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The above picture was drawn by my son, Daly Rainbow Wilson, a gifted artist, in 2020. The drawing depicts an adult pair of Javan Rhinos, showing the key differences between them, i.e., males are larger, heavier, and are horned. Females are less bulky and hornless. I had Daly’s original drawing framed; It now sits in pride of place on a wall in our home, I smile every time I look at it!
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Preface


As I write this, I am 66 years old, and in my relatively short lifespan, humanity has lost significant habitat and wild places across the globe, with an estimated 35% remaining. The world’s population is now over 8 billion people, noting there was around 2.7 billion when I arrived on the scene in 1959! Globally, just in my lifetime we have lost many significant species and subspecies such as the Western Black Rhino (Diceros bicornis longipes), Javan tiger (Panthera tigris sondaica), Bali tiger (P. tigris balica), the Baiji or Yangtze River Dolphin (Lipotes vexillifer), Lesser bilby (Macrotis leucura), Pinta Island Giant Tortoise (Chelonoidis niger abingdonii), Costa Rica Golden Toad (Incilius periglenes), the Javan rhino (Indochinese) subspecies (Rhinoceros sondaicus annamiticus), and the wild population of the Northern White Rhino (Ceratotherium simum cottoni) now functionally extinct with two ageing females remaining, and the Bornean Sumatran Rhino (Dicerorhinus sumatrensis harrissoni) once found across Borneo is now extremely rare, most likely functionally extinct, at present only two animals are known to remain.


As of December 2024, the IUCN Red List now includes 260,000 species, 44,300 of these are threatened with extinction, including, 41% of amphibians, 37% of sharks and rays, 44% of reef building corals, 34% of conifers, 26% of mammals, 28% selected crustaceans, 21% reptiles and 12% of birds. Humanity’s hunger for more available land and natural resources continues unabated. Natural landscapes and their flora and fauna are under threat like never before, and far more resources are spent destroying nature than protecting it. I was motivated to make a useful and hopefully positive contribution to one of those at-risk species. The initial catalyst and inspiration for my interest in Javan rhino (Rhinoceros s. sondaicus or ‘Badak jawa’) occurred in 1967. As an eight-year-old with an insatiable fascination for nature, I learnt that a team of photographers were going into the jungles of Ujung Kulon, West Java, Indonesia, to photograph the Javan rhino in colour for the first time, which at the time were believed to number only 25 animals. I have clear memories of dreaming about this endeavour, the steamy jungle, lush tropical vegetation, how rare the rhinos were, would they find any, the risk of tiger attack, succumbing to dengue or malaria and battling the elements to secure these photos. Even as a young boy, I subconsciously began planning a way to visit Ujung Kulon, now a national park, and somehow study these amazing creatures. These enduring thoughts stayed with me through to November 2014, when I spent two weeks in Ujung Kulon and began formulating a plan to study these animals for my PhD. During this first visit to Ujung Kulon National Park, my expectations for what I would see and feel were high, and the experience did not disappoint. During November, the traditional monsoonal build-up was happening, the weather was erratic, bouts of heavy rain, sunshine, then corresponding periods of high humidity filled the air, and quickly I was drenched in sweat and ringing wet from rain and heavy droplets falling from the lush vegetation. Paddling a canoe along the rainforest-lined Cigenter River, a known Javan rhino haunt, was everything I dreamed of. I observed reticulated python (Malayopython reticulatus or ‘Ular sanca batik’) the world’s longest snake, curled up in branches over water, noting the infamous green anaconda (Eunectes murinus) is slightly shorter but heavier by weight, the bright red, blue, and yellow flash of Javan stork-billed kingfisher (Pelargopsis capensis javana or ‘Raja udang besar’) Asia’s largest, flying ahead of the canoe and troops of long-tailed macaques (Macaca fascicularis or ‘Monyet’) climbing down the mangrove branches to flash their eyebrows and protest as we paddled past. A Javan red giant flying squirrel (Petaurista p. petaurista or ‘Bajing terbang’) was jumping across branches high in the canopy, its shining red fur, which is quite striking in the sunlight, was eye-catching. A pair of the large and conspicuous oriental pied hornbill (Anthracoceros albirostris or ‘Kangkareng’) were calling to each other as they fed on ficus fruits high in the canopy. I really felt I was in the rhinos’ last refuge. Rhino signs were everywhere, muddy slides and pathways where they had left the jungle to enter the water, horn rub marks on trees and flattened vegetation where they had clearly been feeding. On my first trip, the only thing that could have made the experience any better would have been to actually see a Javan rhino.


Over the six years and the many field and university trips that would follow, I was never able to get a complete rhino sighting in the field, usually it was a quick glimpse of a disappearing rhino backside charging off noisily after being disturbed at a wallow, or walking through wet, smelly, urine covered foliage, where a rhino was standing only seconds before. This is not unusual. In 2016, when I surveyed all 36 frontline staff, 78% of them had actually seen a Javan rhino in the field, and 22% had not, in spite of significant time, sometimes years of working in Ujung Kulon. This is okay, fortunately, I had access to the next best thing, camera trap footage, which would give me an undisturbed view and enabled me to learn about this amazing megaherbivore survivor. This book, in part, tells the natural history story of the Javan rhino through to present time, and the adjacent six-year PhD journey I undertook to find a way to study them and what I learnt. For example, I increased our knowledge of their social behaviour, uncovered secrets about their communication, their vocalisations, and wallowing behaviour, to name a few, and found practical ways to increase their habitat and food resources. It’s a mixed bag of Javan rhino and local wildlife facts, my many local wildlife, community, rhino protection and national park staff adventures, what I actually discovered over my visits to Java and the people and places I interacted with and visited along the way. I’ve tried to convey the information in an easy-to-read but not too sciency style, and aimed to keep the PhD information clear and interesting. References have been used sparingly across the book, relevant author references used are listed at the end of Parts I, II and III, with fully cited references in the bibliography at the end of the book, otherwise references have only been used as context and support components of the story. It’s a memoir of my journey, the scientific research and the personal, hope you enjoy the ride, I did!


To assist the reader, and in defiance of academic convention, we have included species’ latin, local and family names in brackets.


Dr Steve Wilson, PhD 2025









Foreword


I am very delighted to pen this foreword for a publication which is of immense importance and that is on a species which is critically endangered—the Javan rhino (Rhinoceros sondaicus), which is currently only found in one of the national parks in West Java, Indonesia. Currently, Ujung Kulon National Park in West Java, Indonesia, is the only abode of the critically endangered Javan Rhino which is also known as the Lesser one-horned rhino. The Asian Rhino Specialist Group, within the Species Survival Commission of the International Union for Conservation of Nature (IUCN) has been providing its technical inputs to all Asian rhino range countries in their efforts to secure the three species of Asian Rhinos—the Javan, Sumatran and the Indian greater one-horned rhino? While the Javan and Sumatran rhino is listed as critically endangered species, the Greater one-horned rhino is listed as vulnerable by the IUCN Red List of Threatened Species. Out of these three species of Asian rhinos, the greater one-horned rhino, found only in India and Nepal has made a remarkable comeback from the brink of extinction during early 20th century, from a population of fewer than 200 to current population of over 4000. This book, titled Endangered, The Javan rhino story, is authored by Dr Steve Wilson, with an aim to raise awareness, beyond the scientific community, as the author strongly feels, as conservation biologists, we all live and breathe the challenges rhinos and other wildlife and their habitats have been facing. It is a fact that the broader community at large is often unaware of the prodigious conservation effort in practice for many years and this book is an effort to share information on conservation efforts to secure the future of Javan rhino in Indonesia. I have been fortunate to visit Indonesia since 2008 in my capacity as Asia Coordinator of International Rhino Foundation and also as the chair of IUCN/SSC; Asian Rhino Specialist Group and visited various parts of Ujung Kulon National Park with Rhino Protection Units of the Ujung Kulon National Park and Yayasan Badak Indonesia (YABI) and was fortunate to see two Javan rhinos in the National Park in wild habitat. Sightings of Javan rhino are very difficult in natural habitat due to its elusive behaviour. Javan rhino being a browser, often remains in the dense forest areas of the national park and on very few occasions it will move out to open areas like seashores or grazing areas. With natural succession taking place, it is essential to monitor the rhino population and changes in forest and waterbodies as part of the key habitat of Javan rhino. Steve did his rhino field work in Ujung Kulon National Park to unearth information needed to recommend future conservation needs and planning during his PhD studies. I am fortunate to be one of the two academic assessors of his PhD thesis and realised how important his research work was in that it contributes knowledge of the species and assists conservation and management to secure the future of critically endangered Javan rhino. The commitment shown by Steve during his six years of PhD work, to learn about Javan rhino in the wilderness, is indeed a valuable collation of knowledge on the species and its habitat, and what inspired me more is the final output of his research outcomes through Endangered, The Javan rhino story. I would recommend all the people associated with wildlife conservation not to miss reading this book, which has been written in a way the broader community can understand. Knowing about the critically endangered Javan rhino, whose global population is less than 60 itself, may trigger the needed spark among the minds of humans to collectively contribute to secure the future of Javan rhino in years to come to ensure that our next generations can see them in the wilderness alive! I strongly feel that one species on this world— namely, homo sapiens can create unlimited opportunities to save the species from the brink of possible extinction. We need to generate the strong will among humans to care for all living species on planet earth to reflect that humans are responsive towards the needs of planet earth’s ability to support all life forms in harmony.
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Bibhab Kumar Talukdar, PhD


Chair: IUCN/SSC; Asian Rhino Specialist Group


& Founder and Secretary General, Aaranyak


& Senior Advisor (Asian Rhinos), International Rhino Foundation









PART I


Endangered—Introduction


There is significant evidence suggesting that the sixth mass extinction in the history of Earth is occurring. Unlike the distant past mass extinction events near the end of the Ordovician, Devonian, Permian, Triassic and Cretaceous periods, this current event is different in its causes, character and rates of extinction, largely resulting from anthropogenic or human-induced drivers. Globally, species are now going extinct ~100 times faster than background extinctions before humanity due to combined pressures and threats such as global climate changes, human population pressures, urbanisation, hunting and poaching, fragmentation of habitats, the introduction and spread of exotic species, a suite of pathogens and other factors, such as the unrelentless desire and need for more agricultural land. Despite 17% of the Earth’s terrestrial areas and around 7.5% of the ocean’s surface being declared as protected areas, significant gaps remain in the effective protection of biodiversity around the world, with existing protected areas varying in their resilience and ability to protect biodiversity and prevent extinction events.


The annual global trade and illegal trade of wildlife and wildlife products business alone is estimated to be worth between $10-23 billion USD. Global demand for productive land continues to be at odds with environmental protection requirements, often causing conservation disputes. As far back as 2009, the United Nations Food and Agricultural Organisation projected it will require at least a 70% increase in food production to feed a projected human population of 9.1 billion people by 2050. As of 2025, this projection is on track and may exceed the human population growth expectations and consequent food needs. Globally, despite ongoing attempts to meet the needs of both human population growth and nature conservation objectives, many challenges remain. For example, the overall conservation status of the world’s mammal species continues to deteriorate, due to threats such as habitat decline and loss, and continued overexploitation.


In addition to reducing population numbers and abundances of various species, threats such as poaching and habitat loss, compounded by diverse and unique ecological traits of some species, have reduced the current ranges of many species from their historical extents. According to the International Union of Conservation of Nature (IUCN), 44 of the 74 largest terrestrial herbivores (˃100 kg) are threatened with extinction (including 12 critically endangered or extinct in the wild), and 43 have declining populations. The majority of the large threatened terrestrial herbivores are found in developing countries, the exception being European bison or Wisent (Bison bonasus). The loss of large herbivores creates a trophic cascade, causing negative impacts across a broad spectrum of species, including apex carnivores, scavengers, small herbivores and small mammals, with consequent impacts on ecological system processes such as aspects of vegetation, hydrology, nutrient cycling and fire regimes.


The global growth in African palm (Elaeis guineensis) oil, which is now the most commercially traded vegetable-oil crop in the world, continues unabated. Because the oil palm’s range is confined to the humid tropical zones, its expansion has come at the expense of biodiverse ecosystems, species diversity and carbon-rich tropical forests. The growing spectre of climate change looms large for ecosystems and their respective wildlife across the globe. Under the Brazilian Bolsonaro administration, destruction of the Amazon surged, doubling CO² emissions from wildfires between 2019 and 2020 and with deforestation reaching a 15-year high in 2021. The Amazon is steadily moving closer to the tipping point of becoming a carbon emitter and not a sequester. Central Africa’s Congo Basin, the world’s second-largest rainforest biome, now with the Amazon’s decline, will become increasingly important for global climate stability and will need increased protection. Fortunately, through Brazil’s recently elected President Luiz Inacio Lula da Silva’s administration, reductions have begun, with the Brazilian Amazon deforestation rate falling by 22.3% in the year through July 2023. Our warming climate-induced thaw is driving rapid change across the Arctic Circle, opening the permafrost, exposing long-protected soil and releasing increasing amounts of methane, an unwanted greenhouse gas into earth’s atmosphere. Antarctica is showing similar deterioration due to increased ice melt. This will reduce both poles’ ability to reflect solar radiation, effectively warming our planet even further and impacting climate cycles. Again, humanity needs to be aware of this real emerging threat and take action to slow and stop it.


What are the drivers of terrestrial mammal decline? 


A review of the Class Mammalia by Hoffman et al. (2011) recognised 5,487 extant species. Despite this incredible diversity, the overall conservation status of the world’s mammal species continues to decline, with an estimated one-fifth of mammals threatened with extinction. Over 60% of the world’s largest carnivores and largest mega-herbivores are threatened with extinction. Globally, it is estimated that at least 60% of primate species are threatened with extinction and 75% have deceasing populations. Mega-herbivore species, such as the Javan rhino (Rhinoceros sondaicus) and the Sumatran rhino (Dicerorhinus sumatrensis), now numbers under 60 and 50 respectively. Across Southeast Asia, humans have been hunting wildlife for at least 40,000 years. Hunting intensity has increased with rising human population densities and declining forested landscapes across the Asian region. For example, the first 90 years of British colonial rule across India instigated a system of rewards and bounties, driving an almost obsessive desire to hunt wildlife. For example, over 80,000 tigers (Panthera tigris) were hunted and killed during the period 1875 to 1925, averaging over 15 per week for 50 years. In recent times, the hunting of low-density populations of large mammalian fauna is likely to have a negative impact on population dynamics and long-term viability. Excessive overhunting for wild bushmeat across the developing world is becoming a critical factor in the decline of the largest terrestrial herbivores.


The global trend of increased wealth, especially in the Middle East, Russia and China, is expected to drive interest in many forms of hunting and increase demand for animal products such as rhino horn or tiger body parts. However, hunting, when managed properly, can generate substantial income that, at least in part, is directed towards conservation of target species and their habitats. For example, in Southern Africa, the development and shift of agricultural land to natural habitat for private game ranches has positively impacted the recovery of white (Ceratotherium simum) and black rhino (Diceros bicornis) numbers.


In the modern era, ongoing human population growth, consequent demand and rising GDP are related to significant growth in commercialised bushmeat hunting relative to subsistence hunting across many parts of the world. Rapid human population growth poses an ongoing threat to remaining wildlife populations. For example, in Asia, the preferred habitat of Javan rhino and Sumatran rhino is lowland rainforest, critical rhino habitat now being converted to oil palm and rubber plantations. Greater one-horned rhino (Rhinoceros unicornis) thrive in fertile floodplains, which are also prime human development sites for agriculture, logging and intensive cultivation. This rapid development has been supported by the expansion of agricultural land, corresponding rises in livestock numbers, causing increased isolation of protected and conservation areas and consequent decreasing wildlife populations. This situation is further exacerbated by threats such as logging, through creation of access roads, improved hunting equipment and ineffective or inadequate wildlife protection.


Global market demand increases for nonarboreal (e.g., rice, sugar cane and soybeans) and arboreal crops (e.g., natural rubber and oil palm), livestock (e.g., cattle) and tropical hardwood timber has driven broad-scale industry-supported deforestation across mainland Africa, Central and South America, Madagascar and Asia. The globalisation of financial markets and worldwide commodity boom has driven the ongoing demand for tropical timber and the expansion of industrial logging, driving deforestation and the economic imperative to expand road building in forested areas.


Habitat fragmentation exacerbates the effects of hunting by allowing hunters access to former remote areas and reduces the options for population growth of hunted species, should hunting ever be brought under control. Across Asia, large terrestrial mammal populations such as elephant and rhino are often exposed, because these habitats are under major pressure from conversion to agricultural activities and oil palm plantations. Allée effects have impacted many flora and fauna species. For example, individual reproduction and survival can be compromised in small populations through issues such as access to, or mate shortage (reproductive isolation), or lack of conspecific (same species) cooperation.


Often, the value humans attribute to the rarity of a species that can drive higher demand can, for example, increase poaching pressure and rapidly drive a species towards extinction, can be termed an anthropogenic allée effect. The anthropogenic allée effect often causes negative growth rates at low densities, driving populations to even lower densities, leading to an extinction spiral. In small, scattered, and isolated populations, it is only a matter of time before the average mortality rate exceeds the annual birth rate, and before the population goes extinct. The Sumatran rhino is a prime example of a species impacted by small populations and anthropogenic allée effect. Unusually, and unlike other rhino species, female Sumatran rhino ovulates only if induced by males (reflex ovulation). In fragmented or heavily hunted habitats, reproduction events fail to occur when the population becomes so low and isolated (reproductive isolation) that both sexes are unable to meet, contributing to impaired reproductive pathology such as tumours of the uterus and low or reduced sperm activity. Bottom line is, female Sumatrans need to be ‘bare-hooved and pregnant,’ otherwise they develop a rhino version of endometriosis, and the boys need to regularly ‘mate and induce female ovulation’. I don’t apologise for presenting the above information, it’s real, and humanity needs to be aware, and importantly, work to turn things around. I’ve only been highlighting the risks to terrestrial mammals! Many species of marine mammals, birds, reptiles, amphibians, fish, invertebrates, plants and broader biodiversity and ecosystems face similar threats.


Evolution of the Rhinoceros Family


Early reconstructions of the evolutionary history and lineage of rhinoceros created a diversity of misconceptions and errors about rhinoceros systematics, phylogenies and nomenclature. These early phylogenies were founded on features now known to be significantly variable, i.e., molarisation of the premolars, which resulted in the division of early rhinoceros into too many species.


Today, four families are known, including the Amynodontidae, Hyracodontidae, Rhinocerotidae and the Paraceratheridae. All five living species possess the characteristic ‘rhino horns’ composed of keratinised hair, which decomposes at death and is not often preserved in the fossil record. Early forms of rhinoceros-like mammals belonging to the genus Hyrachyus are known from late Eocene (55.8–33.9 million years ago) deposits found in Asia, North America and Europe. These early forms resembled primitive horses and tapirs, none of which attained the larger size or horns that now characterise the modern species. Appearing in the late Eocene, and forerunners of the modern forms belong to the family Rhinocerotidae; these animals at the time were less prominent than two other families: the running rhinoceros (Hyracodontidae) and the aquatic rhinoceros (Amynodontidae). Ecologically and biologically successful due to their broad distribution and evolutionary persistence, rhinos have endured and thrived.


The aquatic Amynodontidae reached their greatest diversity in the late Eocene and early Oligocene (33.9–23.03 million years ago), especially in Asia. The third family of rhinoceros, the Rhinocerotidae, rose to prominence in the Oligocene period, after first appearing in the late Eocene in Eurasia. It was during this period that the trend towards larger, heavier bodied species and the key characteristics of modern Rhinocerotidae developed i.e., the appearance of boneless horns on the skull; broad feet with three toes and significant changes in dentition; premolars became more like molars, crowns of cheek teeth lengthened and the complexity of enamel patterns offered improved efficiency in handling a diet of coarse grasses for those species that were primarily grazers.


The recently treated fourth family, the giant rhinos (common name for the Paraceratheriinae), belonged to a remarkable lineage of the Rhinocerotoidae and lived across Eurasia in the Oligocene period. There are seven recognised genera (Juxia, Urtinotherium, Paraceratherium, Dzungariotherium, Benaratherium, Aralotherium and Turpanotherium). These animals grew to enormous sizes. For example, the giraffe-rhino (Paraceratherium asiaticum) is estimated to have weighed upwards of 34 tonnes and over 6 metres tall. Seriously, I would defy anyone not wanting to see this animal; it must have been an impressive sight. Today, our largest terrestrial mammal is the bull African elephant (Loxodonta africanus), which continues to grow until its 40+ years old and may reach 7+ tonnes and 4 metres in height, still impressive but tiny when compared to the giant rhino group. Many representatives of the family persisted successfully for millions of years. Recent North American fossil finds across the Badlands of the American West attest to their persistence. The Amynodontid genus (Metamynodon) is a prime example of a hippo-like rhino that ranged for 10 million years over much of North America. The massive and best-known species is Metamynodon planifrons, a form characterised by having massive teeth and large tusks that give it the appearance of a hippopotamus, some skeletons were over 3 metres in length. There is no doubt the success of rhinos was their ability to adapt and thrive on a nutrient-poor diet, and ability to exploit a diversity of habitats, which explains the broad distribution and their success as mega-herbivores.


Towards the end of the Miocene (23.03–5.32 million years ago), climatic changes are implicated in the demise of many rhino species. Across North America, almost the entire rhino fauna was eliminated, and in Eurasia, only two lineages survived; fortunately, one of these, the dicerorhinines, gave rise to a form similar to the Sumatran rhino of today. The well-known and famous woolly rhino (Coelodonta antiquitatis) was amongst this group, appearing in the Pleistocene (2.58 million–11,700 years ago) in China, moving west into Europe, and by the Upper Pleistocene, the woolly rhino was the most widely distributed rhino species ever recorded. Tragically, this ecologically successful species died out only recently in evolutionary timeframes, less than 12,000 years ago. The evolution of rhinos spans 50 million years, and the fossil evidence of greater than 60 genera and hundreds of species exists, forms that ‘occupied nearly every ecological niche available to large mammalian herbivores’.


The common ancestor of extant species of rhino may date from 28 to 33 million years ago, with the next divergence within the group occurring only 1.0–1.5 million years later. Analyses of complete sequences of the mitochondrial 12S rRNA and cytochrome-b genes suggest that Asian and African rhinos diverged about 26 million years ago and that the Sumatran rhino forms a sister clade with the two species of Rhinoceros, the greater one-horned and Javan rhino.


The above synopsis of rhinoceros evolution has been drawn mostly from formative studies by Prothero, Guerin, and Manning 1989), and their work on the Evolution of Perissodactyls; and Shijie, Qigao and Tao (2022), and their work on the body mass of the giant rhinos (Paraceratheriinae, Mammalia) and its tendency in evolution.


Rhinoceros taxonomy and distribution


All rhinos belong to the mammalian order Perissodactyla (derived from the Greek words perissos, meaning odd in numbers and daktulos, meaning a finger or toe). The family Rhinocerotidae is included in the order Perissodactyla, together with the Tapiridae (tapirs) and Equidae (horses and asses). The Tapiridae are represented in one genus (Tapirus) with four species found in Central and South America and one in Southeast Asia, whereas Equidae is represented in one genus (Equus) with six species distributed throughout the world.


In 2013, an additional new species was added to the 17-living species of Perissodactyls, with the discovery and description of a new species of tapir, from southern Columbia and Brazil, the Kabomani tapir (Tapirus kabomani), one of the largest terrestrial mammals to be newly described, and the only new Perissodactyla in over 100 years. Local indigenous people undoubtedly maintained knowledge of the newly described species, suggesting a role for traditional ecological knowledge (TEK) in understanding the broader biodiversity of the region.


Modern perissodactyls are medium to mega-sized herbivores, ranging in size from the smallest equids (weighing 200 kg) to the largest rhinos (3,500 kg). Perissodactyls are united as a mammalian order by their limb and skeletal structure, and their body weight is borne by the large central digit. The Equidae (horses and asses) have a single functional toe on each foot (the third digit), while the Rhinocerotidae have three distinctive toes per foot. The Tapiridae, considered the closest to the ancestral perissodactyl form, possess four toes on the forefeet.


Perissodactyls move about on their hooves or digits, never on the sole with the heel touching the ground; the ulna and radius are reduced, which has simplified the wrist and ankle joints. The rhino families’ characteristic and distinctive horns are present on the frontal bones of all living species of the Rhinocerotidae, are dermal in origin and retain no bony core as in the artiodactyls (e.g., antelopes, deer and bovids).


Living rhinoceros (African and Asian species), historical and current distribution, ecology 


The Family Rhinocerotidae, a small group of mega-herbivorous mammals, have suffered significant reductions in distribution, range and numbers. The family Rhinocerotidae have three-toed hooves, a key characteristic of the odd-toed ungulate mammalian order Perissodactyla. The five living rhino species belong to the order Perissodactyla, suborder Ceratomorpha, family Rhinocerotidae and the two sub-families Rhinocerotinae, for Dicerorhinus and Rhinoceros; and Dicerotinae, for Diceros, and Ceratotherium. Living rhino species have 82 chromosomes, the exception being black rhino with 84, are amongst the highest for mammals, noting we humans have 46. Living rhino consist of four genera: Dicerorhinus, Rhinoceros, Ceratotherium and Diceros, of which only the latter two occur in Africa. The five extant species include the Black rhino (Diceros bicornis), white rhino (Ceratotherium simum), greater one-horned rhino (Rhinoceros unicornis), Sumatran rhino (Dicerorhinus sumatrensis) and the Javan or lesser one-horned rhino (Rhinoceros sondaicus).


All species are listed on the Convention on Trade of Endangered Species (CITES) Appendix 1, with three listed as critically endangered D. bicornis, D. sumatrensis, R. sondaicus, one as vulnerable R. unicornis and one as near threatened C. simum on the IUCN Red List (2024). There are currently two views regarding the number of black rhino subspecies. Groves & Grubb (2011) recognise eight subspecies, and Emslie and Brooks (1999) recognise four subspecies. For the purposes of this book, Emslie & Brooks (1999) descriptions have been used. Of the four black rhino subspecies, three extant subspecies remain: D. b. bicornis, D. b. michaeli and D. b. minor. D. b. longipes is now extinct. White rhino includes two subspecies, southern white rhino C. s. simum and northern white rhino C. s. cottoni. The northern white rhino (recently proposed as a separate species C. cottoni; Groves et al. 2010) became extinct in the wild in 2008. In 2009, four aged captive animals were transported to a Kenyan conservancy, the last hope for its survival (Leader-Williams 2013). As of 2025, only two animals, both non-reproductive females, remain; the last male died on March 19, 2018. With their large body mass and ability to thrive on a low-quality vegetation diet, rhinos have persisted over extended evolutionary periods, making them among the most biologically successful of the mammals. All five living rhino species are polygamous and polyandrous, with both males and females seeking multiple mates. Males are usually solitary, separating themselves spatially and temporally through olfactory communication using dung and urine to convey scent signals.


For the family Rhinocerotidae, the most stable and social bond amongst extant rhino species is between a female and calf. Intraspecific courtship and mating behaviour (e.g., male combat) are known to be aggressive and intense in all five species. For the family Rhinocerotidae, communication via vocal and olfactory signals (dung, urine, spray), pedal scent glands (cutaneous) are prominent as they have an acute sense of hearing and scent detection but relatively poor eyesight. Olfactory (scent/odour) signals can also provide spatial information, for example, territory ownership and dominance or movements of a significant individual such as a dominant male. All five rhino species vocalise or call in various categories, including puffing, snorting, growling and the in-need-to-be-studied harmonic calls. Vocal and olfactory signals are the most important for communication amongst rhinos, however, their vocal communication has only been investigated to a very limited extent to date.


White rhino


Largest of the five species, the white rhino is characterised by its square lip which is an adaptation for grazing. Head-body: 340–420 cm; tail: 50–70 cm; shoulder height: 150–180 cm; weight: 2500 kg; but can range between 1800-3500 kg, with males larger and heavier than females. The head and body are massive, with a distinctive bump (nuchal hump) on top of its short neck, that helps support the head. The anterior horn is normally the larger of the two, and averages 90 cm but can grow up to 150 cm. Female horns are often larger and thinner, male horns are often shorter and bulkier. Gestation is 16 months; intercalf interval is 2–3 years in good habitat. Courtship is aggressive, with males actively chasing females and aiming to keep oestrus females within their breeding territories. May live up to 50 years. Males are sexually mature at 10–12 years, females at 6–7 years. Found in Southern Africa, including Southeast Angola, North-East Namibia, Botswana, Zimbabwe, South Mozambique, Swaziland and South Africa. The subspecies C. s. cottoni was historically present in South Chad, Central African Republic, South Sudan, North-East Democratic Republic of Congo and Uganda, is now extinct.


Black rhino


Third largest of the five species. Adult male and female black rhino are of similar size, with little dimorphism, although males tend to be heavier. Black rhinos have two horns; the anterior horn can reach 130 cm, the posterior horn is typically smaller, between 2–55 cm. Head-body: 300–380 cm; tail: 25–35 cm; shoulder height: 140–170 cm; weight: 900–1350 kg. The black rhino has a prehensile upper lip that aids in browsing foliage from shrubs. Compared to the white rhino, this species has a distinctive hollow-shaped back, and its ears are more rounded. Mostly solitary, males and females only come together for breeding. Courtship is violent, and mating can occur anytime of the year. Gestation is 15–16 months, intercalf interval is 2–4 years depending on habitat quality. May live up to 35 years in the wild. Black rhino tends to feed early morning and evening. During the heat of the day, they seek shade and rest, and use wallows if available. Black rhino is polytypic (two or more genetically different subspecies), and four subspecies are known. D. b. bicornis is found in Namibia, and West and Southeast Southern Africa. D. b. longipes was formerly found in Nigeria, Cameroon, Chad, Sudan and the Central African Republic, and was declared extinct in 2011. D. b. michaeli is found in Kenya, Rwanda and North Tanzania. Historically, it was also found in Sudan, Ethiopia and Uganda. D. b. minor is found in Central Tanzania, Zambia, Zimbabwe, Malawi, Botswana, Mozambique, North and Central-East South Africa.


Greater one-horned rhino


Second largest of the five species. Head-body: 335–346 cm; tail: 66 cm; shoulder height: 175–200 cm; weight: 1800–2700 kg. Adult males develop longer mandibular incisors (tusks) and have larger neck muscles than females. Incisors, more than horns, are used in combat. Horn length averages 25 cm in males, 24 cm in females, can range from 20–61 cm. This species has two distinctive skin folds that drape over the sides of the front and back legs. Mostly grazers, this species will browse when needed. Gestation is 16 months. Males form dominance hierarchies. Scent-marking occurs at dung heaps or middens, which serve as communication points and mark territorial boundaries. Males are sexually mature at 9 years, females at 4 years. May live up to 35 years in the wild. The long interbirth interval (3.8 years), means breeding opportunities are few, meaning heightened aggression occurs when females are in oestrus. Excellent swimmers, they can dive and feed underwater. Like most rhinos this species has a strong sense of smell and good hearing, but poor eyesight. This species is found only in India and Nepal.


Sumatran rhino


Smallest and rarest of the five species. Head-body: 236–318 cm; shoulder height: 100–150 cm; weight: 500–960 kg. The two horns are small, typically larger in males. The body is covered in a hairy, reddish-brown skin. Two clear skin folds are present on the body. Sumatran rhinos are mostly browsers, preferring pioneer and secondary-growth plants. They are good swimmers and climbers, able to ascend and descend steep terrain. Gestation is 15–16 months, with an intercalf interval of 3.5 years. Calves remain with the mother for 2–3 years. Courtship is known to be aggressive, with males undertaking courtship chases, leading to copulation. Female Sumatrans are unique in that they are reflex ovulators; the mating act induces ovulation. Males are sexually mature at 7 years of age, females at 4 years. May live to 45 years in the wild. The extensive development of oil palm plantations across its range has converted valuable rhino habitat and allowed poachers access to formerly remote areas.


The Sumatran rhino is polytypic (two or more genetically different species), and three subspecies are known. D. s. sumatrensis is found in Sumatra and formerly in Peninsula Malaysia. D. s. harrissoni was once found across Borneo but is now extremely rare, most likely functionally extinct. At present only two animals are known to remain. D. s. lasiotis was once found across South-East Asia but is now extinct.


The above information on rhino taxonomy and these four living rhino species has been adapted from Dinerstein, E. (2011). Family Rhinocerotidae. Pp. 176-181 in Handbook of the Mammals of the World. Vol. 2. Hoofed mammals (D.E. Wilson and R.A. Mittermeier, Eds.).


Factors shaping Asian and African rhino decline


The trade in rhino horns has been traced back as far as 2600 BC. Across tropical Asia, rhinos have been hunted for thousands of years. Over 1,000 years ago, the trade was well established and during the mid to late 1800s, traditional medical demand for rhino horn escalated across China, resulting in increased hunting pressure on wild populations, effectively reducing all three Asian species from most of their former ranges. Globally, the trade in rhino horn has traditionally focused on two main market areas: the first is carved rhino horn handles for jambiya (traditional daggers) carried by Yemeni men as a sign of social standing. In 1982, the importation of rhino horn was banned in Yemen, which, unusually, has seen a steady reduction in demand due to the use of culturally acceptable substitutes, meaning Yemen is no longer a major consumer country for illegal rhino horn trade. However, a small but persistent demand remains for rhino horn ‘jambiyas’ daggers among northern tribesmen and more affluent young Yemeni men; the second and largest rhino horn market globally is in Southeast Asia. Traditionally, in Chinese medicine, rhino horn is ground into powder and consumed orally. Users argue its use as having curative properties with abilities ranging from fever reduction, hangover relief, rheumatism, gout and stroke. In modern times, a growing misconception that rhino horn can cure cancer has increased demand in Vietnam. Since 2003, Vietnam has become the world’s leading importer of legal trophies and illegal rhino horns from South Africa. Increasing economic prosperity has allowed Vietnamese people to afford high-value wildlife products and rhino horn’s rarity, builds a powerful status value and prestige within traditional Asian gifting culture. Growing affluence during the 1970’s across many parts of Asia and the Middle East, increased the demand for rhino horn. Rising rhino horn prices encouraged a surge in rhino hunting, and consequently- during the period 1970–1987, an estimated 85% of the world’s remaining rhino population was lost.


The CITES (Convention on Trade in Endangered Species of Fauna and Flora) ban on the trade of rhino horn has been in place since 1977, where demand can only be met through the illegal market, which is supported and driven by the poaching of rhinos for their horns. An estimated 50+% of illegal and black-market trade in rhino products occurs in Vietnam, along with a suite of other endangered species parts and products ranging from tigers, to bears and the eight species of pangolin (e.g.; Manis, Phataginus, Smutsie) (family Manidae), are relentlessly pursued, and are the world’s most trafficked mammal to name a few. Despite the ongoing trade ban, poaching continues to rise. High poaching levels are driven by the significant growth in the retail price of horn, from an estimated USD $4,700 per kg in 1993 to a high of around USD $65,000 per kg in 2012. Based on today’s Asian black-market, rhino horn is selling for an estimated USD $60,000 per kg. With Asian species, due to smaller horn size and rarity, the price can be significantly higher. Both white and black rhino have two horns. White rhinos have between 3–6 kg of rhino horn; black rhino between 1.5–3 kg. Ongoing illegal demand for rhino horn has driven increased pressure from conservation agencies, especially in South Africa, which has seen an upward trend in poaching, for consideration of a well-managed, regulated legal trade based on using appropriate renewable harvesting methods of horn from live white rhinos. In contrast to Yemen, driven by rising wealth and increasing affluence in Asia, particularly China and Vietnam, demand for rhino horn has spiked. Supporting this rhino horn demand, poachers, often in mobile, highly organised, well-armed and resourced gangs, have targeted rhinos across Africa. For example, between 2006 and 2017, at least 8,355 black and white rhinos were poached in Africa, with the majority in South Africa. This continuing illegal trade has driven different applications of rhino conservation and protective approaches, which authorities and partner organisations must resource, implement, and enforce.


The exponential growth of human populations across Africa and Asia poses an ongoing threat to rhino and other wildlife populations. Outbreaks of civil war have caused social, political and ecological impacts in many ecologically diverse countries, with consequent effects on wildlife and habitat. Historic rhino population estimates are at best educated speculations. For example, in Africa, accurate rhino population recording didn’t commence until 1980. It is quite feasible that both Asian and African rhino taxa could have once numbered in the hundreds of thousands, possibly millions. In 1970, an estimated 65,000 black rhino remained across Africa. During the period 1970 to 1992, excessive and intensive poaching saw black rhino numbers drop to 2,300 animals. Today, Africa’s black and white rhinos continue to be protected mainly by four range States, South Africa, Namibia, Kenya and Zimbabwe, with 2024 totals of white rhino (17,464+) and black rhino (6,421+). Current estimates for the Asian species are Sumatran (difficult to determine, estimates range between (34–47?), Javan (50–60?), and greater one-horned (4,014+) (International Rhino Foundation State of the Rhino Report 2024).


Rhino reproduction and recruitment challenges


Compared to the recovery of other rhino species, the trajectory for both Sumatran and Javan rhino has been their persistent low populations which, by the 1930s, was in rapid decline across all range countries and spiralling towards extinction. Significant numbers of remaining female Sumatran rhino suffer from compromised reproductive pathology, most likely exacerbated by reproductive isolation from lack of access to potential mates and pregnancy. Nearly half of female Sumatran rhinos captured between 1984 and 1995 suffered the condition. The phenomenon is associated and afflicts many mammalian families, where either a lack of breeding or ability to complete pregnancies to full term causes the condition, which is amplified and particularly detrimental to rhinos.
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