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INTRODUCTION

Seaweeds are extraordinary. Of all organisms, they are among those with some of the longest histories of existence on the planet. They have survived the turbulent upheavals of geological time – intense periods of immense heat and tremendous ice, the coming together of the landmasses in the time of Gondwanaland, the rise of the animals, colonization of the land and then the breakup of the landmasses into the continents we recognize today – constantly evolving and innovating to survive.

That immense journey from their origins to the present day is imprinted both in the shape we see on the outside and in the DNA in nuclei, mitochondria and chloroplasts in their cells. And as the seaweeds have been shaped by their long history, so in turn they have shaped, and continue to shape, the habitats that support life in the shallow seas. Seaweeds are the great travellers through time and, as such, they hold a precious record of persistence and innovation, with clues to the past, present and future of our planet.

Discovering a world of colour

My fascination with all things marine began when I was just a small child: I was captivated by seashells and would sit happily in my high-chair sorting through a bag of shells I had been given to play with. At the age of ten, while on holiday in France, I was gifted a collection of shells from the Indo-Pacific by a fellow hotel guest. I have always been drawn to colour and light, and some of the shells had the most exquisite mother-of-pearl coatings that utterly entranced me – I still have those shells today. It was, however, a sixth-form field trip that introduced me to the colourful and diverse world that disappeared and returned refreshed on a daily basis with the tide.

I hadn’t intended to become a phycologist (scientist specializing in the study of algae); my first job after my undergraduate degree was working as a terrestrial botanist in the mountains, surveying the flowers, grasses, ferns, mosses and lichens. It was when I took up scuba diving and went on my first dive that my life changed forever. I love colours, and here was a world full of the most diverse and colourful seaweeds you could imagine: reds, greens and browns of so many different shapes, sizes, shades and hues. I set my heart on working with seaweeds. My wish didn’t come true straight away, but after a little working in woodlands (which I loved), I had the opportunity to take up a post as a marine tutor and, in time, this led to further study in Ireland and to becoming a real phycologist. Over the years my curiosity to find the answers to simple questions such as ‘what is that seaweed and why is it there?’ has led me into the most amazing and inspirational area of science that I could ever have dreamed of.

Even now, I like to imagine visiting the rocky seashore or swimming beneath the waves in the shallow coastal waters for the very first time. Encountering a remarkable world where, for billions of years, shallow seas have formed a dynamic corridor between the land and the ocean depths. This is the realm of the seaweeds. Go anywhere in the world, from the balmy waters of the tropics to the cold seas of the poles, from the extent of sea spray at the top of the shore to over 300 metres (985ft) deep in the clearest waters, and there will be seaweeds. They are, in a sense, the most ubiquitous and yet least understood organisms on the planet. New species are continually being discovered and described – each one bringing to light a new piece of knowledge, but just as often posing more questions about the nature of life on our planet.

What are seaweeds?

Seaweeds are classified into three groups – reds, greens and browns – and are commonly referred to as ‘macroalgae’, both due to their size and because they are ‘algae’, a catch-all word used for all photosynthetic organisms that are not land plants. However, the group ‘algae’ encompasses an immense variety of organisms that are found across multiple, entirely different branches of the evolutionary tree.

Like land plants, seaweeds have the green photosynthetic pigment chlorophyll, but differ by the presence of additional blue and red pigments in the reds and yellowish pigments in the browns. Seaweeds are also distinguished from land plants by the lack of roots, stems or leaves. They have a holdfast for anchorage, sometimes with rhizoids for additional attachment, a stalk-like stipe and a blade or frond (see page 17). Just as with shape and colour, sizes vary enormously. The smallest seaweed might be just a minute thread resembling a human hair, or a collection of filaments forming a fluffy mini pompom, barely visible to the naked eye. At the other extreme, some seaweeds can grow to several metres in height, and the tallest of them all is the colossal giant kelp (Macrocystis pyrifera). Reaching 50 to 60 metres (164 to 197ft), this magnificent seaweed is twice the length of the blue whale (see page 125).

In the rankings of photosynthetic species on the planet, flowering plants are at the top, with around 382,000 species, followed by the fungi (including the lichens) at about 170,000. Algae come in third, with the latest figures identifying some 50,590 species. Of these, some 12,000 are seaweed. But these are just the species we know about, the ones that have been described by scientists. Given that vast tracts of our oceans remain largely unexplored, the true extent of the diversity of seaweeds remains unknown. New species are being discovered and described all the time – around 1,500 reds were described between 2012 and 2025 – even in places that have been studied for many years. I know from my own work in the South Atlantic and Southern Oceans that this is an age of discovery, but it is also a race against time to document the diversity of species that remain to be found as the climate catastrophe takes its grip, with dramatic losses in biodiversity.

‘Given that vast tracts of our oceans remain largely unexplored, the true extent of the diversity of seaweeds remains unknown’

There is so much seaweed biodiversity still to be discovered. Even in well-studied parts of the world, such as here in the UK, we are adding new species to the list every year, while many remote and deep-sea areas remain to be explored. Leading expeditions to extremely remote, potentially hostile regions of the planet is logistically challenging, but these explorations drive technological innovations and yield valuable new knowledge.

Identifying seaweeds with the naked eye is notoriously problematic: cryptic diversity, where different species look almost identical, is rife, along with considerable variation in shape within species. The introduction of molecular techniques over thirty years ago revolutionized our understanding of seaweed taxonomy and evolutionary relationships. Specimens are required for this work – all the more need for new technologies to sample those inaccessible areas.

What we do know is that seaweeds – red, green or brown – are survivors. The ancestors of the red and the green algae are ancient, and are thought to be the earliest known eukaryote organisms on Earth. At that time, there would have been less oxygen in the atmosphere and most life would have been microbial – but these little red seaweeds were already multi-cellular, and research suggests they had sexual reproduction. As a scientist, it is a marvel to me how these organisms could have endured and evolved through the millennia and yet retain their simplicity of form.

The oldest red algal fossils are from 1.6 billion years ago, and the origin date of the green algae is thought to be similar. The oldest green fossil found so far – the minute, multi-celled Proterocladus antiquus – is from one-billion-year-old rock in China. The relatively recent brown algae are from a completely different part of the tree of life and, at roughly 450 million years ago, witnessed the rise and fall of the dinosaurs. Then there are the kelps, the new kid on the block, which evolved a mere 20 million years ago and went on to change the very fabric of our planet, colonizing the ocean floor in giant forests that can be seen from space.

Seaweeds and their habitats are vital for marine ecosystem function. They support an immense diversity of organisms, provide nurseries for fish and places for sea mammals and birds to hang out, protect coastlines by buffering the waves, and so much more. We eat species such as dulse and nori (see pages 169 and 177), rely on essential seaweed extracts as additives in foods such as ice cream, yoghurt and jellies, and use pharmaceuticals and cosmetics containing seaweed every day, from shampoo to toothpaste. We farm seaweeds for these products, an industry that supports millions of livelihoods around the world. Ultimately, seaweeds are an integral, if often overlooked, part of our human journey and culture.

‘What we do know is that seaweeds – red, green or brown – are survivors’

In the process of writing this book, I have continued to be awestruck by these remarkable organisms. Each seaweed reveals a unique story, often unexpected, sometimes shocking, but always fascinating and ever mysterious. I hope that by reading these stories that started in deep time you will find inspiration and wonder in the seaweeds, just as I have.

THE ANATOMY OF SEAWEED

Seaweeds are often considered the plants of the sea, but they are entirely distinct from land plants. Seaweeds all share a basic body plan, but that is just the start, as there are myriad variations resulting in the astonishing variety that grace our shores, shallow seas and deep waters.

The entire seaweed – including blade/fronds, stipe and holdfast – is called the thallus. The diagram opposite shows the key features, introducing the essential terminology that will be used throughout this book. Further terms can be found in the Glossary on page 244.

Seaweeds come in many different forms
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Not all seaweeds have a blade or fronds. Some, such as the calcified red coralline algae (see page 113), come in the form of hard crusts or free-living nodules.
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Rhizoids are fine, hairlike filamentous growths that provide anchorage.
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ORGANISMS FROM DEEP TIME

Over 1.6 billion years ago, extraordinary organisms began to appear. Single-celled bacteria already existed, but these novel life forms were different: they represented the genesis of a whole new group of fantastic creatures. This was the dawn of the organisms that we recognize today, and there, at the very beginning, were the ancestors of the red seaweeds. Unlike the bacteria, these red algae were multi-celled. And a red algal fossil – that of Bangiomorpha pubescens, dating from 1.2 billion years ago – is the first evidence of a species showing sexual reproduction.

Around the same time that the red algae evolved, the ancestors of green seaweeds are thought to have appeared. Although only a millimetre in size, the oldest known green fossil, Proterocladus antiquus, from one billion years ago, is multi-celled like the first red algae. It took a long period of time after that for the earliest brown seaweeds to arrive, appearing about 450 million years ago. These unique organisms were a very different kind of seaweed, classified under a different branch of the tree of life. It was the brown seaweeds that, over time, diversified to form the kelp forests that would dominate the shallow subtidal, and the fucoids and wracks that would proliferate in the shores around the world. Brown algae altered the shallow seas beyond recognition.

The evolution of the seaweeds is the story of the development of life on Earth itself, and its complexity is for another book. The following profiles introduce representative red, green and brown species whose origins span millions of years, and aim to provide a sense of the vast history to be found in the swaying fronds of colourful seaweeds.
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TOUGH LAVER

SURVIVAL AT THE TOP

SCIENTIFIC NAME
Porphyra umbilicalis

DISTRIBUTION
North Atlantic

HABITAT
Intertidal, common on the upper shore

SIZE
Up to 13cm (5in) in length from holdfast to blade margin

COLOUR
Dark reddish-brown grading to olive-green/grey towards holdfast

Life at the top of the shore can be tough for seaweeds. Imagine being left outside in the heat and the cold, the sun and the rain, the snow and the ice as the water recedes, and surviving for several hours while waiting for the balm of the sea to return with the rising tide. And prepare to be suddenly splashed or bashed with the water’s arrival, as only on the calmest days will it return gently. Tough laver – a remarkable red seaweed composed of blades that are just one cell layer thick – can survive in these harsh conditions.

Understanding how this little but robust red seaweed survives means knowing its biology. With ancestors dating back at least 1.2 billion years, this seaweed possesses a variety of survival techniques. One is the ability to withstand the loss of 95 per cent of its water – the seaweed is left almost completely dry and crispy on the rock, yet still alive. As protection from the sun’s rays, tough laver produces a protein that absorbs UV light, creating a natural sunscreen.

To find tough laver, look on the upper shore for a seaweed that resembles a rosette or a tiny cabbage. Check if the dark red-brown to almost purple-black fronds have a distinctive cream rim, in which case it will probably be a male. If the rim is bright red, then it is likely to be a female specimen. It is also possible to find individuals that have asexual reproductive regions, but only in the north-eastern Atlantic – they have never been found in the north-western Atlantic. The reason for this disparity is unknown, although it is thought that these asexual thalli have evolved from male individuals that for some reason did not develop fully, perhaps in response to a dramatic environmental change. Can they switch back to being functional males? This is also unknown.

In the warmer parts of the North Atlantic, it seems that all might not be well for tough laver. In 2023, an assessment of the status of the species in Britain revealed that it had declined significantly in recent years. As the sea heats up, this species might be disappearing from our southern coasts, but it still appears to be thriving further north.

‘Life at the top of the shore can be tough for seaweeds’
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COMMON CORAL WEED

MEDICINAL MARVEL

SCIENTIFIC NAME
Corallina officinalis

DISTRIBUTION
Northern Atlantic Ocean

HABITAT
On rock or occasionally mussel shells or crustose coralline algae; in runnels and rock pools; on sheltered or, less commonly, wave-exposed shores

SIZE
Up to 12cm (5in) in height

COLOUR
Pink to mauve, but can be greyish-pink to greyish-mauve to yellowish and can be bleached white
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Blade/trond

This is the flaccened part of the seaweed,

which originates from a single holdfast.

Ies main role is to absorb sunlight for

photosynthesis. It also absorbs nucrients

and is where reproductive structures Bladder
eypically develop. Some seaweeds have

gas-filled bladders that

actas floats to help

keep them buoyant.

Stipe
Holdfast ‘The stemmed region of
the seawced thallus which

Often claw-like, the holdfast of a seaweed
suppores the frond.

actsas its anchor, attaching it to cither
the seabed or another subserace.
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