
[image: Cover]



[image: Half Title]



[image: image]



[image: Title]



[image: image]



contents

Introduction



Chapter 1: What are Succulent Plants?

Chapter 2: Habitats of Succulent Plants

Chapter 3: How to Grow Succulent Plants

Introduction to the Plant Directories

Chapter 4: The Directory of Cacti

Chapter 5: The Directory of Other Succulents



Appendices

Image credits

Index



Introduction

Cacti and other succulents can range from tiny plants that look like pebbles, or draw themselves deep underground to evade predators, to large trees that dominate landscapes. A multitude of shapes and textures add to their attractiveness and ‘wow’ factor. The flowers, too, are diverse, ranging from miniscule to blooms over 30cm (12in) in diameter.
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Currently cacti and succulents are more popular than ever. They are generally easy-care plants that do not mind if you forget to water them now and again. With a more virtually connected world and more people working from home (or hybrid working), many people have turned to gardening, houseplants and cacti and succulents as a relaxing and stress-relieving activity. Social media has also contributed to an increased interest in these plants, which in some instances have become a ‘fashionable craze’ with many people becoming quite obsessed by them.

Much has changed, though, in the last twenty years – more and more people are growing these plants indoors, on windowsills or in conservatories, and even using grow-lights. A greenhouse in a big garden is no longer essential now, and with more younger people living in flats and apartments, they are successfully growing succulents indoors both for pleasure and as part of interior design and décor. In addition, with climate change, many people are using and experimenting with succulents outdoors, where they are being used as centrepieces or in mixed planting schemes.

This book will introduce you to what makes a plant a succulent, and briefly looks at their biological features. There are sections on where they come from and how they survive in the wild, as well as looking at the historical aspects of discovery, collection and classification. The conservation of cacti and succulents is discussed in some detail as there is much more awareness these days of this aspect, and information on how you can play your part is given.

People, especially newcomers to cacti and succulents, always want to know how best to grow them, and a whole chapter is devoted to cultivation. Information on indoor and outside cultivation is provided, both for a cool temperate climate such as the UK and also in other parts of the world. Creating habitats and microclimates for outside plantings is covered, as well as where to see cacti and succulents in botanical gardens in the UK, Europe and worldwide. Details of soil mixes, temperature, watering, potting up and repotting, propagation and seed raising, and pests and diseases are all covered in detail. A further section shows how important hybrids and cultivars have become, and this also includes oddities such as cristate and variegated plants.

The last two chapters, covering around two thirds of the book, look at the many wonderful species of cacti and succulents available. Here there are no lengthy botanical descriptions of the plants but just wonderful illustrations together with information on their features – the old adage ‘a picture is worth a thousand words’ is applicable.

The growing of cacti and succulents has often been regarded as just a hobby, something to devote one’s spare time to. But these days, succulent plants have become much more than that as they capture the popular imagination with their various colours, textures and shapes, and of course their ability to survive harsh conditions in nature.

Having grown cacti and succulents for over 45 years, and visited their habitats numerous times, I hope this book will give readers as much satisfaction and pleasure as I have had over the years. If you have just started growing these plants, then this is certainly the book for you and will cover all that you need to know. For those of you who are already interested in cacti and succulents, there should be much that will further stimulate you.



Chapter 1 What are Succulent Plants?

Succulence and Adaptation

All cacti are succulent, but not all succulents are cacti: this is an oft quoted phrase, and in fact the general public often regard all succulents as cacti. We need to understand first of all what makes a plant a succulent, and then learn how to distinguish between cacti and the other succulents. Most plants grow under conditions where water is readily available to them, at least during their growing season. In this book we will be mainly concerned with xerophytes, which are plants that grow under conditions where water may not always be available, and that show a number of adaptations that help them survive nevertheless.
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The tricky bit is, how do you define succulence? If we think only in terms of the ability to store water, then bulbs such as tulips and daffodils could be considered succulent, as well as orchids and right down to the onions that you have in your kitchen. Plants such as begonias have stems that contain water, but they soon droop and die when they receive no water. Therefore, succulence is more than just the ability to store water, and succulent plants are those that have evolved ways to conserve resources, and survive long periods of drought.

Plants have evolved from simple algae by a slow process of mutation and adaptation. Areas of aridity developed as climatic conditions changed and those plants that were not suited to drier conditions died out – but sometimes plants with characters such as slightly fleshy leaves managed to survive. The resulting progeny of these plants then, over time, evolved stronger characteristics that enabled them to survive and even thrive in the more arid conditions. There were also mutations such as abrupt changes in certain characters, which led to these desirable characters being adopted and passed on to succeeding generations. Consequently, over millions of years, new (and more succulent) types of plants were able to evolve and colonise their surroundings.
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Often featured in movies, the saguaro is the typical cactus shape that most people recognise.



Growing in arid areas, succulent plants have to be able to respond to any mist or rain by absorbing the maximum amount of water in as little time as possible. Because any moisture from light and infrequent rain showers does not penetrate the soil to any real depth, many succulents have root systems that are close to the surface (something we should emulate if we are growing these plants in pots is to use shallow containers). These root systems also spread quite a distance from the main stem or body of the plant in order to access moisture from a wider catchment area. Really, it is only tall and heavy plants that need to have roots that extend deeper into the soil for stability.
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The instantly recognisable shape of an Aloe – a succulent that is not a cactus.



There are many different types of succulent plants, depending on where they store water. An obvious way of retaining moisture is to modify the shape of the plant, and one that has a low ratio between surface area and volume should be the most efficient, with the optimum shape being a sphere. Many succulent plants, especially cacti, have developed this shape, while the taller growing columnar cacti have developed a cylindrical shape. Plants that form rosettes, such as echeverias and some aloes, achieve a similar globular shape by curling their leaves inwards during periods of drought. Modifications such as thickened stems, leaves or roots enable them to store water reserves. Other attributes also help with storage or can reduce any loss through transpiration. Some succulents have an epidermis that is covered by hairs or is waxy in appearance. The hairs can trap moisture from mists and divert this precious liquid towards the ground to be taken up by the roots. In cacti, their dense spination can reduce the effects of intense sunshine by providing a shading effect. The spines also act as ‘dew catchers’ by diverting valuable moisture down towards the roots, and of course spines also protect the plant from animal predators.
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The spherical shape of this Ferocactus provides maximum efficiency.



Looking more closely at these forms, we find that some succulents store water in their fleshy leaves, often with rosette-type stems such as echeverias. Others have tiny fleshy leaves that can mimic the rocks and stones around them so that they are almost hidden in their habitat. Stem succulents, such as most cacti and many euphorbias, have thick stems where water is stored, and some of these are deciduous, with leaves that appear after the rains but that are dropped when conditions become dry again. Some examples of stem succulents are cacti, stapeliads and some euphorbias, and these generally have green stems that provide photosynthesis because of the absence of any leaves. We are all familiar with the stylised tree-like Saguaro, often seen in the movies. Then there are those plants that store water in underground roots or tubers, and in some cases it is the stem that has swollen and retreated underground. Finally, some species have evolved as epiphytes, and have no need to be rooted in the ground as they live and survive high up in trees.

One of the primary modifications concerns the biochemistry of succulents and the photosynthetic process. Most plants produce their food by combining water and carbon dioxide to make sugars and starches – they have green leaves that contain chlorophyll, and this is where photosynthesis occurs. Plants have minute pores, called stomata, which is where the carbon dioxide is taken in and oxygen is released. This all takes place during daylight hours when the sun’s energy drives the process. During this time a lot of water is lost from the leaves through evaporation but this is of little consequence as there is ample water to replace any loss, either from rainfall or by irrigation. In the case of succulent plants, many have developed crassulacean acid metabolism (CAM), which is a modification that enables them to keep their stomata closed in the daytime and only open them at night. In this case, carbon dioxide is absorbed at night (rather than during the day) and various organic acids are formed, which are then turned into the sugars that the plant needs by photosynthesis on the following day.
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Echeverias are typical rosette-forming succulents.



The process of CAM is most effective when there is a difference between daytime and night-time temperatures, and generally many succulents thrive where there are such extremes of temperature. It is worth mentioning that cactus and succulent growers who live in tropical areas can find these plants difficult to grow, especially in places where night-time temperatures exceed 20°C on a regular basis. Even in more temperate regions, it is recommended to keep greenhouse vents, or windows in other structures, open at night in order to allow CAM to work effectively.


Distinguishing between Cacti and the Other Succulents

There has always been difficulty and confusion in defining what is a succulent plant. As already mentioned, onions, orchids and bulbs can be considered succulent, and indeed there are degrees of succulence, and grey areas between those plants that are truly succulent and those that are completely non-succulent. It is worth noting that many of the borderline plants are highly regarded by enthusiasts and are accepted as succulents – for example members of the bromeliad family. Really, it is up to you to grow what you like to grow and you should not feel constrained by any conventions, whether on social media or in person at any cactus or succulent club or society meeting.

It is much easier to define a cactus, although just because a plant has spines does not always mean it is a cactus. In fact, many spiny succulent plants can look quite similar to cacti and even experts have been fooled, so you should not feel too bad if you cannot differentiate between them. This occurs particularly with some columnar cacti and some succulent euphorbias, both having spines and a columnar appearance. This is not surprising, as both have evolved to be able to cope with similar environmental conditions. So, what defines a cactus then? Obviously, a fleshy stem and spines are not enough features to go by. The simplest way to identify if a plant is a cactus is to look at where the spines emerge, and if there is a small pad-like structure then the plant is a cactus. This small pad is called an areole, but it should be remembered that not all cacti have spines, and in some the areoles are tiny and hard to recognise – an example of this is the Christmas cactus where the stem has become flattened and looks like a fleshy leaf.
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Tillandsia latifolia is a bromeliad that can be considered succulent.



The areole is basically a growth point from where all the new offsets, flowers and spines arise, and depending on the species it often has some wool or hairs. Many succulent euphorbias have spines but they do not have areoles. Another big difference between the two plant families is in the flowers, with cacti generally having quite large and colourful flowers, whereas euphorbias tend to have small insignificant flowers. Finally, just to throw a spanner in the works, cacti in the genus Pereskia have thin stems, large leaves and flowers that look more like a rose, and are not really what you would expect a cactus to look like – but they do have an areole.
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Each spine cluster on this stem of Pachycereus marginatus emerges from an areole.
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The very leafy Pereskia grandifolia is actually a cactus.





History of the Plants in Cultivation

A poor fossil record for cacti makes studying their evolutionary history difficult, and their ancestors were most probably leafy trees having a solid wood trunk, similar to species of Pereskia. It is reported that the earliest fossil records found in Peru go back 24,000 years, and bas-reliefs found in Karnak, Egypt, that are dated around 1,500bc show succulent plants such as Kalanchoe. Some early images of cacti include Echinopsis pachanoi from Peru, dated around 1,300bc, and Lophophora species from Mexico around 300bc.

Cacti were brought back to Europe from the Americas as early as the start of the sixteenth century. These early explorations brought back Melocactus, Agave and Opuntia species, initially as souvenirs, and as the plants were naturally adapted to arid conditions, they easily survived the lengthy sea journeys. Those that were planted out in the Mediterranean countries did well and aroused the interest of botanists initially, and it was only later when numbers increased that their popularity in cultivation developed. However, many of the collections from the West Indies unfortunately perished from the cold in northern European countries, and it was not until later when the numbers of different plants increased, that cultivators began to learn about their requirements. Botanical expeditions by the likes of von Humboldt and Bonpland, who went out specifically to collect new species, brought back over 60,000 specimens in the early nineteenth century. We have all heard of Charles Darwin, who sailed to the Galapagos islands and brought back a couple of opuntias (prickly-pear cactus), among a host of natural history specimens.
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The title page from Bauhin’s Pinax (1623), which contained a number of early cactus descriptions.
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Lemaire’s illustrations of cacti dated 1841–1847.



The other succulents from southern Africa first appeared at the start of the seventeenth century. Initially collections were from coastal regions as the sea voyagers around the Cape of Good Hope needed to land ashore to reprovision with fresh water and food. Further exploring of the interior began in earnest in the eighteenth century, and large numbers of succulents were collected and brought back to Europe. Noted explorers include Francis Masson (working for Kew) and William Burchell, who between them collected more botanical specimens than anyone else.

From the early nineteenth century onwards there was a great increase in the numbers of cacti and succulents in cultivation as many European botanical gardens sent out botanists to explore and hunt down plants to collect. The other aspect was the development of the glasshouse and the recognition that plants need to be grown in frost-free conditions. Glass has been known since around 200bc but it was far too expensive to be used in horticulture, and it was not until the sixteenth century that botanical gardens started building structures made of glass. These were initially used for the cultivation of citrus fruits (for example oranges). By 1733 the craze for citrus fruits was waning and interest in tender exotics was increasing, but glass was still very expensive and in England was subject to a tax until 1846. With the abolition of this tax, and together with more efficient methods of providing heat, initially using steam, and later piped water, glasshouses became more affordable for gardeners.

Fashions come and go, and after an initial interest in desert plants, people moved on to either epiphytic cacti from subtropical forests or to palms and ferns. Specialist nurseries sprang up, and nursery owners not only took part in expeditions but also distributed plants throughout Europe, with their catalogues providing an insight into the plants that were available at that time. Similarly, botanical gardens amassed large cactus and succulent collections. Supposedly, the initial cactus boom peaked around 1840, and other peaks were thought to occur in the 1920s and also the 1960s. Currently we are in ‘boom’ mode again as interest and enthusiasm for growing cacti and succulents is surging, and it shows no sign of abating.
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Typical example of prickly pear cacti (Opuntia species).
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Illustration from John Gerard’s Herball or Generall Historie of Plantes (1597).





Naming and Classification

Botanists are able to communicate with each other because over the years they have developed a particular terminology. These terms are sometimes confusing and difficult to understand, especially if you are not used to them, and plant names can appear impossible to spell, pronounce and remember. It was Linnaeus who proposed the binomial system of nomenclature that gives organisms a genus and a species name, and as the international language between scholars of the day was Latin, it is still used to this day. You might wonder why common names are not used instead, and indeed attempts have been made to introduce them. However, what often happens is that the same plant has been given different popular names, and sometimes different plants have been given the same common name. Although common names may describe the plant very well, many do not. As an example, ‘snake plant’ is often used for Sansevieria trifasciata as the crossbanding on the leaves looks like snake skin. But ‘snake cactus’ can refer to any of the following species: Acanthocereus tetragonus, Bergerocactus emoryi, Cylindropuntia spinosior, Echinocereus (Morangaya) pensilis, Nyctocereus serpentinus, or species in the genus Selenicereus. There are many more examples such as ‘old man cactus’ and ‘barrel cactus’.
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Title page of Linnaeus’s Species Plantarum (1753).
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The common name for Sansevieria trifasciata ‘Laurentii’ is snake plant.



Getting back to the binomial system, we find that closely related plants are grouped together in a genus (written down always starting with a capital letter and in italics). If we take the example of the genus Mammillaria, we then see that plants that are different from each other are given different specific epithets (always starting with a lower-case letter and again in italics). Good examples of this can be seen with names such as Mammillaria elongata, which has long finger-like stems, and Mammillaria prolifera, which tends to offset freely and will form a cluster of spherical bodies. The Latin name therefore serves two purposes. Firstly, it provides a short phrase that is international in scope regardless of national or language barriers. Secondly, it provides a key to the classification of the plant, so that we know that the plant has all the characteristics of the genus as well as other special features that then distinguish it as belonging to a certain species rather than any other.

There are many reasons why plants have received their species names. The main ones concern features of the plant, people’s names, and areas or places of origin. Starting with the plants themselves, names can describe obvious features such as the size or colour of the plant body or the flower, or even smaller characteristics such as spine length. Examples include aureiflorus, which means golden-flowered, and longispinus referring to long spined. Most of you will probably have heard of the stereotypical cactus often seen in the movies, Carnegiea gigantea (very large).
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Bergerocactus emoryi in habitat in Baja California, Mexico.



People’s names are used to commemorate someone who discovered the plant, and a good example of this is Aztekium hintonii, named in honour of George Hinton. Even genus names can commemorate people, as in the case of Haworthia, named after Adrian Hardy Haworth, an accomplished British botanist. Some epithets can give us a clue about the localities where the plants come from. Place names can be countries or smaller geographical units such as rivers, mountains and villages. Brasiliopuntia brasiliensis was named after plants first discovered in Brazil, and the genus Copiapoa is named after the town of Copiapó in Chile. Names can also refer to characteristics in natural habitats such as geological features, soil types and even aspect.

Below the rank of species, plants can also be further divided into subspecies (subsp.) or variety (var.), though the use of the latter is not used so often these days. The term ‘forma’ is also used to describe a group of plants that differ slightly (often by just a single character such as flower colour) from the main population but not sufficiently to be considered as a variety or subspecies. Some plants that have not yet been described or are awaiting formal identification are shown in writing with the genus name followed by ‘sp.’, and collectors often use this designation for plants they have acquired with no label, which they hope to be able to identify in the future.
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Aztekium ritteri – a plant in cultivation.



You may also find field collection numbers on a label, and these are useful when the plant concerned has not yet been classified. Similarly, these numbers serve the purpose of identifying plants from a certain population where the differences from the type plant are so insignificant that they do not justify giving it a variety name, yet it still merits recognition. You should beware when buying seeds with field numbers, as the seedlings might not be identical to the original plant, and field collection numbers should really only be used for plants that have been propagated vegetatively, such as from cuttings.

The job of the plant taxonomist is to design and maintain the classification of plants. As there are no definite criteria as to what defines a genus, this can lead to disagreement amongst taxonomists, and often ends up with names being changed, much to the consternation of hobbyists and collectors. For example, a taxonomist might consider that the characters of a plant are sufficiently different to exclude it from one genus and so it is placed in another, or even a newly created genus. As taxonomy is not static, the differences between taxonomists are often beneficial as the search for optimal classification progresses, and changes in plant names are inevitable.
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Brasiliopuntia brasiliensis is named for the country it is found in – Brazil.



There are also other reasons why plant names change. Firstly, all names must conform to the rules of an international code that is known as the International Code of Nomenclature (ICN). These rules are often quite complex and difficult to interpret, but meetings are held on average once a decade when botanists revise the rules in order to make them more workable, and also to take into account modern trends in plant taxonomy. Secondly, nurserymen and also collectors have often (and still do) given names to the plants they sell and distribute that do not conform to the rules. Plants have arrived in collections under these improper names, often for many years with the names becoming very familiar. As these names are botanically unacceptable, correct names have to be allocated.
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Copiapoa cinerea. The genus is named after the city of Copiapó in Chile.



Looking briefly at the history of classifying the cactus family, we find that at the end of the nineteenth century it was mainly the Germans who were involved in exploration and writing, and in particular Karl Schumann, who published the first cactus monograph. This was followed by the notable work in English entitled The Cactaceae by Britton and Rose, which was published between 1919 and 1923, and was illustrated with beautiful coloured plates. Another German, Kurt Backeberg, published his Die Cactaceae between 1958 and 1962, and this was at the time considered to be the most thorough and influential work of the century. Backeberg was a ‘splitter’ and his works were well received by many collectors who delighted in the different names for plants that nowadays are considered to be synonyms of others.

More recently, in 2001, Edward Anderson published his encyclopaedic work entitled The Cactus Family. Just a few years after that, botanists have reduced the number of species (and consequently the number of names), and in 2006 The New Cactus Lexicon was published by David Hunt, together with a group of specialists (the International Cactaceae Systematics Group). As with previous publications, not all amateur collectors were happy, and in this case when they found that plants in their collections represented numerous localities all with different names, these were reduced to just three or four species. Reflecting the latest thinking with regard to the science of taxonomy, and in particular the use of molecular data, in 2015 the Frenchman Joël Lodé published his two-volume work entitled Taxonomy of the Cactaceae.
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Cover of the New Cactus Lexicon illustrations book.




What’s Next?

Before Charles Darwin came up with his theory of evolution, a geologist called Charles Lyell proposed a theory of geological gradualism that stated that the earth was shaped by natural processes. The gist of it was based on the premise that there is a pattern of sustained, directional and incremental evolutionary change over a long period during the history of a species. Gradualism in both biology and geology refers to the theory that changes of organic life and of the earth itself occur through gradual increments, and that transitions between different states are pretty much continual and slow rather than periodic and rapid. As they were colleagues, naturally Darwin had read Lyell’s theory and had already thought that the earth was more than 6,000 years old and that evolutionary change had occurred through gradual and accumulated differences. He provided evidence that evolution of life forms had occurred, and proposed natural selection as the mechanism responsible for these changes.

At the same time Alfred Wallace developed a very similar evolutionary theory, and both of these theories were presented to the meetings of the London Linnaean Society. From that time onwards taxonomists began to investigate which characters were primitive and which were considered advanced. They amassed data from many areas of botanical science such as morphology, genetics, physiology, palaeobotany, chemistry and palynology. Consequently, taxonomy entered a new phase of phylogenetic classification, which reflected the distances and relationships between organisms. Phylogenetic systematics can be defined as a method of classification based on the study of evolutionary relationships between species where common ancestry and recognition of shared derived characters are fundamental.

There are a number of assumptions about evolutionary biology. The first one assumes that life arose on earth only once, and that all organisms are therefore related in some way. This supposes that we can take any collection of organisms and determine a meaningful pattern of relationships, provided we have the right kind of information. It assumes that the total diversity of life on earth has been produced through the reproduction of existing organisms.

The second (perhaps more controversial) assumption is that new organisms can arise when existing species or populations divide into two groups. There are many botanists who believe that multiple new lineages can arise from a single originating population at the same time, and whilst this could conceivably occur, it is not known how often this has actually happened. Another objection against this assumption concerns the possibility of interbreeding between distinct groups. This is a general problem in reconstructing evolutionary history, but as yet, no other system has been devised that accounts for it.

Lastly, the assumption that characteristics of organisms change over time is the most important one in cladistics. Cladistics is the method of hypothesising relationships among organisms, usually resulting in reconstructing evolutionary trees. Cladistic analysis is based on data on the characters, or traits, of the organisms that we are analysing. It is only when characteristics change that we are able to recognise different lineages or groups.

During the last sixty years, plant taxonomists have had new tools and techniques at their disposal. For example, the invention of the scanning microscope was a great advance and helped internal structures to become more visible. DNA sequencing and the study of comparative genome organisation in plants have helped scientists establish relationships between taxa. Molecular biology had finally arrived, and data obtained from such studies are these days often combined with those obtained from other tools of taxonomy such as morphology, and all these data are consequently used for cladistic analysis and phylogenetic interpretation.
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Hand-held DNA sequencing devices can be used to conduct genomic plant sequencing in the field. The photograph shows the portable field laboratory.
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A labelling machine is a useful tool, but of course hand-written labels are quite acceptable. See more on labels in Chapter 3.



Before summing up, we should define some of these terms. Plant morphology is the study of the form and structure of an organism, in particular the external features. This can be broken down into micromorphology, embryology, palynology, seed, seedling, fruit, floral, stem and leaf anatomy, and even epicuticular secretions. Morphological characteristics have remained, until now, the most valuable tool in the botanists’ arsenal. Molecular biology has resulted in plant classifications with highly informative data produced by molecular taxonomists.

The scientific advances in molecular studies mean that data can be generated faster and more cheaply than ever before, enabling more taxa to be analysed. This often results in the creation of new genera or of changing species names. For the enthusiastic hobbyist or collector, these changes can be frustrating or downright annoying, and it is often heard that just because botanists have changed a name does not mean that they will change their labels. The most sensible course is to take note of any changes, add any new information to the label or to a database, and to continue to enjoy growing the plants.
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The amount of information on a label is surprising, and in conjunction with a database, can provide a detailed history of the plant, including any name changes.





Chapter 2 Habitats of Succulent Plants

Geographical Distribution

As already mentioned, succulent plants can be found wherever there are seasonal droughts, but that does not mean that they are distributed throughout the world where such conditions occur. It has often been thought that cacti and succulents only come from deserts, but of all drought-affected areas, deserts are the most extreme example. In true deserts, such as the Sahara, Arabian, Kalahari or the Gobi, large areas of shifting sand or bare landscapes of gravelly rocks tend to receive either no rainfall or at most occasional irregular rain, and almost no plants at all can grow there. Many of the so-called deserts are in fact semi-desert, where rainfall tends to be seasonal, although it may not rain every year. Rainfall is not the only factor for successful survival and growth, and the length of the dry period is relevant as succulents growing in areas with long dry periods have evolved to be able to store large reserves of water (often in the form of a large taproot or a caudex), whereas those in areas that receive less rain tend to be less succulent.
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It is also worth remembering that any rain usually occurs as short, heavy downpours and then only within a two- or three-month period. Typical areas with such conditions include the southern United States, northern Mexico, parts of South America and also southern Africa. The succulent plants of the desert coastal regions of Namibia and Chile receive moisture from fog condensation as rain rarely falls there. Succulent plants can also be widely found growing in less extreme conditions such as savannah, scrubby thorn forest, seasonally dry forest and high-altitude plains. In such conditions plants have evolved various strategies to take advantage of their natural conditions. The shade and protection from herbivores provided by larger plants is especially beneficial for newly germinated seedlings, and many cacti will grow in cracks or hollows on solid rock where pockets of humus have collected.

In temperate regions some succulents grow on very steep cliffs, giving them the double benefit of excellent drainage and protection from predators. Some cacti have even evolved to grow in tropical forests epiphytically. They live in the branches of trees with their roots in leaf litter to obtain moisture and nutrients. These cacti, which have no leaves, have developed cylindrical stems or flat pads in order to increase their surface area so they can photosynthesise better in their shady habitats.
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Semi-desert scenery with saguaro cacti in Arizona, USA.
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Parodia lenninghausii growing on steep cliffs at Rio Grande do Sul, Brazil.



The Americas

Cacti are native to the Americas, from the Canadian prairies right down to the Argentinian pampas and into Patagonia. They also grow on the Caribbean islands and Galápagos. The largest concentrations occur in the more arid regions where cacti have often become a dominant part of the landscape as a result of less competition from more water-loving plants and predation by animals. Although some cacti can be found as far north as just a few degrees south of the Arctic circle in Canada, in North America most cactus habitats are in the deserts of the south-western states of the USA in California, Utah, Nevada, Texas and Arizona. The country with the greatest concentration of cacti is Mexico. With a variety of different vegetation zones, ranging from the Sonoran Desert in the north to the sub-tropical forests of Yucatán in the south, Mexico has cacti of all shapes and sizes. These include tall columnar cacti that cover whole hillsides to some of the smallest, strangest-looking and most cryptic plants that are only found growing for example on gypsum cliff faces in isolated valleys. Mexico is a hotspot for cactus biodiversity.
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Rhipsalis growing epiphytically in a tall tree.
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Opuntia basilaris grows as far north as Toronto, Canada, and is often subject to –30°C in winter.
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Agaves growing by the coast in Baja California, Mexico.
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Echinocactus platyacanthus and Agave lechuguilla in northern Mexico.
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Large clumps of cacti in Big Bend National Park, Texas, USA.
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Aztekium hintonii growing on pure gypsum cliffs in Mexico.



South America is also well known for its incredible diversity of cactus habitats. While the huge areas of tropical rainforest are not suitable for terrestrial cacti, some epiphytic ones do grow there. Most of the cacti are therefore found further south and on both sides of the Andes. West of the Andean mountain chain lies a relatively narrow strip of land comprising Chile and Peru where several species of cacti are found. It is a very arid region that experiences the Humboldt current flowing north along the coast, and where the only moisture available is from mist and fog rolling in off the sea. East of the Andes, and south of the above-mentioned rainforest, there are drier regions where a large diversity of cacti can be found. Countries such as Paraguay, Uruguay and south-eastern Brazil, together with western parts of Brazil (Bahia and Minas Gerais), have a rich cactus flora.

But the countries with the highest concentration of cacti are nearer the mountains themselves, growing in high-altitude plains known as Altiplano, in the countries of Bolivia and north-west Argentina. It can be surprising to hear that cacti are able to grow at altitudes of up to 4,500m (15,000ft) where night-time temperatures can drop as low as –20°C and daytime highs reach up to 20°C, in areas where there is no rain for three-quarters of the year. Some cacti are found as far south as Patagonia. We have talked about cacti up to now, but many of the other succulents also grow in the Americas. These include plants from the genera Agave, Echeveria and Peperomia, among others. It is curious that these succulents have evolved quite differently from cacti, in that most cacti are stem-­succulents whereas the others are leaf-succulents.
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Landscape in southern Bolivia with Echinopsis (Trichocereus) tarijensis.
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Copiapoa dealbata near the coast in Chile. Note the mist that rolls in off the sea in the background, and supplies the plants with enough moisture.
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Agave nickelsiae between Saltillo and Torreon, Mexico.



Africa and Arabia

Southern and eastern Africa have the greatest concentration of succulents that are not cacti. However, there is a species of cactus (Rhipsalis baccifera) that occurs in Africa, with a subspecies in Madagascar. There are parallels in the climate and geography of the Americas. For example, the Namib Desert on the western side of the continent is dry just like the Atacama Desert in Chile, and is affected by the Benguela current that brings in rolling mists that enable drought-tolerant plants to survive. High mountains that provide specialised habitats where succulents can withstand low temperatures are found in parts of South Africa, Kenya and Mozambique, though it should be said that they are not as high as the Andes. Some of the main succulent genera that are found in southern Africa (Angola, Namibia and South Africa) include Aloe, Euphorbia and Crassula, which together with stapeliads and mesembryanthemums can often form the predominant vegetation in certain areas. Many of the ‘mesembs’, which are also commonly known as ‘rock plants’ or ‘living stones’, such as Lithops and Conophytum, are very small and not easily seen as they tend to blend into their environment.
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Welwitschia mirabilis in southern Angola. Often not thought of as a succulent plant, it nevertheless shows crassulacean acid metabolism.
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Aloe vanbalenii in the Eastern Cape province, South Africa.
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The endless landscape around Klipfontein, an area rich with succulents.



Heading northwards from South Africa, succulents can be found in countries more on the eastern side of the continent such as Mozambique, Malawi, Zimbabwe, Tanzania and Kenya. Again, species of Aloe and Euphorbia occur in abundance, and numerous caudex-forming plants are also found in these countries. Many Sansevieria (currently placed under Dracaena) species have been discovered in these places, with Tanzania having overtaken Kenya as the centre of biodiversity for this genus. Moving further into East Africa we find fewer succulents in countries such as Uganda, Ethiopia and Somalia, and again the aloes, euphorbias and stapeliads tend to predominate. Just across the Red Sea even fewer succulents are found as these will only grow in the more coastal regions of Saudi Arabia, Yemen and Oman as the interiors are scorching deserts that can barely support any plant life.

Similar to the plants and wildlife of the Galapagos Islands that evolved in isolation, the endemic plants of Madagascar are equally unique. Madagascar has been geologically isolated from mainland Africa for around 160 million years, and 95 per cent of the succulent plants are considered endemic. Endemic species are those that are found in one place and nowhere else on Earth. Madagascan succulent plants have evolved to withstand the island’s extremely hot and often very arid growing conditions and wide-ranging environments, from rainforests and tropical dry forests to desert-like landscapes. Succulent genera include Aloe, Euphorbia, Alluaudia, Didierea, Pachypodium and Kalanchoe, which are of greatest interest to enthusiasts.
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A rock koppie in central Mozambique. The slopes and peaks of koppies are an excellent place to find succulents as grazing animals cannot climb up so easily.
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Arborescent sansevierias growing in Kenya.
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Succulent-rich landscape in Somaliland.
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Limestone rock formations (tsingy) in Ankarana National Park, Madagascar.
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Baobabs are common in the spiny forests in southern Madagascar.




India, the Far East and Australia

Unbelievably, some succulents such as Orostachys spinosa grow in places you would just not expect, such as Siberia. This is a succulent perennial that grows primarily in the subalpine or subarctic biome of Russia as well as in Korea. The Indian subcontinent harbours a few succulents that grow in more arid regions, and these include stapeliads, sansevierias and euphorbias. Plants of the genus Hoya are considered succulent (fleshy leaves) and these can be found in a number of countries in the Far East and Australia. Generally, the Australian deserts support few succulents, but a number have been discovered and popularised in the 2010s and early 2020s, and no doubt more remain to be documented.

The UK and Europe

Despite its cold, wet winters the United Kingdom has two native succulents. You may wonder how they are able to tolerate the high humidity, but they grow in places such as exposed cliffs where any rainfall does not penetrate and runs off very quickly, and man-made walls have also been colonised by them. Phedimus stellatus (formerly known as Sedum stellatum) is an annual succulent with stout erect or ascending stems and green disc-shaped leaves. Crithmum maritimum (rock samphire) is a richly branched succulent with woody-based branches that has pinnate (featherlike) leaves. It is an edible plant and can grow up to 30cm (12in) tall. Many of the cacti and succulents that you see in Europe in the wild have been introduced and have become invasive. Those naturally occurring include species of Sedum, Hylotelephium, Sempervivum and Rhodiola among others. There are no cacti that are native to the Continent.
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Hakea preissii – one of the more unusual succulents found in Australia.



Invasive and Naturalised Cacti and Succulents

Cacti and succulents have been transported around the world for a number of reasons, and where climatic and environmental conditions were favourable they have taken root, and over time have spread extensively, colonising large areas. In Mediterranean regions the ‘prickly pear’ can be seen apparently growing wild, but in fact they have been introduced originally and have become naturalised. This cactus of the genus Opuntia was also introduced into southern Africa and Australia for use as cattle fodder, and under favourable conditions it spread rapidly. Because of its ability to regenerate from small pieces, such as pads broken off by cattle, it soon became a big problem and efforts to eradicate it by ploughing, chopping down and even burning proved fruitless. Other species of Opuntia can be found in places such as south-west Madagascar where it continues to spread over large areas. Some species of Agave can also be found in the above-mentioned areas though they are slightly less invasive.

Many trade routes are much older than those that brought the prickly pear to Europe and beyond from the Americas. According to ancient Greek texts, dhows used to carry slaves, fruit, spices, fresh water and other goods along the coasts of Arabia, as well as to Pakistan, India, Bangladesh, East Africa and Madagascar as long ago as 600bc. Although dhows originated in either India or Arabia (historians are not quite sure), it was on the East African coast where they flourished and are still in extensive use today. The word ‘dhow’ is actually a generic term for a variety of traditional sailing vessels with one or more masts with lateen sails: these are triangular-shaped sails attached to a crossbeam that is raised and lowered according to which way the wind blows. Plants such as Sansevieria species in eastern Africa have traditionally been used to make sisal and rope for local use in villages, and sailors soon discovered that this valuable fibre could be used on their dhows, and so the plant was transported and transplanted as far away as Arabia and India. Other plants such as stapeliads and aloes had medical uses and were also transported in a similar manner.


[image: image]


Phedimus stellatus has pretty flowers.
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Highly invasive prickly pear (Opuntia sp.) can be found all over the Mediterranean, here pictured on the shores of the Greek island of Corfu.
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Increasing aridity in southern Madagascar has allowed invasive Opuntia sp. to thrive at the expense of other succulents.



These traditional sailing dhows still voyage between the Arabian Gulf and East Africa, using only the wind in their sails for propulsion. On these commercial journeys where these days they mostly carry goods such as dates, fish and mangrove timber, the dhows will often sail south with the monsoon winds in winter or early spring, then return in late spring or early summer with the southern winds.

Visiting Habitats

The easiest regions to travel to and see succulent plants are probably the USA and South Africa in terms of infrastructure and security. Naturally, the security situation is always changing so be sure to avail yourselves of the most up-to-date information and advice online.

The United States of America

There are several large areas that have been designated national parks in the USA: these include the Big Bend National Park in Texas, Saguaro National Park near Tucson, Arizona, and the Anza-Borrego Desert State Park in California. Plants in these parks are protected and can be seen in their natural state, and you should also see some spectacular landscapes. It is important to consult locally available guidebooks so that you know where to go to find any particular plants. Equally important is to heed the advice of Park rangers, use four-wheel-drive vehicles when going off the main roads, and take plenty of water if visiting during the hotter months. There are other national parks in the south-western states but outside these areas most land is private (and fenced off) and you should not enter without obtaining permission first. You can visit many areas by yourself (preferably with a small group of friends or fellow enthusiasts) but there are also tours organised by natural history companies or even local cactus and succulent societies or clubs. These will be more expensive, but bear in mind that everything is arranged and you only need to sit back and enjoy the plants and scenery.
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The entrance to Big Bend National Park in Texas, USA.
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Big Bend has a varied landscape ranging from mountains to plains.
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Sabino Canyon, Arizona, in summer after the first rains. The vegetation becomes green and the saguaros (Carnegiea gigantea) appear plump.



Mexico

Mexico is the country with the largest concentration of cacti, plus a lot of succulents such as agaves and echeverias. As a destination it has been popular with enthusiasts and explorers for decades, but with a worsening security situation since the 2010s as rival drug-smuggling cartels battle each other and the associated violence that has spilled over into society in general, it is perhaps not the easiest destination to visit, and one should pay heed to local advice and avoid certain areas. It is still possible to hire a vehicle with a group of friends but you should carefully research the areas you are planning to visit and ideally have someone along who speaks Spanish. The Baja California peninsula is considered a safer destination, has good infrastructure, and contains cacti and succulents that are endemic, with some that only occur on some of the islands, both on the Pacific Ocean side and the Sea of Cortez. In the past it was common practice to collect plants and seeds in Mexico but since 1997 any newly described cacti (including their seeds) cannot be exported from the country. In addition, Mexican law bans the collection of all plants and seeds, and obtaining a permit (even for scientific purposes) can be a bureaucratic headache.
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Isla Cerralvo is one of the numerous islands off the coast of Baja California, Mexico, which has cacti and succulents that are often endemic.
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Desert landscape in the Chihuahuan desert, Mexico.



South America

South America is well known for containing many different cactus and succulent habitats, and there are many countries to choose from. As mentioned above, joining an organised group makes travelling around easy, and with good locations known to the organisers, you are guaranteed to see the plants, which is quite different if you go exploring alone or with a group of friends where sometimes you may find only a few plants on certain days. With a group tour you will also have leaders who speak Spanish (or Portuguese in the case of Brazil), which makes travelling around so much easier. But for the adventurous explorer, or if you have already been once or twice and know what to expect, the possibilities are endless.
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Cacti are even found in seasonal mudflats, as with this Mammillaria coahuilensis.




North-Western Argentina

Starting with north-western Argentina on the eastern flank of the Andes, you can encounter spectacular scenery and plenty of cacti in the dry valleys and on rocky slopes – look out for Gymnocalycium and Parodia. The cities of Salta, Tucumán and Jujuy are all good starting points, and many places can be reached by road, either with a hired vehicle or by local buses. There is a good range of accommodation, and simple lodgings can even be found in the smaller villages, with many of them bookable in advance online.
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Landscape near Purmamarca, northern Argentina.
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Mountainous scenery around Iruya, in northern Argentina.



Peru

Peru has some wonderful landscapes and diverse vegetation types, ranging from the dry coastal plains and valleys to the high-altitude Andean plateau. Most of the cacti tend to be columnar, though globular cacti such as Oroya and Matucana can be found. Among the other succulents, there are numerous species of Peperomia and some echeverias. Travelling around the country is relatively easy and there is a good road network, though to see some habitats you will need to traverse the mountains where the roads can be winding and narrow, necessitating extra care and attention.
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Austrocylindropuntia floccosa growing at over 4,000m (13,000ft) in the Peruvian Andes.
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Puya raimondii (here in Peru) is the largest species of bromeliad and has inflorescences reaching up to 15m (50ft) high.
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Alpacas will search for and eat cacti in times of drought.




Bolivia and Chile

Neighbouring Bolivia is another excellent destination, with cacti such as Rebutia, Aylostera and Parodia in abundance. These grow in the high-altitude Altiplano where access is often difficult as the infrastructure is poorly developed and roads are often in a bad condition. Chile does not have the diversity of cactus species that the other three countries have, but of the two main genera that can be found there, Copiapoa and Eriosyce, there is ample variety to be seen in the range of species available. Most of these cacti grow in the northern part of the country at low altitudes along the coast, where roads are good and decent accommodation is readily available.

Patagonia

Further south in Patagonia there are fewer cactus species but the majestic landscapes more than make up for any paucity of flora. Cacti such as Austrocactus, Maihuenia and Pterocatus can be found here. Although the roads are good, the area is sparsely populated and it is essential to refuel at every possible opportunity. Other hazards are roaming animals such as guanacos, armadillos and hares, and of course livestock. Finally, beware of strong crosswinds that can hit your vehicle sideways. The best time to travel in the Andean habitats is between October and January, when you will be able to see most cacti in flower, and can enjoy pleasant temperatures with occasional showers.
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Large clumps of Copiapoa longistaminea can be found growing in arid parts of Chile.
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Cylindrical cacti in their habitat in Bolivia.
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The stems of Oreocereus celsianus mimic the rock spires in the background, near Tupiza, Bolivia.
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Copiapoa coquimbana at Totoralillo in Chile.




Brazil

The last country in South America with a substantial number of cacti and succulents is Brazil. A country as large as Brazil has many different climatic, and hence vegetation zones, which means a wide range of cacti can be found in habitat. In the south, the grassland areas of the Rio Grande do Sul contain cacti such as Parodia, Frailea and Gymnocalycium, and these also extend into Uruguay, which has a similar climate. Moving northwards, the climate becomes more tropical and yet cacti are found in the Caatinga, which are areas of seasonally dry tropical forest, or on rocky outcrops in forested areas. Cacti from the genera Melocactus, Discocactus and Uebelmannia are just a few of the many that grow in this part of Brazil. A number of cacti also grow further towards the Atlantic coast. The best time to visit is between June and August when the temperatures are not too high.

Brazil has good infrastructure and is relatively inexpensive, but you really need to know where to go to see certain plants. Distances are huge and planning ahead is vital, and a knowledge of Portuguese is useful as outside of the main cities not much English is spoken. Alternatively join an organised tour.
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Melocacti cover the landscape in Minas Gerais, Brazil.
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Landscape with cacti (Pilosocereus) in Bahia, Brazil.




South Africa

If you are mainly interested in succulents that are not cacti, then South Africa is an easy place to visit. The infrastructure is good with excellent roads, and accommodation can be found even in remote areas, as many farmers offer bed and breakfast, which has the added advantage of you being able to explore their land. Otherwise, most land is privately owned and fenced, and you should most definitely obtain permission before entering. A lot of the plants from South Africa are quite small and often hard to find, and whilst guidebooks can suggest areas to visit it is a good idea to stop at random places just to see what you can find.

Once you have been there a while you will develop an idea of the types of soils and geology that can harbour succulents. The western side of the country and into southern Namibia is home to a great number of mesembs, tiny plants that often look like small pebbles and blend into their surroundings, earning them the name of ‘living stones’. Here we also find small-­growing crassulas and some smaller aloes. In the more southern and central areas, plants such as Haworthia and Gasteria abound, and further east still there are many more Aloe species.
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Aloe arborescens near Wakkerstroom in the Eastern Cape province, South Africa.
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Aloe pillansii dot the landscape at Cornellskop, Richtersveld, South Africa.
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Comfortable accommodation can be found throughout South Africa, and many farms out in the countryside offer lodgings, such as here at Uitspan.
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Low-growing succulents such as Haworthia, Euphorbia and mesembs abound in the rocky hillsides near Klipfontein, Western Cape, South Africa.




East Africa

The Eastern African countries can be more difficult to visit owing to poorer infrastructure, climatic conditions and diseases, though it should be borne in mind that countries such as Kenya and Tanzania have many decades of experience in providing wildlife tourism. However, it is not always safe to go off looking for succulents where wild animals roam, and this is where local guides are useful, if not essential. Both these countries, along with Mozambique, Malawi and parts of Zimbabwe, are worth exploring for their range of genera such as Aloe, Euphorbia, Sansevieria, stapeliads and a number of caudiciform species. Some crassulas and kalanchoes are also found. Among the caudiciform plants there are Adenia, Momordica and Gerrardanthus.
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Getting off the main roads is essential to find succulents in habitat, as here in Mozambique.



Travelling around these succulent habitats can be tiring. While the larger cities have excellent hotels and modern facilities, once out in habitat where the plants grow, you will encounter dirt roads, scarce accommodation (though camping is an option) and mosquitoes and other biting insects. Hunting for succulent plants in these areas is really for the more adventurous. Generally, the region experiences two rainy seasons: between March and May, and the second one from late October to December. Therefore, the best times to visit are between June and October.
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Once you have parked up, the rest of the way is on foot.
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Magnificent landscapes such as this await you. Aloe cameronii subsp. bondana in habitat in Zimbabwe.




Madagascar

Madagascar is the fourth largest island in the world and is home to a unique and exotic flora. There are succulents that grow in the dry south and west of the island that occur nowhere else in the world. Distances are large and the infrastructure poor, so independent succulent hunting is difficult here. Fortunately there are organised tours available, but if you are adventurous and wish to go
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