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			Foreword


			I am happy to be a part of the publication of the book Nature’s Tapestry: Uncovering the Beauty and Importance of Biodiversity. To begin with, I want to congratulate the author, Dr. Juan Armando Sánchez, a member of the Colombian Academy of Exact, Physical and Natural Sciences, Professor at Universidad de los Andes and a member of Colombia’s 2019 International Mission of Experts (known in Colombia as the Misión Internacional de Sabios 2019).

			Congratulations also to Universidad de los Andes for supporting this publication on Colombia’s biodiversity, one of the richest on the planet. With a little over 1 million square kilometers of land and 930,000 square kilometers of two oceans, three mountain chains, a good portion of Amazonian forests, the Chocó biogeographic region, the Eastern plains, dry lands in several parts of the country, the tallest mountain in the world that rises next to an ocean (the Sierra Nevada de Santa Marta, 5770 m), close to 2000 species of birds (more than any other country in the world), 35,000 species of flowering plants (second in the world) and an abundance of other animal groups, Colombia, quite rightly, is considered a megadiverse country, alongside Brazil, China, and Mexico.

			The human race relies on the world’s biodiversity in numerous ways, and that is precisely the message conveyed by this book. It emphasizes the importance of becoming acquainted with, comprehending, and conserving Earth’s natural wealth, while also utilizing it sustainably. The book sheds light on the various threats facing our natural resources at this critical juncture. The author draws our attention to the present environmental crisis, exemplified by climate change and the alarming rate of deforestation, in which Colombia unfortunately ranks among the highest in the world.

			The book deals with issues such as the wealth of biodiversity in our oceans and focuses on how such little attention is being paid to them, at least in our country. Dr. Sánchez takes on difficult and controversial topics that are seldom dealt with in publications, including, for example, the legalization of illicit crops, and the need to reduce meat consumption. He calls for a new economic order and a new concept of development, strongly supported by true human development. He also hopes that changes in our country’s educational system will have a “positive and multiplying effect on promoting sustainability and on the search for a new development model, guided by innovation and open science that exploits the potential of biodiversity” (Chapter Eleven).

			Our society’s lack of knowledge about native plants and animals is paramount. From a very young age, Colombians identify with lions, elephants, and giraffes, but they know nothing about our spectacled bear or our amazing coral reefs. Francisco José de Caldas (1768-1816), widely recognized as the first native-born scientist in this country, was adamant in his criticism of our ignorance of our own geography and natural resources. More than two hundred years later, the situation is still worrying, considering the great gaps in our knowledge of these areas.

			Dr. Sánchez is a marine biologist, so his writings focus, to a great extent, on the oceans, their importance, their richness. Perhaps, I should say that the emphasis is on water and what it means for us and for the world in general.

			The book, in sum, draws our attention to our lack of knowledge, to sustainability, to conservation, and to the need for the new generations to become concerned with these important issues. The excellent illustrations, beautiful photographs, and a very complete list of bibliographic references (390 in total) give added value to the scientifically sound and carefully written text.

			I recommend this publication, strongly and without reservations, to be used as a textbook in schools; but I also believe that it should be mandatory reading for politicians, decision makers, and the general public. It is my sincere hope that this book will have the impact that we all expect in the search for a better future for biodiversity and for new generations of Colombians.

			Enrique Forero

			President

			Colombian Academy of Exact, Physical and Natural Sciences

		


		
			Them and us


			No one is a prophet in their own land, and animals are no exception, especially those in Colombia. This is the feeling that invades Universidad de los Andes, Marine Biology Professor, Dr. Juan Armando Sánchez at the beginning of every class when he introduces his students to some of our beautiful country’s the native species: every time he mentions the names of creatures like the ocarro, the taira or the yaguarundí, the students’ faces remain expressionless. Yet, the idea of a penguin, a koala, or a zebra brings forth all kinds of smiles.

			In simpler terms, it is evident that Colombian biodiversity is facing a public relations issue, and Professor Sánchez, why is also a member of Colombia’s 2019 International Mission of Experts, is determined to do something about this.

			The purpose of his classes, of this book, is threefold: to awaken in these students — and in the average reader — the overwhelming curiosity of an Alexander von Humboldt, or the conservationist zeal of a Sylvia Earle. He wants to change our attitude and paradigms towards our fauna, and to find the perfect marketing strategy to bring our curassows and tanagers and parrotfishes and big-assed ants to the daily lives of Colombians (Guacharaca Airlines, anyone?). In short, to reassemble the dialogue on biological diversity, in such a way that “they vs. us” becomes a “them and us.”

			Undeniably, this is no simple undertaking. In Colombia, we are blessed with a trunk full of biological treasures, harboring an astonishing array of life forms. Sadly, many of us fail to grasp the privilege bestowed upon us. If we lived on a barren desert rock, we would undoubtedly envy the biodiversity that this tropical country possesses. In such circumstances, we would dedicate ourselves to preserving what we have with the same fervor exhibited by the Little Prince in his care for his cherished rose.

			But since knowledge is power — and it is also the cure for indiffer­ence — in this entertaining book, the author provides us with valuable gems relating to Colombian biodiversity, interwoven with geology and geography, history, and description, science, anecdote, and the mysteries of the ecology of the Colombian marine environments, as well as that of its tropical rainforests and mountains, its evolutionary past and its future in the making. His words are simple; his science, deep; and his content, interesting. There is plenty of data for after-dinner conversations: What is a Greenland shark doing in the depths of the Colombian Caribbean? How does the forest talk to the river, and what does the river say to the sea? Did you know that the quality of Bogotá’s drinking water is good, but it contains traces of estrogen and residues of antidepressant drugs? And the most pressing of all questions, how will the extinction of species affect humans?

			I also like the fact that Nature’s Tapestry hints at something that the media generally fail to explain very well: the scientific process. The way a researcher’s mind works and the reasons in this race against time — and against heat, carbon dioxide, and the acid levels of sea water — to study the creatures and organisms that navigate the cosmos alongside us.

			The biodiversity of species on Earth and its seas is much more than just a lot of living things. It is a genetic palette of many colors, each pigment absolutely crucial for life on the planet, including our own. For those of us who accumulate strange artifacts, biodiversity is a collection of treasures. It is a collection of orchids, wrinkled seeds, and mangroves; ants, jaguar claws and crocodile fangs; banana feathers, scales and peels; salmon skin, coral architecture and the eye of a whale; courtship flights, war cries and the march of microorganisms under the ground.

			As the magnificent biologist and writer Diane Ackerman puts it, “when we find something that is rare, we mentally add it to the seemingly endless list of forms life can take. We smile in amazement because we have discovered yet another variation on a very old theme. A new note in the melody that our friends have not heard yet. How can we afford to lose those notes if we still do not have the full score of the concert in our hands?”

			Angela Posada-Swafford

			(February 10, 2020)

		


		
			Prologue


			Driven by my desire to convey thoughts with simplicity, I would like to share with you the profound connection we have with biological diversity. In this journey, I stumbled upon a message of hope: an opportunity that we cannot miss.

			First and foremost, I aim to convey a simple and informative message through this book, steering clear of technical jargon whenever possible. While providing ample explanations, I will incorporate references to primary sources, facts, figures, and other resources. This book serves as an invitation for readers to delve deeper into their understanding of biodiversity. It is not intended as a complaint, reprimand, or a manual on the institutional framework and governance of biodiversity, although I touch upon those topics briefly. Instead, it is an invitation to contemplate the subject and, hopefully, inspire a change in attitudes. Furthermore, this book is not solely intended for Colombians; the message I wish to convey holds importance for all individuals. It is a message about biodiversity originating from a tropical country in the southern hemisphere, and I take pride in being a scientist and educator contributing from the Global South.

			Many books on the environment and biodiversity predominantly adopt a terrestrial perspective. However, as a marine biologist, my approach is distinct, recognizing the transcendental nature of water in all its forms. Colombia, the subject of my studies, is situated in the humid tropics and is widely regarded as one of the most biodiverse countries on the planet, perhaps even ranking as the second most biodiverse. It boasts an exceptional concentration of biodiversity per square kilometer and holds  aspirations for development. So how do Colombians perceive biodiversity?

			As a university professor in Colombia, I have taught an introductory course on biodiversity for over fifteen years, and usually start the class with a survey of plants and animals. Here are some of my conclusions: What do the images of an elephant, a lion, a zebra, a lemur, a panda, or a penguin have in common for an average person in Colombia? Students learned about these animals when they were children; most people know precisely which continent or part of the world these animals live in, and they engender empathy and smiles. Many have had soft-toy versions of these animals, and they agree that their conservation along with that of their ecosystems is critical. Now, what do the images of the jaguarundi, tayra, pajuil (guan), a tanager, an olingo, or giant armadillo have in common? Unfortunately, that most of my Colombian students do not know them, or at least not their correct names. Using their names in the classroom is not simple task, and the room fills with silence and sad faces when I tell students that these are all Colombian animals. Things go even further downhill when I tell them that the country has the highest number of bird species in the world, many of them endemic, and sometimes with their entire range confined to one region. They should at least recognize a pajuil!

			This general lack of knowledge has recently sparked a change in attitude towards the local biodiversity. It is no secret that Colombians — paradoxically for a country with the greatest biodiversity per square kilometer, with the most species of birds and orchids in the world! — generally do not identify with the country’s resources. With more than three thousand kilometers of coastline on two oceans and where many different languages are still spoken — Spanish being only one of these — Colombia is among the top five countries globally for many other organisms. Identifying the resources of their territory has been fundamental to many countries, and this positively results in biodiversity being appreciated and protected. For example, the demonym of some countries is the name of one of its endemic species, such as the kiwi, while others use their endemic species — the kangaroo, for example — as their airline logo. Yet, these countries struggle to protect their biodiversity from invasive species from other countries. The most biodiverse countries in the world, Colombia, Indonesia, the Philippines, and Brazil need a positive change of attitude towards their biodiversity or they will face mass extinctions of species and unsustainable conditions in their territories. This is easy to say and very difficult to prevent. We need to transform people’s perception of biodiversity so that they consider it, not an obstacle for development, but an essential source.

			Understanding our close relationship with biodiversity does not require prior knowledge; it is natural, common sense, and an essential component of human well-being. I must admit that, as a teacher, I once thought teaching involved following a checklist; my greatest concern was to make sure I included all the subjects on the curriculum. I was not concerned with the message the students would be left with but rather with presenting the maximum amount of information. But there is no need to overstate the theoretical framework for us to know our own biology. Our long-term take away should be that our connections, synergies and interdependencies coexist with all forms of biodiversity.

			A blind student I used to see walking around the campus, made me think about how difficult it might be for him to fully grasp one of my classes or a book like the ones I have written, so greatly reliant on images and graphics. So, I set myself the challenge of writing this text so that anyone with a similar condition could understand my message about biodiversity with a Braille translation or software that vocalizes text. My idea was also to invite readers to learn more about biodiversity on their own or to visit places in Colombia that could help them understand it (Figure 1). I also included many figures and photographs that complement the text and tell their own story. Colombia’s biodiversity, especially its marine biodiversity, is irresistible for a photography fan like myself.

			In sum, this text arises from the need to disseminate an urgent message, in simple language, about the importance of biodiversity to the biological sciences. Although society knows about biodiversity and despite it being part of the United Nations sustainable development agenda, Colombians perceive it as something distant that is part of nature reserves and parks and great international summits. We do not see it as an everyday experience of our own. We think that deforestation is a problem of lack of control and not of lack of opportunities. This reflects the disconnection that exists within a society deeply immersed in an increasingly urbanized and virtual world. The objective is to foster an understanding of our intrinsic connection with biodiversity, recognizing the importance of our natural environment and our role within the ecosystem. It serves as an invitation to assume responsibility for sustainability and engage with biodiversity from a perspective grounded in common sense.

			When in space, humans need a complex support system to keep them alive that includes specific climatic and atmospheric conditions. By seeing the planet from the outside, we realize how vulnerable we are. We take it for granted that we no longer need this support system on earth. But actions against biodiversity threaten our existence and the survival of life on the planet.

			I want readers to recognize that a lifestyle that favors the persistence of biodiversity results in greater human well-being. As we go through the fourth industrial revolution in which machines gain consciousness through artificial intelligence, we are experiencing a growing environmental crisis, and declining quality of life. We are losing awareness of our role as organisms in an ecosystem. In order to ensure that we seize the opportunity to maintain progress, sustainability, and a healthy life to the fullest extent possible, we must cultivate a fresh perception of biodiversity.

			Taking an optimistic perspective, we have only scratched the surface when it comes to understanding the biodiversity on our planet. In fact, we are aware of merely a third of the total biodiversity, primarily because many life forms are microscopic in nature. It is only in recent times that we have developed the necessary tools and technologies to study and explore this hidden world of biodiversity. Yet, in the face of the rapid degradation of natural ecosystems, it is crucial to acknowledge the urgency of expanding our knowledge of life on this planet and the imperative to conserve it. This informative book centers around the fundamental role of biodiversity in our daily lives, even if we may not directly perceive it. The absence of natural biodiversity poses a significant threat to our very existence.

			I present my message in eleven chapters. A little less than half of these chapters describe biodiversity in Colombian ecosystems through marine and continental examples whose natural lessons are apparent. Next, the chapters focus on the problems that alter our well-being and quality of life when we distance ourselves from biodiversity. The critical point is to define water as the common thread through everything. Another fundamental issue is understanding the actual complexity of microorganisms. As with all plants and animals, their associations with microbes are crucial to our survival, and they represent the most productive ecosystems on the planet. These microorganisms reveal a new lens through which to understand biodiversity and many ecological processes that affect our well-being, including pandemics that threaten our existence as a species.

			The ongoing dilemma between biodiversity conservation and development will continue to clash with our existing lifestyle. However, it can also serve as a catalyst for establishing a fresh relationship with the environment and fostering discussions on transforming unsustainable practices into sustainable ones. The primary conclusion is that our dependence on biodiversity is a natural and undeniable response to the prevailing environmental crises, and it holds the potential to identify new models for development. There are numerous reasons why we must be conscious of our reliance on biodiversity if we are to thrive both as individuals and as a society.
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			Figure 1. Map of Colombia 

			Numbers depict some of the features mentioned in the text: 

			1.Bogotá (Distrito Capital).

			2.The Magdalena River near its mouth at the Caribbean Sea.

			3.The Cauca River Cauca near its mouth at the Magdalena River.

			4.Capital of the department of Antioquia, Medellín.

			5.National Nature Park (PNN) Tayrona in the foothills of the Sierra Nevada de Santa Marta (24) and on the coast of the Caribbean Sea.

			6.Gulf of Urabá, where it flows into the Atrato River. 

			7.Corales del Rosario and San Bernardo National Nature Park. 

			8.Isla Fuerte. 

			9.Gulf of Morrosquillo. 

			10.Archipelago of San Andres, Providencia, and Santa Catalina Department. 

			11.San Andrés Island. 

			12.Providencia, and Santa Catalina islands. 

			13.Banco de Roncador (cay). 

			14.Banco de Quitasueño (cay). 

			15.Banco de Serrana (cay). 

			16.Cayos de Albuquerque (cay). 

			17.Cayos del Este-sur Este-Bolívar (cay). 

			18.Banco de Serranilla (cay). 

			19.Bajo Nuevo. 

			20.Malpelo island (Flora and Fauna Sanctuary). 

			21.Gorgona island (PNN). 

			22.Corales de Profundidad PNN area. 

			23.Guajira peninsula (Department). 

			24.Sierra Nevada de Santa Marta. 

			25.Gulf of Tribugá-Cabo Corrientes on the Chocó coast (Department). 

			26.Colombian massif or Nudo de los Pastos. 

			27.Western Cordillera. 

			28.Central Cordillera at the height of the snow-capped mountains (PNN). 

			29.Eastern Cordillera at the height of Sierra Nevada del Cocuy (PNN). 

			30.Coffee Zone. 

			31.Orinoco River, border between Colombia and Venezuela. 

			32.Amazon River, Leticia. 

			33.Cerros Mavecure, Inírida River. 

			34.Serranía del Chiribiquete. 

			35.La Mojana floodplain.

			From Grundkarte Shadowxfox, commons.wikimedia.org Relief Alexrk2 [CC BY].

		


		
			Chapter 1 - In the beginning everything was ocean


			Let us forget, for now, the statistical view of biodiversity, the numbers of species, their utilitarian percentages, or their ecosystem services; and let us reflect on the environment in which we live. As inhabitants of the Earth, we rarely wonder about the origins of life or the air we breathe or the natural world that surrounds us. We invest more resources, thousands of times more, in looking for life on other planets than on understanding how life could have originated on Earth. The reason for this is that, to most people, oceans are invisible. Beyond consuming their fish and crustaceans — shrimp, crabs, and lobsters — visiting beaches, venturing out on a cruise, or diving off a reef (Figure 2), our society shows little interest in oceans. They are just blue spots on maps, and we know more about the surface of the moon, other planets, and the sun than our own seabed.
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			Figure 2. Gorgonian corals


			(Muricea, Octocorallia) at the rocky reefs from Cabo Corrientes, Golfo de Tribugá, Chocó.

			We are at a time when innovation is essential, and a form of innovation that has served humans for thousands of years is curiosity. I love space exploration, but I think that the attention we pay to space is over the top, given that we have explored less than a mere 10% of our oceans. The flow of information and technology reach their maximum expression, but we fall short in creating solutions for the machines to help us. Doing so would not only help us to better understand the planet we live on, and to broaden the canvas on which humans can seek inspiration to innovate and create. We must involve the oceans in the human worldview for one simple reason: we all come from the sea. So, why not describe Colombia starting with its seas?

			Colombia was born under the sea


			The Colombian territory was under the sea for the most part of the last five hundred million years. When dinosaurs roamed North America, South America began to separate from the African continent.1 The continental portion of Colombia was limited to what is known as the Guiana Shield; this was the rocky part of the Orinoquia and the Amazon, along with some nascent islands that would later correspond to the great peaks of the mountain ranges in formation.

			Where the Pacific Ocean is found today, used to be the Caribbean Plate. It moved to its current position, pushed by the Nazca and Cocos plates, forming what is now the eastern end of the Pacific Ocean. Colombia was born from the collision of several continental plates and the union of various geological formations.

			To add to that, about ten million years ago, when the Colombian territory formed and was positioned in the ocean, the Isthmus of Panama emerged,2 and North America joined South America in the northeastern corner of Colombia, in the Chocó area of Baudó. This is one of the most dramatic events for Colombia’s biodiversity, as species of all kinds arrived in South America from North America; all of them forced to pass through this enclave in this corner of South America.

			The appearance of the Isthmus of Panama separated a great tropical ocean into two: the Atlantic and the Pacific. This changed the circulation of the planet’s marine waters and the climate and had enormous effects on the evolutionary course of biodiversity. Colombia and Central America were left with coasts in the tropics of the two oceans. Not only did the populations of some marine species separate, but they came up against new marine conditions. The Caribbean Sea became warm and depleted of nutrients, producing crystal clear waters, an ideal environment for the development of coral reefs, while the eastern Pacific received cold and enriched waters from the south, establishing areas of seasonal upwelling.3 When the winds from the continent move masses of superficial seawater, they give way to deep cold waters that are rich in nutrients. This results in an unparalleled explosion of life in the ocean, noteworthy for its vast fishery resources.

			Many kinds of corals survived in the Caribbean Sea, along with the colorful fish typical of a tropical reef. Taking advantage of the crystalline waters, the Caribbean corals acted in synergy with microscopic algae (zooxanthellae) to produce the energy of both through photosynthesis (Figure 3).4 Only corals that had the ability to filter their own food were able to survive on the American side of the Pacific. However, a few species of reef-building corals were also able to establish themselves. The Pacific Ocean is known for its abundant food sources, which continues to make it a thriving habitat for a wide variety of fish species to this day.
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			Figure 3. Reef-forming corals in Colombia


			From top to bottom and from left to right. Brain corals, Diploria labyrinthiformis, Colphophyllia natans, Pseudodiploria strigosa, Isophyllia sinuosa, Mycetophyllia aliciae, M. ferox, M. lamarckiana, Meandrina jacksoni; Star corals, Madracis senaria, Orbicella franksi, Montastraea cavernosa, Orbicella annularis, Stephanocoeania michelini, O. Faveolata, Solenastraea bournoni, Madracis sp.; Cauliflower corals, Pocillopora spp. (4 photos); Plate corals, Agaricia grahamae, Agaricia sp., Leptoseris cucullata, and Agaricia lamarcki (all from the Caribbean except cauliflower corals).

			Some of the differences between these two new oceans in this corner of the American continent include their coasts, which, in Colombia, are very different. The Caribbean Sea is a semi-closed — like the Mediterranean — region of the Atlantic Ocean, with great rivers such as the Magdalena, the Sinú, and the Atrato, discharging freshwaters coming from about half of the mountain basins in the country. These freshwaters bring sediments and nutrients from the continent to the sea. These added elements in the freshwater are unfortunately increasing due to deforestation, excess agricultural fertilizers, and sewage from main cities, including departmental capitals such as Barranquilla, Medellín, Cali, and Bogotá.

			So, the Colombian Caribbean coast is influenced by a mixture of fresh and salty waters that form brackish water estuaries and coastal areas enriched with nutrients and sediments. The estuaries are surrounded by mangrove forests, and towards the sea, there are large extensions of seagrass, especially off the coast of La Guajira in northern Colombia. Seagrass is food for hundreds of manatees and turtles. The corals there are adapted to receive excessive sediment loads, allowing the growth of lettuce coral, sponges, and sea chandeliers (octocorals). Many fish use these estuaries as a nursery from where they later migrate to seagrasses, coral reefs, or to the bottoms of the continental shelf. This platform is like the shadow of the continents towards the sea, a gently sloping step that ends in the continental slope and gives way to the deep-sea ecosystems of the great oceanic abyss. People use trawls on the continental shelf to fish for shrimp, making the seabed increasingly flat and soft. This is the equivalent of turning a forest into a savanna.5

			The oasis in the Caribbean desert


			There are a number of oases on the Colombian continental shelf called coral reefs, produced by the colonization of corals on mud volcanoes. Most of the reefs on the continents are on the edges of rocky coasts, as in Santa Marta and Tayrona National Park. And, of course, as strange as it sounds, it is another of Colombia’s natural peculiarities; yes, under the surface layers of the platform, there are very old mud deposits that have never hardened. When there are geological movements, these muds are extruded and form volcanoes. Some, such as the Totumo volcano north of Cartagena, emerge onto land, but most have emerged underwater on the continental shelf, from the mouth of the Magdalena River to the Gulf of Urabá. The archipelagos of Rosario and San Bernardo, together with the islands of Barú and Isla Fuerte, were submerged coral reefs, and they maintain the most extensive coral reef systems of the Colombian Caribbean coast on their margins.

			The idea of finding life on another planet is fascinating, but the closest thing to a strange and alien world is closer than we imagine, and can be found by diving onto a coral reef. This is the reflection the English publicist Richard Vevers uses to describe his fascination with coral reefs at the beginning of the documentary Chasing Coral.6 In this alien world, animals are immobile, and their skin is pigmented by millions of energetic micro-batteries of another species altogether — zooxanthellae — that uses solar energy. The corals are lit up at night with an ultraviolet light, turning everything fluorescent. This is probably what inspired James Cameron when recreating life on planet Pandora in his movie Avatar.7 This coral-microalgae relationship is so efficient that it allows the coral to deposit a calcium carbonate skeleton much more quickly. The ecosystem that these organisms build is responsible for the rocky foundation of areas as large as the state of Florida in the United States, Cuba, the Yucatan peninsula, Cartagena, and even part of the Alps. The most formidable living coral reef today is the Great Barrier Reef in Australia, the length of which is the same as the entire Atlantic coast of the United States!

			Coral reefs are not only a true marine oasis full of creatures like corals, octopuses, lobsters, and parrotfish, they also serve as ecosystems with economic benefits. Figures show that coral reefs occupy an area of less than 1% of the Earth’s surface, but they host more than 30% of its marine species. They serve as a natural barrier to the coasts that they protect against the direct influence of waves and storms. Food and tourism services in this ecosystem are valued at almost half a million dollars a year per hectare.8 Unfortunately, this value is constantly decreasing, as a result of a combination of factors such as pollution, overexploitation of fishery resources, and climate shocks. Despite the global importance of this ecosystem, it is the first to be disappearing because of climate change. Hence the importance of coral reefs in the Colombian Caribbean. The Archipelago of San Andrés, Providencia, and Santa Catalina on the other hand, have the most developed coral reefs in the country, as they include at least eight atolls and two barrier reefs.

			Atolls are those ring-shaped coral reefs whose origin was the subject of much debate in the nineteenth century, and it was Charles Darwin (1809-1882), the most noteworthy biologist of that era, who provided an explanation. His greatest contribution undoubtedly lies in the theory of the origin of species through natural selection, which serves as the foundation for understanding how life has diversified on our planet and, consequently, enlightens us on the origin of biodiversity. Few are aware that Darwin also published a study on the geology of coral reefs, which appeared in at least six editions. Somehow, Darwin understood that the islands with extinct volcanoes that develop coral reefs around them were always located in certain geographical areas, a good distance away from the active points of volcanism, and that these eventually sank into the sea; but the coral reefs stayed exactly where they had started. He noted that, on islands with extinct volcanoes, coral reefs tend to be remote, and that progressively, as some part of the island disappeared under the sea, it left an atoll that looks like a ring of coral.9 Atolls abound in some parts of the central Pacific Ocean and the Indian Ocean, but they are scarce in the Atlantic, where almost all are in the Caribbean Sea. The majority of these are located in Colombia’s Caribbean region, and known as banks, basses, or cay islands (Albuquerque, Bolívar, Serrana, Roncador, Quitasueño, Nuevo, Alicia, and Serranilla). The island of San Andrés was also an atoll that tilted onto its side, and the eastern side gave rise to the island, with coral skeletons present even on its highest rocks.
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