to as 

the intertidal zone 

Morphology: the study of the forms of things 

Morphology of the littoral zone 
The shape of the sea shore depends primarily on the 

geology of the land lying closest to the shore and the level 

of exposure to erosion on that shore. This means that sea 

shores may be nearly flat areas covered in fine particles 

of mud or nearly vertica l areas with large rocks. Scientists 

studying the different shape and make-up of sea shores are 

studying the morphology of that shore. The two factors 

that scientists focus on when studying morphology are the 

slope of the shore and the size of the sediment found on 

the shore. Table 6.2 shows some different categories and 

diameters of sediments commonly found on sea shores. 

particle type I diameter / mm 

silt 0.002-0.02 

fine sand 0.02-0.2 

coarse sand 0.2-2.0 

gravel (small stones) >2.0 

Tab le 6.2. Diameters of common sediment types. 

Rocky shores 

Rocky shores are areas of shore that are characterised 

by the presence of a rocky substrate (Figure 6.10). Rocky 

shores vary widely in slope from nearly vertical cliff faces 

to wide flat expanses of rocks. The size of the rocks making 

up the shore also varies from very large boulders to much 

smaller pieces of gravel and pebbles. 

Figure 6.10. A rocky shore wit h t ide pools in Cozumel, Mexico. 



Geologically spea 1 ng, rocky shores tend to be made of 

primarily granite o igneous rocks, wh ich are incredibly 

resistant to weath ·ring and take a much longer time to 

break down than s fter rocks such as sandstone. Rocks 

along these shore often exist in a gradient, with the 

largest rocks occu ring farthest from the water at the 

high-water mark a . d the smallest rocks occurring nearer 
I 

the low-water mar . Scientists believe this gradient is 

caused by the pou ding of waves wearing away those 
rocks closest to th water line first and not being able 

to reach those fart er up the shore. It is not surprising 

that these shores re the most resistant to erosion 

even though they : lso tend to be the most open 

and exposed. 

Sandy shores 

A normal sandy sh ~ re is made of loose deposits of sand 

(silica), small piecet of gravel and shells. Sandy shores are 

formed by the ero, ion of sandstone and deposition of 

sediments by the , aves. Sandy shores are constantly in 

motion as the oce1
1
n moves the sand up and down the 

beach. These shor~s tend to have a gradual slope towards 

the ocean. 

Erosion: a natural process where material is worn away from 

the Earth's surface and transported elsewhere 

Deposition: a gee logical process where sediments, soil and 

rocks are added to a landform or land mass 

Muddy shores I 
Muddy shores are found in protected regions and are 

shores least expos~d to erosion. There tends to be no 

slope on muddy si ores, giving rise to the name mud flat A 
lack of erosion an little to no water movement allows the 

deposition of a lay . r of very fine silt particles and organic 

materials . 

Estuaries 

Estuaries form in ,sheltered or partially enclosed areas 
' where fresh water f nd salt water meet; this mix of water 

is called brackish. · ecause these areas are sheltered from 

the erosive action f waves, the bottom is often made of 

fine sand and silt t at falls out of suspension when the 

water is still. The w~ater in estuaries is very murky, with high 

turbidity as a resullt of the fine sediments. Other names for 
estuaries include oays, lagoons, sounds and sloughs. 
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Estuary: a partially enclosed, tidal, coastal body of water 

where fresh water from a river meets the salt water of the 

ocean 

Delta: a low-lying triangular area at the mouth of a river 

formed by the deposition of sediments 

Deltas 
Deltas form at the mouth of a river where it meets the sea. 

These shores are named after the Greek letter delta (6) 

because they usually have a triangular shape (Figure 6.11). 

As a river flows towards its mouth, it picks up sediment 

along the way. The river begins to widen as it approaches 

the sea, slowing down the speed of the water. When the 
water slows enough, the sediments begin to settle on the 

bottom of the ri ver. Over time, these sediments deposit 

and accumulate into sandbars and other small landmasses, 

forming a wide fan-shaped structure resembling a 

branching tree. If the landmasses build up enough, it is 
possible for the delta to form new tributary channels of the 

river. The most well-known river deltas are the: 

• Mississippi River Delta, leading to the Gulf of Mexico in 

the United States 

• Nile River Delta, draining into the Mediterranean Sea 

in Egypt 

Figure 6.11. Nile River Delta. 

Ecosystems of the littoral zone 
Ocean ecosystems are a product of the environment 

in wh ich they exist Many abiotic factors, including 

temperature, exposure to air, stability of the substrate 

I 
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and salinity, have a rol~ in the formation of an ecosystem . 

These and others are r~sponsible for the development of 

the many ecosystem types located within the littoral zone. 

This chapter focuses o~ the formation of the three 
ecosystems that can d[ velop in the littoral zone of oceans: 

rocky shores, sandy shir es and mangroves. 

,. 
Rocky shores 
Living on a rocky shore is not easy. Organisms have a 

lot to contend wi th, in ~ luding fluctuating temperatures, 

wave action and expol.
1
ure to air based on the tides. Other 

factors that they have o adapt to are the slope of the 
I 

shore, what type of rocks make up the substrate, whether 

the habitat is in a tem ~erate or tropical region, and how 

much sunlight is avail~ble at any time during the yea r. It 

may therefore come as a surprise to you that rocky shores 

are typically habitats '1' ith significant biodiversity 

(F igure 6.12). 

In spite of the difficult ies organisms may face living on 
a rocky shore, these a ~eas provide habitat and stability 

to a multitude of species w ithin the littoral zone. The 
rocky substrate provides many places for organisms 

to attach to, a necessity for survival in a place wh ere 

waves can wash organisms and substrate away. Algae, 

barnacles, sea anemones and many species of mollusc 
make their home attached to the rocky surface. The 

need for safe anchorage makes space, not food or light, 

the main resource that organisms compete for in th is 

ecosystem . 

In order to reduce competit ion for space, species in 

rocky shore ecosystems space themselves ve rtically on 
the rocks in a pattern called zonation . To determine 
the upper limit of a species' zone, scientists look for 

physical factors affecting survival: temperature tolerance 

and length of time the species can spend out of water 

before desiccation . To find the lower level of a species' 

zone, scientists look at biological factors : competition 

between other species and predation. The intert idal 

zone on a rocky shore can be d ivided into three major 

areas (Figure 6.13). 

Figure 6.12. Rocky shofe flora and fauna at Cannon Beach, Oregon. 



Zonation: a separation of organisms in a habitat into definite 

zones or bands according to biological and physica l factors, 

common in rocky shore habitats 

Desiccation: the process of drying out or losing moisture 

• High-tide zone: ! tis area only has water during high t ides. 
Organisms here I ust be able to withstand long periods 

of time without 
1
, ater or food. These organisms risk 

desiccation or d ~~ i ng out. Typical organisms located in 
this zone include chitons, crabs, isopods and barnacles. 

highest high tide 

high-tide zone 

lowest high tide 

middle-tide zone 

highest low tide 

algae 

Figure 6.13. Diagra rj1 of zonation patterns on a rocky shore. 
li 
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• Middle-tide zone: this area is exposed to air t wice 

a day at low tide, so organisms must have a coping 

method to deal with desiccation. Typical organisms in 

this zone include limpets, periwinkles and mussels . 

• Low-tide zone: this area is usua lly covered with 

wa ter, except during the lowest spring t ides 

(Chapter 7) . Organisms found here have very few 

adaptations for living outside water and dry out or 

overheat easily. Typica l organisms found here include 

seaweed, algae, sea stars, sea urchins, sea anemones 

and oysters . 

I 
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Within each of these zd'nes, tide pools may exist. Tide pools 
II 

form when seawater fills a particularly low spot in the rocks 

during low tides (F igur' 6.10). Tide pools are important 

for organisms in the hi~her zones to survive because 
they create an area wh re they can cool down, carry out 

gaseous exchange and feed. As the tide comes back in, the 

water in the tide pool i ~ replaced and refreshed so there are 

few problems with inc~ased salinity or decreased oxygen. 

Sandy shores 

Sandy shores produce a unique set of circumstances for 

organ isms to deal wit~. The most difficu lt factor organisms 

have to be adapted fo ~1 is the ever-shifting substrate. Sandy 

Measuring biodiyersity on a rocky shore 

shores are incredib ly unstable, as a si ngle wave or gust 

of wind can remove a lot of the fine sand the organisms 

live on. Most organisms therefore deal wi t h t his si tu ation 

by living in the substrate rather than on t he substrate. 

Organ isms fou nd on a sandy shore tend to be burrowers or 

infauna, such as ghost cra bs, cockles and other bivalves, 

and annelid worms li ke ragworms an d lugworms. These 

challenges explain why sandy shores tend to have low 

biodiversity com pared to rocky shores. 

lnfauna: animals living within the sediments of the ocean 
floor, river or lake beds 

The quadrat survey i~ a commonly used method for biodiversity studies as it allows scientists to create 
a standard unit of area for studying the distribution of an organism over a large area. A quadrat is 
normally square in shape, but can be rectangular or circular, depending on the needs of the study. 
The size of the quadrat also varies depending on the study. For instance, when determining tree 
biodiversity in a forest, the quadrat may be 10m2 because of the size of the study species; in a rocky 
intertidal zone, the ~uadrat may only be 0.25 m2 because much smaller organisms are being studied. 
Quadrat surveys are useful in rocky intertidal areas because the majority of organisms located there 
are slow-moving, attached to the substrate or plants. 

Scientists use a meth,od of random sampling to determine where to place the quadrat when 
conducting a survey. This prevents any bias affecting the data. The counts from each quadrat ar~ then 
averaged to reach an approximate number for the entire area. 

Wo1 ked example 
Scientists were condycting a quadrat survey on a rocky shore in Vancouver, BC, Canada. They were 
specifically investigating the abundance ofleather stars (Dermasterias imbricate) and the Pacific 
blue mussel (Mytilus trossulus) along the shore. Square quadrats of 1m2 were used to measure the 
abundance in ten randomly selected locations (see Table 6.3). 

number of leather I 3 I 15 I O I 8 14 I 17 I 12 I 1 I 2 I 9 
stars in 1 m2 

number of mussels 20 49 I 9 I 47 112 l 1oo I 48 I ·10 116 I 32 
in 1m2 

~ 
Table 6.3. Results of 1m2 sample area calculations. 

I 
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Often scientists include standard deviation in their results when they analyse their data. Standard 
deviations tell ym1 how spread out the numbers in a data set are. The smaller the standard deviation, 
the closer the numbers are to the mean. This can tell you, for example, how variable a population is 
within a commu~ity. The equation for standard deviation is: 

s = )I,(x-xf 
n-1 

These symbols all relate to the different steps you need to complete to find the standard deviation. 
This equation ca~ be broken down into stages. The standard deviation (S) for the leather star data 
given in Table 6.5 is calculated as shown below. 

Calculate the mean value (.X) for the leather star population: 

(3+ 15 +0+ 8+4+ 17 + 12+ 1 + 2+9) 
.X= = 7.1 

10 

Then for each 'quadrat, subtract the mean (.X) from its number (x) and square the result, giving you: 

(x- x )2
• So fo jj quadrat 1: (3- 7. 1)2 = 16.8. 

Table 6.4 shows the results of this step for all10 quadrats. 

sample area I ~ 12 13 14 IS 1 6 17 18 19 110 I mean 

number of ~ 
leather stars 
in 1m2 

(x - .X)2 

15 0 8 4 17 12 2 9 7. 1 

6.8 I 62.4 I 50.4 I 0.8 I 9.6 I 98.0 I 24.0 I 37.2 I 26.0 I 3.61 32.9 

Tab le 6.4. Worki l g out the mean va lues for the leather stars. 

The next step ~s to calculate l:(x- x)2 by adding all of the (x - x)2 values. So, l:(x- x) 2 = 328.81 

Then, divide Yf ur value for l:(x- x) 2 by (n- 1), where n is the number of values you have 
(10, in this case). This should provide you with a value of36.53. 

Finally, take t1e square root of your calculated value. 

Using this equation, your standard deviation should be 6.04. 

Questions 
1 a Calculate the mean numbers per m 2 for the mussels, using the data in Table 6.3. 

~ 
b Calculate fhe standard deviation for the population of mussels. 

2 Based on your knowledge of rocky intertidal zone communities, predict which quadrats were 
placed in the tower intertidal zone and which were placed in the upper intertidal zone. 
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Organisms on a sand)
1 
shore also show vertical zonation 

patterns similar to those on a rocky shore (Figure 

6.14). Once again, the ~ rea inhabited by an organism is 

determined by both p~hysical and biologica l factors, such as 

predation and the abi lity to res ist drying out. The primary 
II 

difference between zonation on rocky shores and sandy 

shores is that it is less lhoticeable on sandy shores because 

of the burrowing natufe of the organisms that live here. 

Because there is no p ~,ace for attachment on a sandy shore, 
seaweeds cannot surf ive here. The only producers that 
may occur on a sandyf shore are phytop lankton brought 

in by the tides. There~~ re most of the organisms on sandy 
shores are detritivore~ that collect organic material from 

between sand grains ~ s they burrow. This is part icularly 

the case on coasts w1ere sand is mixed with muddy 
deposits . However, a sa nd and mud shore is more stable 

than a shore of sand ~~ l one, so more biodiversity is present. 

Mangroves ~ 
Mangroves are trees t~ at prefer to live in coastal or 

estuarine environme~ts between latitudes 25 oN and 25 °S. 

1 , ghost crab 

There are more than 110 species of mangrove, many of 
which are found in Indonesia where mangrove biodiversity 

is highest. These trees survive in saline hab itats because 

of the lack of competition from other plants. Mangroves 

tend to form woodla nd habitats that provide the basis for 

incredibly biod iverse habitats. Areas where mangroves 

grow are referred to as mangrove swamps, mangrove 

fo rests or just mangroves. 

Within a coastal or estuarine hab itat, there are two primary 

physical factors that mangroves have to contend with that 

can impact their survival : 

• high salt content in the water 

• low oxygen content in the substrate. 

High salt content 

Mangroves have several adaptations for dealing with the 

high salt content of coastal and estuarine waters. Red 

mangroves (Rhizophora mangle) have two methods for 

living in sa lt water. The first method begins at the roots, 

which have become nearly impermeable to salt because 

high tide 
bristleworm 

amphipod 

lugworm 

soft-shelled 

I d~ 
Figure 6.14. Common ~onation patterns on a sandy shore. 

coquina shell 

moon snail sea cucumber 

sand 
dollar 



of a very efficient ~·· ltration method. Some scientists 
have hypothesise the use of a 'sacrificial leaf', where 

red mangroves de osit excess salts that make it past 

the fi ltration syste \r . However, other studies dispute this 
hypothesis. Black mangroves (Avicennio germinons) expel 

salt through pores on the underside of their leaves. 

Anoxic soi l 

Red mangroves us€ prop roots to ho ld themselves above 
II 

the water level at l 'gh tide and absorb the oxygen they 
need through thei bark. Black mangroves do not possess 

prop roots. lnstea their roots are specia lly designed with 

pneumatophores ~t at act as snorkels and stick up out of 

the water. These pweumatophores allow the roots of the 
tree to breathe eve

1
n during high tides (Figure 6.15). 

Figure 6.15. Black t an grove (Avicennia germinans) tree with 

pneumatophores protruding from the water at high tide. 

The root systems of red mangroves are called prop 

roots because the~ primarily exist above the substrate 

and prop up the trt e. The unusual design of prop roots 

allows them to ha+ a specific function in this ecosystem 

as well as serve th l traditional purpose of tree roots 

(Figure 6.16). Prop ~oots help prevent erosion by storms 

such as hurricanes and reduce wave energy, similar to 

a coral reef. This fe
1

r ture of mangroves is why they are 

protected in Floridr in the United States and why they 

are being replanteJ in many places in Indonesia . Because 
these roots provid 

1
; a cage-li ke structure under the water 

at high tide and co lect sed iment, many organisms find 

a home among th . roots. Algae, oysters, sponges, crabs, 

barnacles, fish and~ other crustaceans all live among 
mangrove roots, r!]

1
aking mangrove a keystone species in 

th is environment. 
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Figure 6.16. Illustration of red mangrove (Rhizophora 

mangle) showing how the prop roots retain sediments and 

act as a habitat for local species. 

The extensive root system also makes mangroves unique 

in their ability to grow their own habitat. When a mangrove 

tree produces seeds, or propagules, they float around in 

the ocean for a period of time (each species requires a 
specific length of time) . Eventually, the propagule will come 

to rest on a piece of land and begin to root. In some cases 

the 'land' is just a sand bar or area of high sedimentation. 
Once the propagule takes root, a new mangrove tree 

begins to form . The roots of the newly formed tree begin 

to act as a trap for sed iment and slowly bu ild an island as 

more mangrove colonise the trapped sediment. 

Sedimentation: the act or process of depositing sediment 
from a so lution (e.g. seawater) 

9 What is the primary difference between an 

estuary and a delta? 

10 Why are rocky shores able to house more 

biodiversity than sandy shores? 

11 How do the roots of the red mangrove work to 

create an ecosystem? 
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PRACTICAL ACTIVITY fi.l 

Sediment-settling tube 

Purpose 

Sediment-settling tubes are used to determine how quickly 
different diameter sediments settle when water stops moving. 

Materials 

• One clear plastic ten nis ball can with lid, or a 45 em clear 
plastic watertight tube with PVC caps on both ends 

• Four containers, one each contain ing: 

• diatomaceous earth 

• sand 

• so il 

• pebbles 

• Enough water to fi I the tube 

• Electrical or duct tape 

• Ti mer or stopwatch 

Method 

• Make sure the tube is capped at one end . 

• Pour material from the four containers into the tube. 

Mangrove b~nefits, loss 
and restoration 
Mangroves are foJ nd in tropical and subtropical 
areas around the l or! d. Several species of mangrove 
trees will live in a 1ypical mangrove swamp, 
depending on the olerance of each species to 

salinity and anoxil
1
' soil. Those species that are able 

to spend the Ionge t time submerged, and with the 
greatest tolerance 'or salinity, will grow best nearest 
the sea. The other pecies will grow in zones up the 
shore based on their tolerance of these factors. 

Benefits of 1 angroves 
There are many ec~logical and financial benefits to 
mangroves growirig along a coastline. Mangroves 
act as a buffer for ~oastal regions against tropical 
cyclones and othe~ heavy storms by creating a 
wave break. The n:~ots of the mangroves closest 
to the shore, parti! utarly red mangroves, help 

t 
l 

• . Add water to fill the tube up to near the top. 

• Place the rema ining cap on the open end and secure 
with tape. 

• Shake the tube so that all the material is mixed in the 
water. 

• Set the tube down on a flat surface and allow the material 
to settle. 

• Start timing as soon as the tube is set down. 

• Time how long it takes for all of the material to settle to 
the bottom . 

Conclusions 

1 How does th is tube represent the sedimentation seen 
on different types of shore7 

2 Based on this tube and your knowledge of substrate 
types, ran k the shores (sandy, rocky, muddy) from 
greatest to least amount of wave action, and explain 
your ranking. 

3 Usi ng what you know about mangroves and this 
demonstration, explain why mangroves play a vital role 
on sandy shores. 

prevent erosion by holding sediment in place. These 
root systems prevent the need for beach renourishment 
along exposed coasts, saving millions of dollars. 

Ecologically speaking, mangrove forests are a natural 
way of fighting global climate change. Mangroves 
absorb carbon dioxide, the primary greenhouse gas 
released through the burning of fossil fuels, and store it 
in their extensive root systems. In tropical ecosystems, 
mangrove forests are the most carbon-dense forests. 
Mangrove forests in Indonesia contain over 3 billion 
metric tonnes of carbon within the soil, living trees, 
roots and dead branches. 

beach renourishment: the process of dumping sand 

from another location onto an eroding shoreline to 

create a new beach or to widen the existing beach. 



Deforestation 
The world's lari est area of mangrove forest, 
nearly 3 millioj hectares, is located in Indonesia, 
a mangrove biqdiversity hot spot. Since 1980, 
Indonesia has lf st approximately 40% of its 
mangrove fore1t, compared with a global 
destruction ratf of20%. This gives Indonesia the 
reluctant bono r of the fastest rate of mangrove 
destruction wo ldwide. Worse, the deforestation 
of these areas i responsible for 42% of the global 
greenhouse e ssions released as a result of the 
destruction of · oastal ecosystems (for example 
marshes, man oves and seagrasses). 

There are sever 1 causes of mangrove loss globally: 
logging, convef ion of land to agriculture, and 
devastation of nd as a result of pollution, such 
as oil spills. Th · primary cause of mangrove loss 
in Asia, howev .

1
r, is aquaculture, particularly 

shrimp farmin .. Between 1988 and 2008 the 
world producti n of shrimp from these farms 
rose drasticall r1 from 500 000 metric tonnes to 
2.8 million md ic tonnes. Indonesia, China and 
Vietnam have estroyed huge swathes of mangroves 
in order to sup ort this industry, despite the fact 
that doing so h s harmed other local industries and 

fishermen in t~r region. 

Reforestatjon 
Many governm.~nts have come to realise that the 
financial benefits of having intact mangrove forests 
outweigh the nl eds of one particular industry 
(Figure 6.17). dbastline protection, the addition 
of new land through the natural sedimentation 

process createdf by the mangrove root system, 
and nursery se 

1 
ices for young fish, all have 

financial value o the countries involved. Studies 
showing how v~tal intact mangrove systems 
are to ecosysteT s and services have convinced 
governments ti t reforestation is necessary to 
protect their p · ulations from rising sea-levels 
and tropical cy lones. The government of Belize, 
realising the fi~ancial importance of their 
mangrove foreSts (over US$150 million year-1), 

has implement~d strict regulations to protect 
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mangroves from deforestation. At a loss of only 2% over 
the last 30 years, their regulations are considered to be 
successful. 
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Figure 6.17. Comparing the economic and social va lue 

of mangroves and shrim p farms. 

The governments of Vietnam and Indonesia have begun 
to take steps to restore their mangrove forests. In both 
cases, an emphasis has been placed on repairing local 
economies using mangrove forest restoration. People are 
encouraged to replant mangroves in order to improve 
local fishing and provide construction materials, pulp 
for paper and ecotourism. 

Questions 

1 Explain how mangrove forests slow down climate 
change. 

2 Calculate the difference between the total net value 
(both social and economic) of intact mangroves and 
shrimp farms. 

3 Imagine you are a conservationist working 
to convince a local government to rebuild the 
mangrove forest. Write a speech to the government 
explaining why intact mangrove forests are better 
for the economy than shrimp farming. 
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-
• Scientists once thought the ocean floor was completely flat 

and void of topography, but we now know otherwise. 

• · While the deepest seabeds may be one of the last ocean 

provinces scientists will ever get to visit, their importance to 

what lies above them cannot be denied. 
• The creation of diffE~rent habitats and landscapes through 

plate tectonics is an amazing result of geology. • Marine ecosystems, like all other ecosystems, rely on what 

lies beneath them for their survival. 
• Convection currents in the mantle move gigantic tectonic 

plates, generating t hree types of boundary (convergent, 

divergent and transform) . 

• The differences in the ocean floor, particularly along 

coastlines, create the many types of ecosystems present in 

the oceans and on the shores. • These boundaries create an array of features on the ocean 

floor, such as mid-ocean ridges, volcanoes, trenches and 

hydrothermal vents 

Exam-style questions 

1 a Define what is meant by the term intertidal zone. [1] 

2 

3 

b Compare the physica l factors affecting organisms li vi ng on a rocky shore to those 

living on a sandy shore. [4] 

[1] c 

a 

b 

a 

b 

i Define the term vertica l zona tion. 

ii Explain how the physical and bio logical factors of a rocky shore ecosystem 

contribute to vertica l zonation of the organisms that live there. [2] 

[Total mark: 8] 

List three major lines of evidence supporting the theory of plate tectonics. [3] 

Describe the movement at each of the following plate boundaries and state one feature 

located there: 

i transform boundary [2] 

ii convergent boundary [2] 

iii divergent boundary [2] 

[Total mark: 9] 

State where you would expect to locate hydrothermal vents. [1] 

Outline how hydrotfilermal ven ts form. [4] 

c Hydrothermal ven ts are considered to be extreme environments. Suggest an 

explanation for why that may be. [3] 

1 [Total mark: 8] 

4 a Describe the habitat where you wou ld expect to find mangrove trees. [3] 

b List and explain twdl adaptations mangroves have in order to survive with in their 

habitat. [2] 

c Explain how red mar graves benefit coastal ecosystems. [4] 

[Total mark: 9] 
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5 Tevnio are a species of tube worms typically found at hydrothermal vent ecosystems. These 

marine invertebrates have free-swimming planktonic larvae and eventually grow into adults that 

form a symbiotic relationship with chemosynthetic bacteria . Researchers wanted to determine 

if high pressure attracted the tube worm larvae to settle in that ecosystem. Three containers 

of seawater were set up. Each container was kept at a different pressure: 0 atm (to represent 

sea-level), 100 atm (to represent a mid-level depth in t he ocean) and 250 atm (to represent the 

pressure at a hydrothermal vent). Approximately 250 larvae were released into each container. 

Temperature, pH and sa lin ity were carefu lly cont rolled. After 3 days, the numbers of larvae that 

had settled within each container were counted . The results are shown in Tab le 6.5. 

container I number of tube worm larvae settled 

0 atm 15 

100 atm 87 

250 at m 95 

Table 6.5. Number of tube worm larvae sett led in each container. 

a Using the data in Table 6.5, describe the effect of pressure on the at tachment of Tevnio 

larvae. [2] 

b The attachment of Tevnio is also affected by other factors, includ ing pH. 

Outline a laboratory-based experiment to determ ine whether pH plays a ro le in 

settlement of Tevnio. [5] 

[Total mark: 7] 
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Estuaries are an mportant ecosystem in the marine environment of Florida, USA. These areas, where fresh 
water from river joins salt water from the sea, provide habitat for more than 70% of the fish, crustaceans and 
shellfish that are mportant commercially and recreationally to Florida. These organisms primarily spend time 
in the estuaries when they are newly hatched or juveniles, as the adults return to estuaries in order to breed. 

Because of the inflow of nutrient-rich fresh water from the rivers, estuaries are highly productive 
ecosystems. Phytoplankton, algae and seagrasses can all be found in estuaries, where the access to 
nutrients and sunlight in the shallow water increases the rate of photosynthesis. These producers then 
provide energy in the form of food to other organisms higher up the food chain. When the producers die, 
detritivores bre3~ down the remains, adding even more nutrients to the environment. All of this energy 
and nutrition cop1bine to create an excellent nursery area for small fish and invertebrates. 

(\,·Lake Okee~hobee and its drainage problem 
Lake Okeechobee, located in South Florida, is the seventh largest fresh-water lake in the United States. Its 
area is more than 1900 km2

, but it is a very shallow lake with an average depth of only 2.7 m. It is an integral 

~ 
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part of the Everglades ecosystem that provides Florida t ith its fresh water. However, as water flows from the 
Kissimmee River ilj)-to Lake Okeechobee it carries ton es of fertiliser and pesticide waste from farms upstream. 

Historically, when~too much water entered Lake Ok echo bee, the lake would overflow and send water 
down into the Everglades with vital nutrients. Howe er, that flow was changed after two devastating 
hurricanes movedfover a newly settled South Florid . In 1926, the Great Miami Hurricane killed 300 
people after movi~g inland. Just 2 years later, in 192 , the Okeechobee hurricane hit Florida. After moving 
over land, the hurricane passed over Lake Okeechobee, causing a storm surge that drove water over the 
minimal mud dik~. This flooded the neighbouring t~wns, killing thousands (the exact number is not 
known because oflf oor residential records). 

After these hurricanes cost so many lives, the US Ar~y Corps of Engineers built a flood control system, 
including the Herbert Hoover dike, to prevent dama e from future storm surges. The dike was expanded a 
few years later to ~,ccommodate larger storms. Since I hen the dike has prevented most of the outflow from 
Lake Okeechobee ~nto the Everglades system, holdinjg on to vital nutrients and water. 

Lake Okeechobee and Florida's estuaries: what's the connection? 
I 

Too little water 

Because water tha! flows into Lake Okeechobee is kte' t there instead of being allowed to flow out as 
it naturally shoulq', an incredible amount of pesticid s, fertilisers and sediment has built up on the 
bed of Lake Okeeahobee. In 2007, a severe drought ected South Florida and the water levels in Lake 
Okeechobee dropped to historic lows. Many parts o ·the lake bed were exposed and accessible to people 
and wildlife. Wate~ management officials thought reF. oving the mud would help restore the lake's substrate 
to a sandy bottoJ1and increase water clarity, makinf the water healthier. Officials tested the mud to see if 
it could be used in agriculture as a compost, but disl overed that it contained high levels of toxins such as 
arsenic. The mud as therefore considered to be too toxic for agricultural or commercial use, making its 
disposal a challent e. It was not until Tropical Storm Fay in 2008, when 1.2 m of rain raised the water levels 
in Lake Okeechollee, that some improvement was sq:n in the lake quality. 

~ )'oo much water 
Since 2008, the w~ter levels in Lake Okeechobee ha e continued to rise as a result of storms and the 
seasonal rain of S~uth Florida. Unfortunately, the la e can only contain so much water before the 70-year­
old dike holding ~ack its waters is in danger of bein damaged. The US Army Corps of Engineers tries to 
keep the lake leve~ between 3.8 m and 4.7 m to redu e the strain on the dike; but in years like 2016, when 
rain levels are abnormally high, maintaining these 1 vels becomes impossible without draining the lake. 
Additionally, flood water from the sugar plantation elds that surround Lake Okeechobee is directed 
into the lake, addrng more polluted water and sedi ent to the already toxic mix. Since 2013, the US 
Army Corps of E~gineers has had to pump billions f gallons of polluted water from Lake Okeechobee to 
prevent damage t 

1 
the Herbert Hoover dike. If the ike is destroyed and the waters from Lake Okeechobee 

overflow into the ve neighbouring counties, the p ential damage and loss of life could rival that seen 
when the levees ilK New Orleans broke during Hurr ·cane Katrina in 2005. 

When draining Lake Okeechobee, water managers end water from the lake into two major canal systems, 
one to the east an~ one to the west. To the east the ater drains into the St Lucie River estuary, and to the 
west the water drains into the Caloosahatchee Rive estuary. In both cases the normal inflow of fresh water 
into the estuary iJ elevated and causes incredible da age to the estuary ecosystems, and the ecosystems 

l~ they are connected to, such as the Indian River Lag 

~Damage to the estuaries 

' As billions of gall~ns of water are pumped out of La~e Okeechobee and into estuaries on both the east and 
west coasts of Floliida, residents, environmentalists, dentists and policy-makers are all wondering if this is 
the right thing to ~o. The evidence of pollution is de r: aerial photos show a mass of brown water entering 
the clear blue wat~rs of the estuary. However, polluti n is not the only risk to the estuaries caused by these 

~i ' 
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releases: the lack of salt in the water can cause just as 
many issues for lhe aquatic life of the region. 

Estuaries rely on the inflow of fresh water from 
rivers to combine with the salty seawater from 
the ocean to reduce salinity. The organisms living 
in estuaries are ! dapted to living in this medium 
salinity, brackish water. Too much fresh water 
coming into the~estuaries reduces the salinity to 
dangerous level~ for many of the plants and animals 
found in these "i'aters. These reduced salinity levels 
are the most likely cause of multiple fish-kill events 
and a massive dfe-off of sea grasses and oyster 
beds lining the estuary bottom. Additionally, a 
number of (potentially toxic) algae blooms cloud the 
water whenever ttarge releases of water from Lake 

f. 
Okeechobee ent~r the estuaries (Figure 6.18). 

While too little salinity is a problem for those 
• estuaries on the east and west coasts of central 

Florida, too much salinity has become a problem 
for Florida Bay in the south. By not allowing fresh 
water to drain naturally through the Everglades, 
Florida Bay is unable to maintain its historical 
salinity levels. In February 2016, Florida's 
Governor, Rick Scott, asked the US Army Corps 
of Engineers to raise the water levels in canals 
flowing southw~ards to divert water from Lake 
Okeechobee aw'ay from the central estuaries and 
allow it to flow south. While this will do nothing 

Figure 6.18. Algal bloom where water from 

Lake Okeechobee meets the water of the 

Caloosahatchee River Estuary. 

to fix the pollution problem, it will reduce fresh-water outflow to the east and west by sending it 
south towards the Everglades and Florida Bay. 

~Possible solutions 
Unfortunately, tpere are no ready solutions in the near future to handle the billions of gallons of water 
necessary to redhce water levels, and protect the estuaries and the people who are connected to Lake 
Okeechobee. So~e relief should come in 2019 when the US Army Corps of Engineers plans to have 
completed a rest voir designed to hold some of the necessary water. In the meantime, politicians are 
asking for relief 1 rom the federal government; but that is unlikely to be successful because any positive 
outcome will no be seen immediately, and decision-makers like to see quick results. 

Questions 

1 How could this outflow of fresh water affect not only the estuary the river leads to, but also the 

environmen~outside the estuary? 

2 How do you · hink these water releases affect Florida's economy? Make sure to discuss both the 
economy rel ted to the coast and estuaries, and the economy related to agriculture. 

3 The release o{ water from Lake Okeechobee has already been held responsible for the die-off of 
sea grasses w~thin the affected estuaries. How does this die-off impact upon the available energy within 
these ecosyst{ms? 

4 Beyond repairs to the Herbert Hoover dike, what other repairs or changes need to be made to improve 
the water quality and quantity flowing from Lake Okeechobee? 

I 



Learning outcomes 
By the end of this chapter, you should be able to: 

explain how volcanic activity, run-off and dissolved gases affect the chemical composition of seawater 

describe how evaporation and precipitation affect the salinity of seawater 

explain how temperature and salinity create gradients and layers within the ocean, and how those layers 

can be mixed 

explain why different concentrations of dissolved oxygen exist within bodies of water 

discuss how tides are formed and influenced by many factors 

explain how ocean currents and upwelling are caused 

explain the causes and effects of El Nino events in the Pacific Ocean 

describe how monsoon winds are formed in the Indian Ocean 

explain the cause and impact oftropical cyclones 

apply what you have learnt to new, unfamiliar contexts. 

~ 
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When scientists study chemical and physical 

oceanography, they are really studying the forces that 

make the ent ire ocet:ln able to funct ion. On the surface, 

chemical and physical oceanography appears to be 

merely the study of ~he ocean's chem istry and physical 

properties. While tht~t is an accurate definition, it does not 

touch on the real purpose for studying these fields: most 

people study the chemistry of water and forces within the 
ocean to understand how they make life possible. How 

can organisms exist in waters with nearly zero dissolved 
oxygen? How can the flooding rains that are blown in with 

the monsoons be a benefit to the commu nities affected? 

How does the ocea n moderate the world's climate? What 

causes the tides that control the mating behaviour of so 

many animals? All of these questions and thousands more 

have been answered by studying how the ocean funct ions. 

7.2 Chemica'~ oceanography and the 
chemical cor position of seawater 
Chemica l oceanography is the study of ocean chemistry 

and the behaviour o~f those chemicals found within the 
ocean . Surprisingly, only' studying the chemica ls found 
within the ocean is ot particularly limiting. Nearly every 
element in the Perid

1

dic Table has been located, in some 

form, within the oc~p n's vast waters. Understanding the 

movement of these h emicals requires a fundamental 

knowledge of ocea11 circulation, climate and the 

interactions betwe~n the atmosphere, geosphere and 

hyd rosphere on this planet. 

Salinity: a measure of the quantity of dissolved solids in 

ocean water, represented by parts per thousand, ppt or %o 

Evaporation: a change in state from liquid to gas below the 

boiling point of a substance 

Salinity 
When studying cherr ica l oceanography, traditionally 

you start by lookinglat the salinity of seawater. Salinity 

is a measu re of the ~oncentration of salts within a body 

of water. There are ~)NO methods common ly used to 
determine the salinit y of a water samp le. 

Chapter 7: Physical and chemical oceanography 

This chapter covers a broad range of topics under the very 

large umbrella of chemical and physical oceanography. 

From minerals dissolved in the ocean's waters to the 

destructive winds of tropical cyclones and everything in 

between, chemical and physical oceanography explain 

many of the mysteries of marine science. However, the 

most important aspect of all these individual pieces 
is how they fit together. When scient ists study cora l 

reefs, they cannot just study the ind ividual polyps that 
make up the reef. They must also look at the nutrients 

available in the water: are there too many or too little? 

They must look at the run-off entering the ocean from 

the coast: is it tox ic? If so, how toxic? They need to study 

sea surface temperatures in order to predict both coral 

bleaching and tropical cyclones. In all aspects of ocean 

life, the environment around an organ ism is of paramount 
importance to its survival. 

• Total dissolved sol ids (TDS) 

Using this tradit ional method, a scient ist evaporates a I 
known vo lu me of water and then weighs the so lids left 
behind. This method is not particularly good for use in 

the field because of the equipment and t ime needed. 

• Electrica l conductiv ity 
This more modern method is faster and easier to use 

when out in the field . An electric current is passed 

between two metal plates, and how well the curren t 

moves between the plates is measu red . The more 

dissolved sa lts (solutes) in the water, the greater the 

conductivity (ease of flow) between the plates. The 

in format ion ga ined from electrical con ductivity can be 

used to est imate the total dissolved sol ids. 

The un it used for sa li nity is parts per thousand (ppt or %o). 
This unit was originally derived using TDS. Scien t ists wou ld 

take 1000 g of seawater and evaporate it. Th e so lutes 

left behind, usually ions cal led sa lts, were then weighed, 

making them the 'parts' that make up 1000 g of wate r. After 

hundreds of years of wa ter samples, scientists now know 

that t he average salinity of the open ocean is 35%o. 

Composition of seawater 
The first t rue scienti fic stu dy of the open ocean happened 

between the years of 1872 and 1876 on HMS Challenger. 
Thi;; 70 000 km scientific voyage was the first of its kind . 
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Led by Charles Wyville Thomson, the Royal Society of 
London purchased a ~ old warship and retrofitted it 

with scientific laboratories. These laboratories enabled 

scientists aboard to cbllect data in the fields of natural 

history and chemistry. More than 4000 new species of 

marine li fe were disco~e red on this journey, along with vital 

chemica l oceanograp
1

rY· 
When the Challenger ~:turned home in 1876, the water 
samples taken during the voyage were sent to William 

Dittmar. After analysi ~g the samples, Dittmar discovered 
the same six ions made up the majority of the solutes in 

seawater (Table 7.1). f\dditionally, he found that, regardless 

of the concentration ~f salts in the water, the ions were 

always present in the ,same percentages. He termed this 

phenomenon the 'th, ory of constant proportions'. 

From Table 7.1, you cdn see that the majority of the salts 

in the ocean are sodi ~m and ch loride. Th is should not 

be a surprise as seaw~ter tastes li ke table salt, which is 

a common name for sodium chloride (NaCI). Other ions, 

such as sulfate, magnesium, calcium and potassium, play 

vital roles in the biolop of the ocean. Many other ions are 

also present but in su t h small concentrations that they are 

called m icronutrients~(fo r example nitrogen, phosphorus 
and hydrogencarbon • te). Dittmar's theo ry of constant 

proportions holds t ru
1 

for the open ocean and, generally, 
for coasta l regions. 

However, further reser rch has found that ion 
concentrations can br changed by local events, such as 
atmospheric dissolu~ion , volcanic eruptions and run-off 

(F igure 7.1). These are the three major sources of ions in 

the world's ocean, anb each is discussed in this chapter. 

Dissolution: the dissolving of a solute into a solvent 

Effect of atmospheric dissolution on the chemical 
composition of seawater 
Gases in the atmosphere (nitrogen, carbon dioxide 

and oxygen) are in a state of equilibrium with the gases 

dissolved in ocean water. As the concentration of a 

particular gas in the atmosphere increases (carbon 

dioxide, for instance), the concentration of that gas in 

seawater also rises. Mixing, as a result of turbulence and 

wave action, works to maintain this equilibrium. The 
more turbulence there is, the easier it is for gases in the 

atmosphere to dissolve into the ocean. This can lead to 
higher concentrations of carbon dioxide and oxygen within 

the first 200m depth of the ocean than are found in the 

atmosphere. Factors contributing to the concentration of 

gases in seawater include the following. 

• The solubility of the gas 
Solubility refers to the abi li ty fo r a particular solute, like 

carbon dioxide, to dissolve in a solvent, like seawater. 

Carbon dioxide is very soluble in seawater because 
of its ability to form carbonic acid, a weak acid, when 

introduced to water. Oxygen, while more soluble than 

nitrogen, is less soluble than carbon dioxide. Oxygen 

and nitrogen are less soluble because they do not 

chem ically combine with the water molecules. This 

means that the level of carbon dioxide held by seawater 

is higher than that of oxygen and nitrogen. 

• The temperature of the seawater 
Cold water is able to hold more gas than water at 
warmer temperatures. This means that water found 

near the poles will hold more oxygen than water found 

in the tropics (Table 7 2). 

Solubility: the ability of a solute to dissolve into a solvent 

ion mean concentration in seawater I parts per 

thousand (%o) 

Ratio of ion: total salts / percentage(%) 

chloride (CI-) ! I 19.35 I 55.04 

sod ium (Na•) II I 10.75 I 30.61 

sulfate (SO/-) I I 2.70 I 7.68 

magnesium (Mg2• ) I I 1.30 I 3.69 

calcium (Ca2• ) j I 0.42 I 1.16 
--

potassium (K•) I I 0.38 I 1.10 

Ta ble 7.1. Concentrations of t he six most common ions in seawater. 
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Figure 7.1. How cher ica ls get into our oceans: atmospheric dissolution, vo lcanic act ivity and run-off. 
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maximum concentrr tion of dissolved oxygen in fresh water. 

• The salinity of th~ seawater 
Gases are able t! dissolve better into water with lower 
levels of salinity. I herefore you would expect to find 

higher levels of q ygen in an estuary than in the open 

ocean or the D 

• The presence of
1 

rganisms in the seawater 

Organisms play 
1 

large role in determining how much 

of each gas is fo nd in the different layers of the ocean. 

Nitrogen gas tha is dissolved can be transformed 

into ammonia b nitrogen-fixing bacteria. This makes 

the nitrogen eas j;er to use for other organisms. At the 

surface, produci 'rs take in dissolved carbon dioxide for 
use in photosyn hesis. Consumers and producers both 

use dissolved ox. gen for respiration. 

Effect of volcan~~s on the chemical composition 
of seawater 

I 
When volcanoes a l ove sea- level erupt, they pour tonnes 
of hot ash into the tmosphere. With in that ash are many 

minerals and gase that impact our oceans. In particular, 

carbon dioxide (C02), sulfur dioxide (S0 2), hydrogen sulfide 

(H2S) and hydrogen chloride (HCI) leave the volcano 

mixed with the particulates of ash . When these gases 

enter the atmosphere they mix wi th atmospheric water, 
especially wa ter already condensed into a cloud. When 

the cloud becomes precipitation, the dissolved gases 

rain down into the ocean as part of the hydrological cycle. 

The addition of these ions into the water changes the ion 

concentration for a brief time. 

Volcanoes that are still submerged can also impact upon 

the ion concentrations of the seawater around them. 
These vo lcanoes, located at either convergent or divergent 

plate boundaries, erupt releasing the same gases into 

the water. Submerged volcanoes have been releasing 

hydrogen chloride and chlorine gas into the ocean since 

the ocean was first formed . In fact, they have released so 

much chlorine gas they are considered to be the primary 

source of chloride ions found in today's seawater. 

Precipitation: water that falls from the atmosphere to the 

Earth's surface as rain , sleet, snow or hail 

Run-off: the flow of water from land caused by precipitation 

Effect of run-off on chemical composition 
of seawater 
Run-off is water that flows over the Earth's surface due 

to precipitation or melting snow or ice. As this water 

flows over city streets or through farmers' fields, it 

disso lves many substances and carries them along. 

These substances could include vital nutrients, pestic ides, 

fertilisers, oils and other po llutants. Eventual ly, most of 

th is water, as part of the hydrological cycle, finds its way to 

I 
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the oceans, either dir~ctly or by first flow ing into a river. So, 
while run-off is not co'hsidered a pollutant, it is capable of 

carrying many types of pollution into the ocean . 

Many of the pollutan ~s carried by run-off have a very 
low concentration in the water and are initially seen 

as non-threatening. ~ owever, these compounds can 

be absorbed into thelltissues of producers through 
uptake. Once this happens, the pollutant concentration 

increases as it passe~ from one troph ic level to t he 

next w ithin a food chlk in. Th is process is known as 
biomagnification . 

Biomagnification: the increasing concentration of a 

substance, such as a toxic chemical, in the tissues of 

organisms at successively higher levels in a food chain 

Since the Industrial R~volut i on, many examples of 

biomagnificat ion hav~ come to light. In the United States, 

the use of a pesticide known as DDT was respons ible for 
the near extinction of several predatory bird species, 

including the bald ea~l e . Another example comes from 
Minamata city in Japan . 

I 

Fertil isers carried to t7e ocean can also pose a unique 

risk to marine ecosys~ems. Most chemical ferti lisers 

conta in a mixture of n'jtrogen and phosphorus. Both of 

these nutrients are n~cessary for the growth and health 

of plants, including al~ae and phytoplankton, and are 

normal in the ocean i1.1ow concentrations. Nitrogen and 
phosphorus are consipered to be limiting factors in marine 

ecosystems because ~heir low concentrations helps 

control the populatio ~. of producers. However, chemical 
fert ilisers contain ver~ high concentrations of these 

I• 

elements and, when dissolved in run-off, their presence 

can disrupt local coas'ta l ecosystems. Excessive fert iliser in 

run-off is a primary c1use for harmful algal blooms (HABs) 

that can be toxic to bl th the environment and humans. 

Effects of evaporaJ~on and precipitation on salinity 

While 35%o is the avel age salinity of ocean water, the 

actual salinity at any ' iven location does vary. In areas 
with fresh -water run-9ff or melting glaciers, for example, 

the salinity may be m~ch lower. Th is lower salinity is 

caused by the additiolr of water, rather than the removal 

of salts. Precipitation l(for example rain or snow) also 

lowers the salinity of ~ body of water by diluting the salt 
II 

in the seawater with imcoming fresh water. Estuaries are 

a great example of sa!,inity vary ing throughout a body of 

water. Near the mouth of the river within an estuary, the 
water is considerably less sa line than the water nea rest 

the ocean. The water lying at the top of the water column 

in an estuary is also fresher than water on the bottom. 

This means that salin ity levels within an estuary change 

during high and low t ides (Figure 7.2) . This phenomenon is 

discussed later in this chapter. 

(a) 35%o 25%o 15%o 5%o O%o salinity 

river 

(b) 25%o 15%o 5%o O%o salinity 

sea 
35%o 
"-~~ river 

Figure 7.2. Salinity levels in an estuary at (a) high tide and 

(b) low tide. 

Salinity higher than 35%o is often found in regions with 

above-average evaporation rates and a limited fresh­

water inflow. When the salts are even more concentrated, 

the water is described as hypersaline. One example of a 
hypersa line environment is the Dead Sea, an inland sea 

found between Jordan and Israel. The salinity levels 

are ten times that of the open ocean. Salinity is so high 

that sa It coats the beach as a resu It of evaporation 

(F igure 7.3). 

Hypersaline: when a body of water has a salinity level 

greater than 35%o 

Dissolved oxygen (DO): oxygen that has dissolved into 

water 

Dissolved oxygen and the oxygen minimum layer 
The concentration of dissolved oxygen (DO) varies 

throughout the ocean . As mentioned above, both 

temperatu re and salin ity affect the concentration of 

dissolved oxygen in the ocean . The higher the water 

temperature, the lower the oxygen concentration. Also, 

the higher the sal init y, the lower the dissolved oxygen 

concentration, although this difference is slight. 
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Figure 7.3. Dead Sea salt crystallises along the shore and looks like snow. 

Dead Sea 
The Dead Sea is a hypersaline lake located in the 
Middle East in fhe Jordan Rift Vall?. ?nits eastern 
shore hes the country ofJordan, wh1le 1ts western 

[1 

shore borders I~rael and the West Bank. At 377 m 
deep, the Dead Sea is considered to be the deepest 
hypersaline lake in the world. This depth also helps 
make the Dead Sea the lowest elevation on land, at 
423 m below sea-level. 

This 50 km long and 15 km wide body of water 
is considered tb be one of the saltiest places on 
Earth. The sali ity of the water in the Dead Sea 
ranges from 2 0 to 350%o. The salinity varies 
depending on 'he time of year and where in 
the water colu 

1 

n the measurement was taken. 
Measurements1 taken nearest the surface tend to be 
higher because of the high evaporation rates in the 
desert-like co~ditions of the Jordan Rift Valley. As 
typical ocean + ater contains salinity levels of only 
35%o, the water of the Dead Sea are, on average, 
8.5 times as sa~ty. 

For thousands of years, the Dead Sea has been a 
vacation destination. The salty waters are rumoured 
to have healing powers because of its mineral content. 
Swimming here is really just floating on the incredibly 
dense waters. According to historical rumour, the first 
health spa was located at the Dead Sea for Herod I 
(37-34 BCE). 

It is ironic that the Dead Sea is considered to be a place 
of health and healing considering that salinity levels 
make it impossible for most animals to live there. Only 
a few species of archaea, bacteria and fungi are capable 
of making their homes in the Dead Sea on a continuous 
basis. However, during 1980, a particularly rainy winter 
reduced the salinity so much that a new type of algae 
became established and turned the waters red. 

Today, the Dead Sea is used to produce a major 
component of fertilisers: potash. Potash is the common 
name for potassium chloride and it has been mined 
from the Dead Sea since 1929. In order to remove potash 
from the waters of the Dead Sea, shallow evaporation 
pools have been created in the southernmost portion 

-+ 
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of the lake (Figure 7.4). This allows sunlight to 
evaporate water from the brine and leave the salts 
behind. The water~ of the Dead Sea are replenished 
by the Jordan River. However, in order to make 
these pools successful, the southern end of the Dead 
Sea has had several barricades, or dikes, built to 
prevent water froi the Jordan River from flowing 
in naturally. This llows the corporations mining 
the potash, such a Dead Sea Works, to control 
rainwater flow. ! 
Unfortunately, this evaporation process, which 
has been happenif g for nearly 100 years, has 
caused a severe drf p in water levels. Between 
1970 and 2006, th~ water levels in the Dead Sea 
dropped an average 1m year- 1. This reduction 

has been followed by a drop in groundwater, leading 
to sinkholes, when the underground salt structures 
collapse. 

Questions 

1 Potassium is a minor component in seawater. When 
seawater is evaporated, which minerals would you 
expect to find the most of? 

2 Evaporation is a major factor in the salinity of the 
Dead Sea. What role does it play in the ocean? 

3 How does the increased salinity of the Dead Sea 
due to the fertiliser industry impact upon the 
microscopic organisms that live there? 



The area of the ocewn with the greatest concentration of 
dissolved oxygen is the top 100m of the ocean, known as 

the surface layer. V\1lthin this layer, the dissolved oxygen 

concentrat ion can ~each 'supersaturation'. Th is means 

there is more oxygJn disso lved in the seawater than it 

wou ld norma lly be t. ble to carry. Two major factors work 
together to increas · the amount of dissolved oxygen 

to supersaturation evel: the motion of the water and 

photosynthesis by wroducers. The more turbulent the 

water, the more ox~gen is mixed into it by the movement 

of the waves. Mean~1 hile, producers, like phytoplankton 
and algae, use pho osynthesis to create glucose and 

generate oxygen as a byproduct This oxygen adds to the 

amount of dissolve~ oxygen in the surface layer. Dissolved 

oxygen is removed [ rom this layer by the respiration of 

organisms. I . 
Below the su rface lt yer of the ocean, the concentration of 
dissolved oxygen c 

1 

anges dramat ica lly. As the depth of the 

ocean increases, th · level of dissolved oxygen decreases 

unt il it reaches the ~xygen minimum layer. The oxygen 

min imum layer typ~fal l y occurs at a depth of around 500 m, 
but has been found anywhere between 100 and 1000 m 

deep depending oln.location. Some organisms are capable 
of living with in the : xygen minimum zone, despite the lack 

of dissolved oxygen but they do need specia l adaptations 

for survival. Most ofl'the organisms found here are fair ly 
inactive, wh ich red Ices their need for oxygen . The gills of 

the fish in this area re incredibly efficient at extracting 

oxygen from water, even at the low levels present in th is 

layer. Add it ional ly, ~any of the organisms here have a 
very oxygen-efficie ~t form of hemoglobin, a blood protein 

responsible for carnfing oxygen throughout the body. 

After reachi ng the J. ygen mini mum layer, the oxygen 

concentration begi s to increase deeper into the ocean . 

Three reasons exist for this subtle increase in oxygen 

(Figure 7.5). 

• First, the organ iJms found below the oxygen minimu m 

layer are in an arf a with very few food resources. This 
lack of food red ~ces the need for the organisms to 
respire, so they sG rvive with less oxygen. 

• Second, the so lybili ty of oxygen increases as the 

temperature de~reases. As you go deeper into t he 

ocean, the temp~rat ure decreases to near-freezing. 
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The lower temperature mea ns oxygen is more li kely to 
stay dissolved in the water. 

• Th ird, as pressu re increases, the solubi lity of oxygen 
increases. For every 10m you sink into the ocea n, the 

pressure increases by one atmosphere. This pressure 

keeps t he water and oxygen molecules packed closely 

together, al lowing for greater solubili ty of the oxygen. 
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Figure 7.5. Oxygen minimum layer in the eastern tropical 

Pacific Ocean and the biological processes responsible. 

Oxygen minimum layer: the layer within the ocean where 

the concentration of dissolved oxygen is at its lowest, 

typically found between 100 and 1000 m deep 

1 What are the th ree most important gases in 

seawater, biologically speaking? How do they 

impact upon li fe in the ocean? 

2 How do volcanoes and run-off change the 

composition of the world's ocean? 
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Layers in the ocean 
II . 

From the surface, the ocean appears to be a un1form mass 

of water. Through the ~any scientific studies that have 

taken place since the Challenger exped ition, scientists now 

know that the water i1: the ocean is anyth ing but uniform. 
Temperature, salin ity and density change with depth, 

creating layers within ~he sea . 

. I 
Dens1ty 

Density is the mass of an object divided by its volume. 
The higher the densit )( of an object, the lower it will sit 

in a container of wate ~ So, when discussing density in 

seawater, the denser the water is, the lower it wil l sit in the 

water column. The lea~t dense water wi ll rise to the surface 

of the water co lumn a ~d the densest water will sin k to 
the bottom. Two main variab les determine the density of 

Density: the mass per unit volume of a substance 

Thermocline: a boundary between two layers of water with 

different temperatures 

Gradient: the rate of increase or decrease of a characteristic 

relative to another 

Halocline: a layer of water below the mixed surface layer 

where a rapid change in salinity can be measured as depth 

increases 

Temperature 

Temperature is the fa ~tor most responsible for changes 

in density. As temperature increases, density decreases. 

Th is is why, when looking at a profile of the water co lu mn 

in the ocean, the wa rr est water si ts on top of the water 

co lumn . This wa rm la~er is fairly shallow and it sits on 
top of colder, denser Water. Between the two layers is an 

area where the temperature abruptly changes, known as 

the thermocline (F i g 1~ re 7.6). Water at the surface may 

reach 25 oc or higher in tropi ca l seas, but is more likely 

to be 1 oc at depths ot 2000 m or more. In polar seas, the 

temperature gradient is less drastic. In these areas, t he 
surface water is likely to be about 10 oc and coo ls with 

depth to about 1 °( , with only a very faint thermocline, if 

one is present at all. ~ 
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Figure 7.6. Thermocline in a typical tropical sea . 

Salinity 

Sal inity has less of an impact on density than temperatu re, 

but the interaction between sa lini ty and temperature 

makes it wo rth mention ing. As sa lin ity in the ocean 

increases, so does the density of the water. Therefore, 
water with the lowest density floats on top of water with 

higher densities. This is why in an estuary, fresh water 

sits above the sa lt wa ter. Between the less sa line, and 

therefore less dense, surface waters and the more saline, 

more dense, bottom waters, there is an area where sa li nity 

changes significantly w ith depth . This area is called the 

halocline. 

This would ind icate that the sa lt iest water in the ocean 

is at the seabed. For the most part this is t rue, but there 

is one except ion: tropica l seas. In tropical seas between 

30° Nand 30° S, the temperatures create high evaporation 

rates at the surface. This results in a very wa rm, but also 

very sa lty, layer across the surface of the ocean. This layer 

floats on the surface, in spite of its increased sal in ity, 

because the temperature is so high. Just below that laye r, 

the sa linity profile shows a steep decrease in sa linity, the 

halocline, until750 m, followed by a slow increase, as 

expected (Figure 7.7). 
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Figure 7.7. Typica l hqlocline in a tropica l sea. 

PRACTICAL ACTIVI V 7.1 

Creating a halocline 

This practical dernonstrates how a halocline forms 

in marine ecosystems. It ca n be modif ied to create a 

thermocline using hot and co ld water. 

Materials 

• Sma ll aqua riurr or clear, rectangular container capable of 
holding 2 litres of liqu id 

• Sca le 

• Two 1 dm3 beakers 

• 35 g salt , any type 

• Blue food co louring 

• Red food colouring 

Method 

• Prepare salt water (35 ppt). 

• Weigh 35 g of salt using the sca le. 

• Place the sa lt into one of the 1 dm3 beakers. 

• Place this beaker onto the scale. 
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Mixing of the layers 

The surface layer of the ocean, from zero to 200 m deep, 

is the best-mixed area of the ocean . As the w ind blows 

across t he su rface ofthe ocean, currents and turbulence 

are created . This water movement mixes the fi rst 200m 

of the ocean, making it fa irly un iform in bot h temperature 

and sa linit y. 

Mixing of the layers within the ocean can also be density 

driven. For examp le, if the surface of the ocean coo ls, the 

density of t he water w ill increase. As the densi ty increases, 

the water sinks, ca rrying w ith it all the nutrients and 

dissolved gases t hat it contai ned at the su rface, m ixing 

w it h the higher density wate r that is rising. 

~Qi~Wirt:l!1iiillWI3 

3 What impact do temperature and salinity have on 

density? 

4 Sketch what you would expect the thermocline to 

look like in an Arctic environment. 

• Add water until the sca le reads 1000 g (approximately 
4 cups of water) . 

• Add a few drops of blue food colouring and mix until 
consistent. 

• Prepare fresh water. 

• Place 1 dm3 of water into the second beaker. 

• Add a few drops of red food colouring and mix until 
consistent. 

• Place fresh water into the aquarium and let it sett le t il l 
calm . 

• Slowly add sa lt water along the side of the aquarium. 

Conclusions 

1 As you are add ing the salt water to the aqua ri um, what 
do you notice? 

2 Why do you think th is is happening? 

3 Predict what would happen if a vo lume of hot, salty 
water was added to the ta nk. 

4 Is there a halocl ine in your aquarium? Sketch a diagram 
of your aquarium to indicate where it is. 
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7.3 Physical qceanography 
When studying physicWI oceanography, a scientist must 

take into account ma physica l factors that are in fact 

completely outside th ocean. Physical oceanography 
I 

involves the gravitatio al pull of the Moon and Sun, the 

atmosphere, and the neven heating of Earth's largely 

water-based surface. 
1

11 these pieces of the global 

envi ronment play a pa
1
rt in the formation of and changes 

within the marine environment. 

Tides 
A tide is the regular rise and fall of bodies of water as 

dictated by the gravitational interactions of the Moon, 

Earth and Sun. Tides c
1
r n be found in all coastal areas as 

wel l as large lakes. Mos;t coastal areas have tides with an 

interval of 12.5 h, crea~
1

ing two high tides and two low tides 

each day. Tidal patter~s like this are cal led semi-diurnal 
and the tides are easy fo predict. Areas with only one high 

tide and one low tide e
1
ach day have a diurnal tidal pattern. 

Tide: the periodic rise and fall of the surface of the ocean 

resulting from the gravitational pull of the Moon and Sun 

Semi-diurnal: occurring twice daily 

Diurnal: occurring daily 

Tidal range 

Tidal range, or tidal ar plitude, is the difference in height 

between the low-water mark and the high-water mark 

on a coastline (Figure l8). Tidal range va ri es all over the 

world and from day to day. This variance is due to the 

gravitational effects of. the Moon, Earth and Sun as well 

as physical features of the coastline where the tide is 
occurring. 

Spring and nea p tides 

Spring tides create the greatest tidal range for coasts. 

These tides are not reliant on seasons, but rather on 

phases of the Moon . Spring tides occur during the phases 

of new moon (when the Moon is dark) and full moon. So a 

spring tide can be predicted to happen twice a month. 

During spring tides, the Earth, Moon and Sun are in a 

straight line, with either the Earth between the Sun and 

Moon or the Sun and Moon on one side of Earth (F igure 

7.9). This alignment amplifies the gravitational effects the 

Moon and Sun have on Earth, creating what is often called 

a larger than usual ocean bulge. This results in the highest 

of the high tides and the lowest of the low tides. 

Neap tides have the smallest tidal range, with the highest 

low-tide marks and the lowest high-tide marks. During these 

tides, the Sun and Moon are at a right angle to each other, 

with the Earth as the pivot point (Figure 7.9). Neap t ides occur 

during the first- and third-quarter moon phases. During this 

t ime the Sun and Moon are pulling the ocean in opposite 

directions, creating a smaller than average ocean bulge. 

Tidal range: the difference in height between the high-tide 

mark and the low-tide mark over the course of a day, also 

called the tidal amplitude 

Spring tide: a tide that occurs when the Sun and Moon are 

aligned, causing the largest tidal range 

Neap tide: a tide that occurs when the Moon and Sun are at 

right angles from each other, causing the smallest tidal range 

~ hightide 

tidal range 
. . 

low tide 

. . 
: . . . . ; . . .· .. . . 

----:..... . ; 

Figure 7.8. How to detf rmine tidal ran ge. 
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spring tide (full moon) neap tide (first quarter moon) 

ocean bulge ocean bulge 

Sun Earth Moon 

ocean bulge 

ocean bulge 

spring tide (new moo1) neap tide (last quarter moon) 

Figure 7.9. Position$ of t he Sun, Moon and Earth and how that determines the tide. 

Physica l factors aff 
11

cting t idal range 

Depending on the pe of tide, as well as certain physical 

factors, the tidal ra ge in different parts of the world can 

vary from 12m to early nothing. The factor with the 

greatest influence n the tidal range is the coastline itself 

The slope of the co stand the size of the body of water 
I 

it contains, combi~~d with local weather conditions, all 

influence the tidal nange 

The shape of the co stline plays a large role in the size of the 

tidal range. If the tid is entering a particularly narrow channel 

(for example a river outh or entrance to an estuary), the 

tidal height is incre9 ed because the water is being forced 

into a smaller area. I, however, the tide is happening along 

an open beach, the ida I height is much smaller because the 

same volume of wa er is more spread out. 

An extreme examp
1
!e of the coastline changing the tidal 

amplitude is the B~y of Fundy in Canada, home to the 

highest tidal rangel in the world. The average spring tide 
range here is 14.5 . The highest water level recorded 

in the Bay of Fund 21.6 m, occurred during the tropical 

cyclone Saxby Gal in 1869, providing evidence of another 

physical factor affecting tides: the weather. 

Weather is a majo ~Jfactor in tide heights. In particular, 

changes in wind a ~d air pressure can have incredib le 
I. 

effects on tidal range. During a tropica l cyclone, air 

pressure is much lower than usual, allowing water to 

swell. There are also high winds capable of pushi ng water 

onto the shore. Combined, these two factors are capable 

of creating a tidal surge, which is a dangerous rising of 

water higher than the predicted levels of the t ide. 

Tidal surge: the coastal flood or tsunami-like phenomenon 

of rising water, associated with low pressure weather 

systems, also called a storm surge 

Open ocean, seas and lakes 

In the open ocean, tidal ranges are sma ll, approximately 

0.6 m. For the most pa rt, the difference between high and 

low tide is unnoticeable, unless you enter t he continental 

margin, where the water begins to get sha llow. Small 

bodies of water, li ke the Med iterranean or Red Sea, also 

have t ida l ranges, but t hey are min ima l. Small t ida l ranges 

even occur in large lakes, such as Lake Superior in the 

northern United States, but the effect is usually masked by 

the winds blowing across the lake. 
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Graphing and interpreting tidal data 

Graphing data sets is an important skill in science. Equally important is being able to determine what 
the data mean. The following data set is of the height of the tides above and below mean sea-level for 
Barcelona, Spain (Table 7.3). 

date \ high-tide level / 111 \ tow-tide level / 111 \ tidal range I 111 

1 June I 0.55 I 0.50 I 0.05 
-
2 June I 0.59 0.46 
-

3 June I 0.66 I 0.31 

4 June I 0.76 I 0.13 
-

5 June I 0.90 I - 0.06 
-

6 Jun I 0.98 I - 0.23 
-

7 June I I 1.05 I - 0.37 
-

8 June 1.13 - 0.46 

9 June 
" 

1.18 -0.50 

10 June 1.19 - 0.48 

P,gune I 1.15 I - 0.42 

12 June 1.05 - 0.31 

13 June 0.90 - 0.17 

14 June 0.72 - 0.02 

15 June 0.53 0.12 

16 June ~ 0.34 0.25 

Table 7.3. Height of t ides above and below mean sea-level in Barcelona, Spain. 

Worked exampl 
Tidal range is determined by subtracting the low-tide value from the high-tide value. 

high tide - low tide = tidal range 

As an example, 1 June has been completed for you: 0. 55 - 0.50 = 0.05 

Questions 

1 Before setting up a graph, calculate the tidal range for each date and complete Table 7.3. 

2 a Using stan! ard graphing paper, create a graph representing the change in tidal range over 
time. Make sure your independent variable (date) is on the x-axis and your dependent 
variable (tiaal range) is on they-axis. 

b Using your knowledge of tides, circle the date(s) of the spring tide(s) on your graph and 
explain why you chose that date(s). 

c Using yourt kno~ledge of tides, draw a square around the date(s) of the neap tide(s) on your 
graph and h plam why you chose that date(s). 

I! 



Current: a continLous physical movement of water caused 

by wind or density 

Coriolis Effect: a force that results from the Earth's rotation 

that causes objects or particles in motion to deflect to the 

right in the Northern Hemisphere and to the left in the 

Southern Hemisphere 

Currents 
Within any large bopy of water, you will find currents. 
In the ocean, currewts are the continuous movement of 

seawater in a parti ~ular direction. Currents carry with them 

nutrients, dissolve~ gases and heat. Organisms can use 

currents to travel frp m place to place. Currents are created 

by different physic~ [ forces acting on the water, such as 

w ind, the Coriolis ll:ffect, temperature, sal inity and tides. 

There are two major types of currents in our oceans: 

surface currents and deep-water currents. 

Surface current~: 

Surface currents a ~r typica lly driven by the wind. These 
currents are steadY' and dependable as a resu lt of global 

wind patterns caused by an uneven heating of the Earth 's 

surface by the Sun !jAreas with large amounts of so lar 
radiation (for exam

1

ple the equator) have excess heat in the 

air, causing it to risV in the atmosphere. As that air rises, it 

~ - ---.~-·~--
____ .... 
Pacific \ 
Ocean 

../ I 

~ --:.~ 
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begins to lose some of its heat energy until it begins to sink 

in areas with less radiation and cooler temperatures. This 

movement of air in convection currents forms predictable 

winds, leading to constant su rface sea currents at different 

latitudes (Figure 7.10). 

In the Northern Hemisphere, these cu rrents tend to have 

a clockwise spira l, while in the Southern Hemisphere 

they have a counter-clockwise sp iral. Th ese sp ira l 

patterns are caused by the Corio li s Effect. The Corio! is 

Effect is a resu lt of the Earth 's rotation. As an object 

moves across the rotating Earth, the object swerves 

sli ghtly to th e left or right rather than travelling in a 
stra ight line. So, as wind blows the seawater across the 

ocean surface the rotation of the Earth actua lly deflects 

the water at a 45° angle. That is why wind and currents 

have spi ral patterns away from the equator in both 

hemispheres (Figure 7.11). 

Deep currents 
Deep-water currents (thermohaline ci rculat ion) are 

driven by differences in density caused by sa linity and 

temperature. These currents ha ppen along the ocean 
floor and cannot be detected by satellite imagery the way 

su rface currents can. Th e movement of these currents 

over the planet is called the 'global conveyor belt' 
(Figure 7.12). These slow-moving currents carry a huge 

vo lume of water: more than 100 times the f low of the 

Pacific 
Ocean 

~;;:::,:) 
~cean 

-~ 

~~ 

.· 

Figure 7.10. Surface currents in the ocean. 
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Figure 7.11. Diagram ofthe Coriolis Effect on objects 

moving over the Earthls surface. 

Amazon River. The global conveyor belt starts at the North 
Po le when the cold water freezes into sea ice, leaving 

behind the salts, which do not freeze. This now denser 

water downwells, causing a mixing of the water co lumn, 
until it reaches the bottom of the ocean . The water then 

begins moving south through the Atlantic Ocean towards 

Antarctica. In Antarctica, it picks up more co ld water and 

then splits. One part of the belt goes towards the Ind ian 

Ocean and the other towards the Pacific Ocean. In the 

Indian Ocean, this cold water moves northwards towards 

the equator, bringing nutrients to the eastern African 
coasts. The water warms as it moves towards the equator, 

so it begins to rise to the surface. When the water cannot 
rise any longer, it loops back through the south Indian 
Ocean as a warm su rface current. 

The cold water in the Pacific Ocean moves through the 

equator towa rd the northern Pacific. As this water warms 
it also rises, becoming a warm surface current along 

the western coast of North America. This warm current 

then wraps around the northern coast of Australia and 

reconnects with the Indian Ocean portion of the global 

conveyor belt. Together, these warm currents flow through 

the Atlantic Ocean back towards the North Pole, where the 
entire process wil l begin again. 

Pacific 

ne circu lation (the global conveyor belt) showing the distribution of heat worldwide. 
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Upwelling: the movement of cold, nutrient-rich water from 

deep in the ocean to the surface 

Upwelling 
Upwelling is the ! ovement of cold, nutrient-rich 
water from these bed vertically to the ocean's surface. 

Upwelling can be aused by winds forcing the wa rmer 

surface water aw4 from the coastl ine and creating 

a low pressure zo · e that brings colder water to the 

surface (Figure 7.]8). Upwelling can also be caused by 

the topography ol the seabed . A mid-ocean ridge, or 
sea mount, can d fleet a cold water current upwa rds 

causing upwelling This movement of nutrient-rich 

water upwards ac s as fertiliser for surface waters, 

increasing the productivity of producers in the area. 

An excess of prod wcers and biomass then increases the 

biomass of consumers, making areas w ith upwelling 

very healthy ecosystems with a lot of biological 

productivity. 

surface winds -"1 '---~ ----~ ----:10-

push surface wa~e r away from an area 

( 

warm~~r surface water ____., 
moves offshore 

II ___ ~· 

'\ 
...... 
... ~ ,, 

/~ -
deeper, colder, nutrient-rich water 
rises up from beneath the surface 
to replace the water that was 

~away 

upwelling 

Figure 7.13. The process of upwe ll ing as a result of surface 

winds. 

5 If you owned a seaside home and a bad storm 

brought heavy winds and high surf to your 

coastline, would you prefer it to be during a new 

moon or a quarter moon7 Why7 

6 Compare anc con t rast a current and a tide. 
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El Nino Southern Oscillation 
Normal conditions 
Under normal conditions (Figure 7.14), currents flowing 

north along the west coast of South America bring cold, 

nutrient-rich water towards the equator. This flow of 

water is part of the global conveyor belt. As strong south­

westerly winds blow water away from the coast of South 

America, the cold, nutrient-rich water moves toward the 

surface, causing upwelling and high levels of productivity 

off equatorial South America. Th is leads to large numbers 

of small fish (for example anchovies and sardines), wh ich 

support a substantial fishery industry, along with many 

species of sea birds and large marine consumers. 

However, on the other side of the Pacific, these westerly 

win ds push large amounts of warm water towards Australia 

and Asia. The water levels in the western Pacific Ocean 

are about 0.5 m higher than those found in the eastern 

Pacific Ocean. The warm water that has been pushed west 

evaporates, creating massive storm clouds and bringing 

large amounts of much-needed rain to Australia and Asia, 

wh ile keeping the eastern Pacific fairly dry. 

El Nino: a warm current that develops off the coast of 

Ecuador around December, which can cause widespread 

death within local food chains 

El Nino conditions 
Every 3-5 years (sometimes as long as 7 years), the weather 

pattern in the Pacific Ocean changes. The change is 

referred to as El Niiio or the El Nino Southern Oscillation 

(ENSO). The prevailing trade winds that normally blow 

from east to west along the equator stop blowing in their 

normal pattern. Instead these winds reduce, preventing 

warm water and moist air from moving to the west (Figure 

7.15). The warm water builds up along the coast of South 

America, stopping the upwelling that usually occurs when 

the Humboldt Current brings cold water to the surface. 

Indonesia and Australia experience drought conditions, 

because of a reduction in ra infall, while Peru and the 

eastern Pacific experience increased rainfall . 

Without the upwelling off the South American coast, there 

is no fresh supply of nutrients or colder water to reduce 

surface temperatures . As a result, many co ld-water species 

die and primary productiv ity goes into a steep decl ine due 

to lack of nutrients. The lack of producers impacts upon 

every other level of the local food webs . 
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Figure 7.14. Normal weather conditions in the equatorial Pacific Ocean. 

equator 
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Figure 7.15. El Nino coriditions in the equatorial Pacific Ocean. 

This causes both the ecosystems and the fishi ng industries 

to fai l during these t imes. 

El Nino is a natu rally occurring phenomenon, but its 

exact ca use is not kn o
1
yvn. A problem with determining 

the ca use is t hat not a ~ l El Nino yea rs begin or progress 

in the sa me way. There has been some speculat ion that 

cl imate change is an e~ace rbating factor in the increas ing 

occurrence of El Ni no f ondit ions, but it is unl ikely that this 
is t he only factor invo l~ed. 

suppressed upwelling 

Major El Nino events 
Scientists use the Oceanic Nino Index (ON I) to identify 

El Nino events. Th e ONI tracks average sea-surface 

temperature in the equatorial Pacifi c region in 3-month 

increments. If there are five consecutive overlapping 

3-month periods with sea-surface temperatures at or more 

than +0.5 oc above average temperatures, they consider it to 

be an El Nino event. There have been a few 'very strong' El 

Nino events in the past few decades according to the ON I. 



'I 
• 1982-83: sea-s~:rface temperatures rose to 2.1 oc above 

average and ca ~sed massive flooding along the eastern 
Pacific basin. 

• 1997-98: the strongest El Nino event recorded so far, 

sea-surface te rY]peratures rose 2.3 oc above the average 

temperature. 

• 2015-16: scienti ~ts believe this event may equal or 

surpass the 1997-98 event, sea-surface temperatures 

had risen 2.3 oc above the average sea-surface 

temperature by May 2016. 

Monsoons 
Asia is widely consi~ered to be the largest continent. 

Because of its size, Asia is home to a multitude of biomes and 

climate conditions.J rom the wa rm, wet rainforest in south­

east Asia to the co l , dry deserts in northern Asia, nearly 

every climate can be found in this large region. One feature of 

the climate in sout~1ern Asia is the monsoon. Monsoons are 

seasonal winds that come from the Indian Ocean. 

Monsoon: seasonal winds in India that blow from the south­

west during the summer and the north-east during the winter 

Monsoons are created by the uneven heat capacity of land 

and sea . During the summer months (May-August), the 

land absorbs solar ~adiation much faster than the Indian 

Ocean, creating a l9rge temperature difference (Figure 7.16). 

The air over the lanf: mass is then heated as the warmth 
from the land is re- adiated to the atmosphere. This air 

rises as its density ecreases and draws in the denser, 

warm, humid air thWt was lying over the Indian Ocean. The 

wind created by thi~ vacuum blows from the south-west 

and brings thundeq;torms and torrential rain. Summer 

monsoons accounn for 80% of the yearly rainfal l in India, 

causing flooding w~ ile also supporting their primary 

agricultural crops like rice and cotton. 

In September, the t~mperature difference between the 

land and ocean begins to even out, reducing the w inds. By 

October, and throu~h the winter months, the oceans hold 

more heat than th ~ landmass. This means the saturated 

air over the ocean begins to rise and become less dense. 

In order to fill the vacuum left by this rising air, cool, dry air 

from the lan dmass begins to blow toward the ocean from 

the north-east. The wind blowing from the north-east is 

cal led the 'post-m onsoon'. All the moisture evaporated 

from the ocean rermains over the ocean, where rainstorms 

(a) 

(b) 
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Figure 7.16. Monsoon winds during summer and winter. 

release the water back into the ocean. Meanwhile the Asian 

landmass is left with drought conditions until the summer 

monsoons return. 

Tropical cyclones 
In the Indian and south Pacific oceans, large storm systems 

with wide, low-pressure centres, strong winds (over 120 km h-1
) 

and heavy rains are called tropical cyclones. Elsewhere, 

storms with the same physical structu re and method of 

formation have different names. In the North Atlantic and 

north-east Pacific, these storms are called hurricanes. In the 

north-west Pacific, they are called typhoons. In this book, 

these storms are all called tropical cyclones. 

Tropical cyclone: a localised, intense low-pressure wind 

system that forms over tropical oceans with strong winds 

Hurricane: a tropical cyclone with wind speeds of more 

than 120 km h-1, generally applied to those occurring in the 

Atlantic Ocean and northern Pacific Ocean 

Typhoon: a tropical cyclone in the Indian Ocean or western 

Pa cific Ocean 

I 
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top view 

26.5 oc water 

cross-section 

a t rop ica l cyclone. 

Formation 
Everywhere in the wo ~~d, these storms always form under 

the same conditions. ~or a tropical cyclone to form, there 

must be a large body t warm water (temperatures higher 

than 26.5 oc). As the ailr over th is warm water heats up, it 

begins to rise becaus~1 of its decreasing density, even as 

it is filled with water vapour through evaporation . Th is 

rising air creates a loJ~ pressure area, often called 'the 

eye', over the water, drawing in cooler air. The cooler air 

begins to create w i nd~, as it too warms and rises, drawing 

evaporated water vapr ur with it. Once risen, the water 
vapour in the wa rm ai ; condenses and releases 

large amounts of stor(td energy in the form of heat 
II 

(latent heat). This he~t energy works to wa rm even 

greater amounts of ai(; causing even more evaporation and 

drawing in larger wi n~s and fuelling the development of a 
trop ica l cyclone (F igure 7.17). 

low pressure centre 

low pressure wall 

I ~" ... .. high-level 
~-- winds -· • ·· 

L . 

Condensation (condense): when water changes from 

vapour to liquid, the energy needed to maintain the vapour 

state is released into the atmosphere 

Latent heat: the quantity of heat gained or lost per unit 

of mass as a substance undergoes a change of state (for 

example vapour to liquid) 

This system of warming and rising begins to spin because 

of the rotation of the Earth and the Coriolis Effect. As the 

air rises, it does so at a 45° angle from the winds coming 

into the low-pressu re zone. In the Northern Hemisphere, 

cyclones rotate counter-clockwise; in the Southern 

Hemisphere, they rotate in a clockwise direction. 

This spinning system of high winds and latent heat is not 

stationary. As the prevailing winds blow the warm water 



currents that feed ~hese storms, they also push the storms 
in the same directi n. In the northern Atlantic, for example, 

hurricanes are pus ed by the north-east trade winds from 

the western coast f Africa across the Atlantic towards the 
Gulf of Mexico. Sci~ntists use computer-based models to 
predict the path or ''track' of the storm. 

Imp;,,.- 01 :o. 1s·; · co1 ,mu,-"· 1es 

The high winds an~ torrential rains of tropical cyclones 

can be incredibly d'~ ngerous and dest ruct ive to the 
communities- both human and ecological- within their 

path. The wind dur!ng a tropical cyclone often blows 
steadily over 90 km h-1 and can gust up to 280 km h-1. Such 

high winds destroyl coastal properties and cause incredible 
damage to the buil environment. Huge waves erode 

shorelines and da 
1 
age moored boats. 
I 

Storm surges (drasti , unpredictable increases in sea-level) 

and heavy rainfall o I en accompany tropical cyclones. 

Between the storm urges and increased precipitation, 

flooding is inevitabl in low-lying coastal areas. These floods 

are capable of causi g many drownings within the storm area. 

Chemical and physical oceanography share a connection 

that allows life to survive on this planet. 

Upwelling is caused by physical factors (for example 

temperature differences) that can change the chemical 

make-up of coastal ecosystems by bringing in fresh 

nutrients. 

These nutrients increase productivity in the area and 

support incredibly biodiverse food webs and major fishing 

industries. 

The average sal nity of the ocean is 35%o. 

The salinity and gaseous dissolution of seawater vary 

depending on environmental and physical conditions such 

as temperature, density and pressure. 

Chemicals and gases enter the ocean through dissolution, 

run-off and volcanic eruptions. 

Layers form in the ocean based on temperature and salinity 

differences, creating varying degrees of density. The denser 

a layer is, the lower in the water column it will be. 

As temperature increases, dissolved oxygen decreases, 

except where there are a large number of producers 

photosynthesising. 
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Ecologically speaking, these storms have both positive 
and negative impacts. The storms and accompanying 

storm surges lead to erosion, loss of shoreline and 

loss of coral reefs (see Chapter 5). However, the heavy 
rainfall may happen in places with a dry, arid climate . 

The influx of rain helps the people and organisms in 

the area survive. Add it ionally, storm surges carry many 

nutrients to coasta l commun it ies. This means that the 

reservoir of nutrients stored in the coastal waters is 

refilled . Producers in the affected area are no longer 

limited by a scarcity of nutrients and overall productivity 

is increased. 

7 Describe how wind patterns are related to the El 

Nino Southern Oscillation . 

8 How could El Nino lead to increased numbers of 

tropical cyclones? 

Spring tides have the greatest tidal range and happen when 

the Moon, Sun and Earth are in a straight line. 

Neap tides have the smallest tidal range and happen when 

the Moon and Sun are at right angles to each other. 

The uneven heating of the Earth creates winds that blow the 

water of the ocean, creating currents. 

The Earth rotates, forcing the winds and currents to move at 

a 45° angle (the Coriolis Effect), creating a circular pattern. 

El Nino happens when there is less cool water and 

therefore warmer conditions in the eastern Pacific, 

so upwelling off the western South American coast is 

suppressed. Cooler than normal conditions prevail in the 

western Pacific. 

Monsoons are seasonal winds that bring flooding in the 

summer and drought in the winter. 

Tropical cyclones form over warm water in areas with a low­

pressure centre and bring strong winds and heavy rains. 

Tropical cyclones are also known as hurricanes and 

typhoons. 

I 
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Exam-style questions 

1 a Outline the principles behind the Coriolis Effect. 

b Explai n the impact of the Corio lis Effect on tropical cyclones. 

c Table 7.4 shows the air pressure at different distances from the centre of a tropical 

cyclone. 

distance from centre of cyclone I km I air pressure I millibars 

100 980 

80 976 

60 970 

40 964 

20 956 

0 916 

20 956 

40 964 

60 970 

80 976 

100 980 

Table 7.4. Air pressure at different distances from the centre of a tropical cyclone. 

Plot these data on a graph. 

ii Explain why the lowest pressure is at the centre of the cyclone. 

[4] 

[3] 

[4] 

[2] 

[Total mark: 13] 

(a) 

Asia / 

120°E 

2 a Figure 7.18 compares normal and El Nino conditions in the Pacific. 

normal conditions 

---- - --~------· 
I 

I 

~ 

aoow 

(b) 

120°E 

El Nino conditions 

aoow 
- hot water D cold water 

Figure 7.18. (a) Normal conditions and (b) El Nino conditions in the Pacific Ocean. 
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With reference Figure 7.18, compare El Nino conditions with normal 

cond it ions in the equatorial Pacific. [2] 

ii Using Figure 7.18, explain why there is a smaller fish harvest in El Nino years. [6] 

b Outline how the weather cond it ions in an El Nino year can influence the 

formation of tropical cyclones in the Pacific Ocean. [3] 

[Total mark: 11] 

3 a Compare summer monsoons in Ind ia with those in wi nter. 

b Discuss the impacts of monsoons on the people of India. 

[8] 

[2] 

[Total mark: 10] 

4 a Figure 7.19 displays the depth distribut ion of dissolved oxygen and 

carbon dioxide in the ocean. 

o ~--------~------

.§ 
£ 500 
c. 
Q) 
'0 

low 

dissolved 
oxygen 

high 

0,-------~--------

500 

dissolved 
carbon dioxide 

low I high 

Figu re 7.19. Depth distribution of dissolved oxygen and dissolved carbon 

dioxide in the ocean. 

With reference to Figure 7.19, describe how the oxygen minimum layer forms. [5] 

ii Describe what is happening in the carbon dioxide graph of Figure 7.19. [2] 

iii Suggest a reason for these data. [2] 

[Total mark: 9] 
../ 
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Biomagnific~tion in Minamata Bay 
Minamata, Japan, is a small town on the western coast ofKyushu, the southernmost island in Japan's 
archipelago. Histo+cally, this town was a fi shing and farming village where the people were typically rural 
and poor. The maj <t,rity of the people living there consumed the fish and shellfish caught in Minamata Bay, 
the estuary the tow

1
n was built on. 

E . 11 1 d nvtronmenta amage 
In 1932, the ChissJI Corporation, a local employer of more than 20 years, moved a new industry into 
Minamata. Becaus~ of increasing demand, a factory for acetaldehyde was built on the shores of Minamata ,, 
Bay by the Chisso <r,orporation. Acetaldehyde is an essential ingredient in plastic production, a relatively 
new technology at1he time. A necessary component in the process used to make acetaldehyde is the heavy 
metal mercury. U!· ortunately, the mercury used in this process also became part of the untreated waste 
water that was rele sed into Minamata Bay. 

While we now kno
1 

that releasing untreated waste water into a water source is not a good idea, this was 
a common practice at the time. People did not have the scientific knowledge we now do to understand 
the environmental! impacts these chemicals could have. For instance, people did not know that, when 
mercury was releaJ1ed into Minamata Bay, it was forming the compound methylmercury chloride, or 
simply methylmer~ury. They also did not know that this new compound was slowly being absorbed by the 
phytoplankton in Jf e bay and working its way into the food web (see Chapter 2). 

Mercury is a dangJrous substance to have in a food web. Methylmercury chloride is even more dangerous 
because it is a com~ound capable ofbiomagnification. This means that, when eaten, methylmercury is 
not excreted or digested as most chemicals and foods typically are. Instead, the compound is stored in the 
different tissues of the organism that ingested it. These tissues, full of toxins, are then passed on to the next 
organism in the fobd chain as biomass. So, the further you go up the food chain, the more concentrated 
methylmercury be~omes in the tissues of the organisms of Minamata Bay (Figure 7.20). These organisms 
include the humad~ reliant on the bay for sustenance. 

1 ... 

\I 
""------

gnification of methylmercury in Minamata Bay. The red dots 

ortional concentration of methylmercury in the tissues 

of organisms. 
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Despite the elevated toxin levels in the bay's organisms, the results of the mercury toxicity were not 
immediately n9ticed. In fact, it was decades before people really began noticing the evidence that there was 
a problem. Of course, by then, many people in the town were already affected. 

Evidence of toxicity 
By the 1950s, fi~h began floating in Minamata Bay. Chisso paid the fisherman for any possible damage 
to the water of Jhe bay, so this was overlooked. However, about this time local cats began acting very 
strangely. The:J began walking and swaying on two legs, giving an appearance of dancing, hence the name 
'dancing cat diiease' became popular. This dancing movement often left the cats disoriented, causing them 
to fall into the )"'aters of Minamata Bay. When people saw this, they said the cats were committing suicide. 

In the early 1950s, symptoms of the dancing cat disease began to appear in humans within the village. 
People began tf have trouble walking and performing simple, everyday tasks, such as buttoning up a shirt. 
The symptoms rogressed to paralysis, hearing loss, aphasia, convulsions and, in severe cases, death. 

In 1956, there as an epidemic of the disease in the village. Scientists were called in to discover the 
cause of this debilitating disease. By the end of the year, evidence of mercury toxicity in the shellfish of 
Minamata Bay ~ed researchers to discover that heavy metal poisoning was the cause of this disease. By 
measuring mercury levels in the tissues of organisms (Table 7.5) from the bay, cats and infected humans, 
scientists were (ble to create a clear chain of evidence for mercury poisoning. However, it was not until the 
1960s that s~ie,~ists were able to identify conclusively the Chis so Corporation's factory as the source of the 
mercury pmso~mg. 

grey mullet (fish) 

china fish I 
crab , 
cat (liver) II 

human (liver) 

y 
Minamata Bay. ! 

Questions 

10.6 

24.1 

35.7 

up to 145.5 

up to 70.5 

p g g 

1 Using Table ry.5, create a food chain of at least four animals illustrating how the toxins moved from one 
organism to .the next. 

2 Estuaries, lil e Minamata Bay, are usually sheltered areas with a narrow opening to the ocean. How do 
you think th(s amplified the biomagnification issue here? 

3 Define bio~agnification in your own words. 

4 How does Tjlble 7.5 support the conclusions of scientists that mercury toxicity was the cause of dancing 
cat disease? 

I 



Learning outcomes 
By the end of this chapter, you should be able to: 

explain the important role of primary producers in marine environments 

• explain why different habitats are characterised by different primary producers 

• describe the process of photosynthesis and how it is affected by limiting factors 

• explain how accE,?ssory pigments are used by marine primary producers to use different wavelengths of 

light at different depths of the ocean 

apply what you have learnt to new, unfamiliar contexts. 


