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Evolutionary Physiology of Algae and Aquatic Plants

Photosynthetic organisms have an enormous in�uence on our environment through 

their effects on the development of other life on Earth and the way they alter the 

planet’s geology and geochemistry. This book takes a unique approach by examin-

ing the evolutionary history of the major groups of aquatic photoautotrophs in the 

context of the ecophysiological characteristics that have allowed them to adapt to the 

challenges of life in water and thrive under past and present environmental condi-

tions. The important role played by aquatic photoautotrophs on a planet undergoing 

unprecedented anthropogenic change is also highlighted, in chapters on their critical 

function in mitigating environmental change through their physiological processes 

and on the role of algae in biotechnology. This invaluable resource will be appreciated 

by researchers and advanced students interested in the biodiversity and evolutionary 

physiology of the full range of aquatic photoautotrophs, and their interaction with the 

environment.
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Photosynthetic organisms have had an enormous in�uence on our environment. They 

have not only affected the development of other life on Earth but have also altered 

the geology and geochemistry of the planet. Early photosynthetic organisms (invaria-

bly bacteria) used light energy to drive assimilation of inorganic carbon into organic 

matter, using electrons from highly reduced compounds such as hydrogen, hydrogen 

sul�de or ferrous iron. The evolution, in cyanobacteria (or their progenitors), of the 

capacity to split water as a source of electrons, starting around 2.8 billion years ago, 

changed this situation dramatically since water splitting results in the release of oxy-

gen. The Great Oxidation Event from ~2.4 billion years ago saw large increases in 

atmospheric oxygen levels resulting from organic carbon burial. The oxygen in the 

atmosphere reacted with ultraviolet (UV) radiation from the sun to form ozone in the 

stratosphere, and this ozone layer has since then shielded us from much of the more 

damaging UV in solar radiation. Oxygen also resulted in changes in the oxidation 

state and availability of elements such as iron and other metals as well as other impor-

tant nutrients such as nitrogen and sulfur. These changes, and their consequences for 

photosynthetic organisms, are discussed in Chapters 1–3.

The original oxygenic photolithotrophs were cyanobacteria. Through endosymbi-

osis, a cyanobacterium was incorporated into a eukaryote to form chloroplasts of the 

Archaeplastida, that is glaucophyte, red and green algae. Further endosymbiosis of 

red and of green algae yielded the rest of the micro- and macro-eukaryotic algae. In 

turn, charophyte green algae gave rise to terrestrial plants, and it is from these that 

the remaining group of aquatic phototrophs, the aquatic embryophytes, evolved. The 

evolutionary history of these major groups of aquatic photolithotrophs, and some of 

the physiological challenges they face, are discussed in Chapters 4–6.

Aquatic oxygenic photolithotrophs play a critical role in the functioning of the 

planet today. The cyanobacteria, algae and aquatic embryophytes in freshwater and 

marine ecosystems account for half of the global primary productivity and play critical 

roles in biogeochemical cycles. These organisms function under a range of environ-

mental factors that pose physiological challenges in present-day situations. How they 

operate under these different conditions is discussed in Part II of the book that covers 

physiological responses to factors such as visible radiation, UV radiation, desiccation, 

salinity and nutrient availability (Chapters 7–11). There are also chapters discussing 

alternative metabolic strategies such as photo-phago-mixotrophy (Chapter 12) and the 

impacts of pollutants (Chapter 13). Some environmental challenges can be considered 

extreme, and the ability of algae and cyanobacteria to function in unusual and extreme 

situations is discussed in Chapter 14.

Preface
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x Preface

The book was the brainchild of our friend and colleague, Mario 

Giordano, who enlisted the other three co-editors to his cause. 

Sadly, Mario passed away far too prematurely, in December 

2019, without seeing this project come to fruition. His untimely 

passing also slowed down progress by the remaining editors, so 

the production of this volume has been drawn out for far longer 

than intended – we are grateful to the contributing authors (and 

indeed our publishers, Cambridge University Press) for their 

forbearance in the light of our tardy progress.

Our planet is experiencing a period of unprecedented change associated with 

anthropogenic causes. This book therefore closes with chapters dealing with phys-

iological processes of aquatic photolithotrophs on a planet undergoing considerable 

changes in its climate, UV radiation levels and nutrient availability (Chapters 15–17) 

as well as a consideration of the role of algae in biotechnology (Chapter 18).

We are very grateful to the many people who contributed chapters to this book. 

These have allowed us to put together what we consider a careful and thorough dis-

cussion of the physiology of aquatic photolithotrophs in the context of evolutionary, 

present-day and future environments.

Professor John A. Raven FRS, FRSE sadly passed away 

in May 2024 just after the book proofs had been �nal-

ized. The scope and depth of his knowledge and insight 

were extraordinary and are evident in the range of his 

various contributions to this book. We are grateful for 

his friendship and collaboration over many years and 

for his input into the production of this book.

This book is dedicated to the memory of Mario and John.

Mario Giordano doing 

one of the things he 

loved: diving in the sea

John A. Raven
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We are grateful to Cambridge University Press for the opportunity to compile this 
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sons, this book has had a long gestation, and we thank everyone involved for their 

patience. Chris Beardall read through entire drafts of the book and made many useful 

suggestions to improve clarity, grammar and punctuation.
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