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			In our second issue for 2022, we range widely and deeply across several topics, periods and continents. The first part contains six articles; the second is a special issue, edited by Shoko Mizuno, which comes with its own introduction. Several of these articles entered the editorial process under Brett Bennett while I was on parental leave. 

			The first article in the journal is a think piece by Robert Luke Naylor. His ‘Chernobyl, Dark Waters and the contingency of environmental disaster and scientific knowledge’ adds to a growing body of literature on teaching in environmental history. In his article, Naylor demonstrates how teachers can use a television series (Chernobyl, 2019) and film (Dark Waters, 2019) to engage students to explore critical issues around environmental history and history of science. As he notes:

			[a]nalysing film and television allows science students to begin to critically analyse without needing to immediately tackle intimidating humanities papers—it forms an easy entry point to thinking critically about the science/society interaction in seminars and lectures.

			From contemporary society, we move to the Neolithic and Bronze ages. Daniel Headrick’s ‘The plague and the population of Europe in the Neolithic and Bronze Ages’ presents a masterful synthesis of the latest scientific research, including ancient DNA sequencing, on the impact of a series of plagues during the fourth and third millennia BCE. These pandemics, he shows, have had a cascade of ecological, migratory, gender and economic effects in Europe, which environmental and other historians have only just started to consider. For example, Headrick points to the importance of equine culture in Europe as having its origins in the movement of nomadic herders from the steppes of southern Russia into Europe, resulting in part from the devastation to Anatolian farmers caused by a series of plagues.

			In ‘“A once capacious haven”: What happened to Calicut (Malabar coast of India), 1335–1887’, Patrick Nunn examines the role of environmental hazards in human history and the necessity of critically examining assumptions about place and environmental change in the construction of narratives. His article is a very important one and is worth a wide readership, in light of a raft of popular and academic histories that examine the decline of empires, environments and peoples in different places and times in world history. As Nunn writes:

			It is often challenging to piece together the reasons for such decline in the distant past, not least because evidence is sparse and open to a range of interpretations, but also because many memories of the decline (and sometimes the events preceding it) are culturally filtered, sometimes even encoded in myth. For such reasons, the causes of past decline have sometimes been wrongly attributed; sometimes they reflect the (unconscious) biases of those trying to interpret causation. All this contributes to an incomplete and sometimes misleading understanding of human histories that in turn misinforms the ways in which the past is explained, an issue that can have wide ramifications for such topics as cultural evolution and hazard exposure.

			What follows is a masterly examination of just such biases and the problems they create. Nunn demonstrates that all historical explanations for the decline of the western Indian trading port of Calicut from the fourteenth century to the eighteenth failed to realise that the city actually moved. Nunn’s possible explanation for decline, one grounded in understandings of coastal environmental changes, points to the incompleteness of historical accounts and the necessity of carefully interrogating sources and assumptions when constructing environmental histories.

			Rachel Goldlust stays with the theme of built heritage. In ‘Building with hand and heart: The rebirth of do-it-yourself earth houses as environmental sentiment in post-war Australia’, she situates the activities of the draughtsman and builder Alistair Knox within broader movements of vernacular architecture. As Goldlust shows, Knox developed mud-brick houses—‘muddies’—that ‘reimagined a refuge in nature through homes that made their inhabitants aware of the natural world, the passing of the seasons, the power of sunlight, and the way shelter can enhance living rather than just facilitate it’. Her work presents a new angle on urban environmental history and suggests too a need to develop environmental histories of built heritage.

			Carolyn King and Andrew Veale’s article, ‘New light on the introduction of ship-borne commensal rats and mice in Aotearoa New Zealand, 1790s–1830s’, takes a new approach to a popular topic among environmental historians—the role of introduced species. King and Veale bring together DNA analyses with historical sources of shipping records to shed light on the different phases in the introduction of three species of rodents that accompanied humans to pre-colonial Aotearoa: Pacific rats (Rattus exulans), House mice (Mus musculus) and Norway rats (Rattus norvegicus). King and Veale demonstrate that the last two, both of which originated in Asia, demonstrate the importance of shipping connections with China in the 20 years since 1800.

			The final article, by Karri Horton Hartley, James Beattie and Janice M. Lord, keeps with the interdisciplinary theme, by bringing together ecologists and an environmental historian to examine the importance of combining methodologies drawn from ecology and history in understanding past environmental change. ‘Shepherds to the subantarctic: The history and legacy of pasture plant introductions on Campbell Island / Motu Ihupuku, 1895–1931’ presents a case for the use of non-scientific sources to reconstruct vegetation change on these remote islands.

			Finally, I would like to welcome a new board member, Professor Geoff Bil, University of Delaware, who has worked extensively on histories of empire, plants and indigenous knowledge, among other topics.

			Call for papers

			I particularly encourage submissions on topics related to history and energy, the atmosphere and water, especially in relation to Africa, South America and Asia. Please also contact me if you are interested in guest editing a special issue.
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							Abstract

							This article contributes towards scholarship on teaching environmental history by analysing a series (Chernobyl, 2019) and film (Dark Waters, 2019). It argues that the immediacy of such media offer an ideal entry point into environmental history and history of science for students first studying those subjects. As well, it provides a model for how to use media in environment history.
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			There is a nascent but growing literature on teaching environmental history. Emily Wakild and Michelle Berry provide a framework for constructing environmental history courses, advocating a teaching style that focuses on skill acquisition and embraces the rise of online communications through a ‘cyborg pedagogy’ of class polls, Twitter hashtags and collaborative editing.1 Drawing on almost two decades of experience, Andrea Gaynor argues for the importance of environmental history teaching in the current era despite the subject’s lack of recognition, and advocates for a more diverse and decolonised curriculum.2 In a broad international survey of teaching in the environmental humanities, a large collaboration led by Emily O’Gorman argues that a core set of teaching approaches in the environmental humanities would be desirable, with the caveat that teaching in this area should remain ‘an open, experimental, emergent space of possibilities’. Proposals for features of this common approach include a rejection of the concept of a monolithic ‘humanity’, a rejection of an ‘environment’ separate from society, and a critical and situated approach to knowledge formation.3

			Thus far, there is less focus in the literature on media formats of sources used in teaching undergraduate environmental history and their respective strengths and weaknesses. In this short article, I take inspiration from my experience teaching in late 2020 on the course ‘Climate Change & Society’ at the University of Manchester and argue that film and television dramatisations of environmental disasters can play an important role in helping students break down the barriers between environmental disaster, science and society. The course was run through both Manchester’s Centre for the History of Science, Technology and Medicine and University College for Interdisciplinary Learning, which allowed students from almost any discipline to enrol. In practice, there was about an even split between humanities and science students, mostly in their third year of study, and just over 100 students in all. One course leader (Vladimir Janković) and three teaching assistants (including myself) ran the course, with all four members of the teaching staff splitting the marking of coursework and the running of weekly seminar discussion groups. Due to the pandemic, the course took place almost completely online. Although the course handout included a long list of films about climate change, the required readings were all in written form.4

			Helping teach an interdisciplinary undergraduate course on climate change and society presents unique problems, depending on the student in question. On the one hand, based on my own experience, humanities students often lack confidence when using science papers as primary sources—a problem that the course leader tried to remedy by giving students a crash course in atmospheric science in an early lecture. On the other, science students often struggle to see, let alone form an opinion on, how scientific knowledge and environmental disaster are contingent upon the societies from which they arise. For many, scientific knowledge forms an ‘oasis’ outside the murk of economics and politics, a view that is often encouraged by undergraduate science curriculums and popular media.5 Equally, many students see environmental disasters as aberrations in political and economic systems, rather than a product of them. Overcoming these beliefs is usually a fundamental first step towards developing a critical perspective on the science/society interaction, a perspective that is sorely needed in these times of pandemic, climate change and renewed geopolitical conflict. 

			No matter how compelling they may be, immediately throwing philosophy of science papers at a science undergraduate is rarely an effective way of changing hearts and minds. This is especially true at a time when students largely lead a cyborg existence, where students are as (if not more) likely to gain information from social media, video games or Netflix as traditional media.6 In my view, media that have a more human touch, such as television and film, are more likely to cut through preconceptions. Although movie tropes such as the ‘lone genius’ and the ‘evil genius’ help reinforce the oasis view of scientific knowledge and the aberration view of environmental disaster respectively (The Imitation Game and the James Bond franchise immediately spring to mind), a few productions in recent years have challenged the stereotypes. Two in particular, both concerning notable environmental disasters, stand out as instructive, partly because they disagree with each other in so many ways—the perfect breeding ground for critical analysis. 

			The smash hit 2019 television series Chernobyl, made sadly relevant again by the war in Ukraine, follows the tragic events following the 1986 disaster, masterfully building up tension and not letting go of its audience until all five episodes are done. From the very start, the production makes its claim clear that the Soviet system was to blame for the catastrophe. Shots of Lenin statues, Soviet mosaics and party badges illustrate squabbling bureaucrats as they attempt to shift blame to one another rather than grappling with the real problems. As the series progresses, a group of enterprising scientists wade against the system to uncover the ‘truth’: that the disaster was caused by a state-induced performative culture that covered up safety concerns. Although it is important to remember that serious nuclear accidents were and are not restricted to the Soviet style of government, Chernobyl is brilliant at making the general point that environmental disaster cannot be separated from political systems. ‘We did everything right’ says one of the dying control engineers. Indeed, Chernobyl was not caused by chance or the incorrect press of a button, but by a multitude of systemic failures. I wish this message came across from cinema more. There was no evil genius who blew up Chernobyl as would be the case in a Bond film, rather a number of flawed individuals within a flawed system.7

			However, although Chernobyl is relentless in placing the blame of environmental disaster on the societal system from which it emerged, it falls for standard tropes in its portrayal of science. Physical scientists are depicted as members of a secret society somehow immune to the influence of the party, serving as a proxy for the Western audience peering into the shortcomings of the system. ‘Forgive me—maybe I’ve just spent too much time in my lab, or maybe I’m just stupid. Is this really the way it all works? An uninformed, arbitrary decision that will cost who knows how many lives that is made by some apparatchik, some career party man?,’ asks the main character Valery Legasov, a career party man whose real-world status in the Soviet Union most certainly required some good apparatchik-ing. His co-conspirator, a fictional scientist by the name of Ulana Khomyuk, is a Western-relatable good capitalist citizen who comes into work on weekends while everyone else is having fun. Again, she seems blissfully unaware of the system she grew up in, spending most of her time taking on the trope of a Western spy. Perhaps the most unbelievable character is Boris Shcherbina, a seasoned bureaucrat who slowly gets converted to the scientist’s pursuit of truth. ‘It’s beautiful,’ the gruff man says at the sight of a caterpillar, as if seeing it for the first time, as the shackles of the system fall away and he embraces the purity of science. Although Chernobyl does a good job of highlighting the socially embedded nature of the disaster it portrays, it does a terrible job at highlighting that scientists are human beings conscious of how to interact with their societal system. As any science administrator knows (but might not say), science is as integrated into sociopolitical systems as any other human activity. 

			Inspired by a 2016 New York Times article,8 the 2019 film Dark Waters goes some way to tackling Chernobyl’s artificial divide between science and society, thoroughly polluting the scientific oasis. Dark Waters follows the story of corporate defence lawyer Robert Bilott, who attempts to hold his former masters to account for creeping environmental disasters they knowingly caused in the name of profit. Some reviewers have denoted Dark Waters as America’s Chernobyl,9 but I think this does Dark Waters a disservice. It presents a much more nuanced and evocative portrayal of how a societal system not only causes environmental disaster but also bends scientific knowledge to its will. From the start, we see how scientific knowledge, institutions and practice are used by the DuPont corporation to avoid responsibility. DuPont-influenced Environmental Protection Agency reports are used to deflect blame from the company onto its victims, unexplained acronyms are used to hide the identity of dangerous substances from the scientifically uninitiated, and legitimate members of the scientific community work with DuPont to change the rules in order to sidestep a lawsuit. Meanwhile, decades-old DuPont-sponsored studies into the dangers of the chemicals it produces are buried. Control of scientific knowledge is used as a shield by those in positions of power: ‘[E]very scientist who knows anything about any of this already works for those chemical companies. That’s no accident,’ explains Bilott during a particularly tense exchange.

			The closing credits of Chernobyl pontificate that although the individuals responsible for the disaster got off lightly, the literal and metaphorical fallout contributed to the fall of the Soviet system itself. In contrast, for any Western audience of Dark Waters, it is not some alien authoritarian system from history that caused the deaths and suffering of innocent people, but our own, very present, system of societal organisation and motivation. The individual perpetrators of the disasters portrayed in Dark Waters faced no consequences at all and DuPont remains a titan of American industry. Dark Waters oozes with injustice, highlighting the asymmetry in a legal system where restitution is usually monetary, as well as the bravery of those who decide to make a stand: ‘Don’t want no money. The whole damn world need to see what they done!’ exclaims Wilbur Tennant, a farmer made destitute by the actions of DuPont, angry that no one would face imprisonment for the crimes committed against him. Dark Waters is a film about oppression and, in this case, science is a tool of the oppressor.

			I believe that it is important to engage students with such stark critiques. In my view, productions such as Dark Waters and Chernobyl should form part of the curriculum for undergraduate courses in environmental history, especially when teaching students from across a range of disciplines. Analysing film and television allows science students to begin to critically analyse without needing to immediately tackle intimidating humanities papers—it forms an easy entry point to thinking critically about the science/society interaction in seminars and lectures. Productions such as these also induce a visceral, emotional reaction in viewers, perhaps helping students of science overcome the institutionally imposed mental hurdles that often stop them from stating their own opinions and disagreeing with authority in academia.10 Both productions have been criticised for inaccuracies (Dark Waters by DuPont itself no less),11 but for teaching purposes this does not detract from their value, only adding more avenues of analysis and discussion. They present compelling stories that help integrate environmental disaster and scientific practice into our societal systems, an integration that is essential if we are to see any meaningful societal changes to meet the challenges of today.
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							Abstract

							This article brings to the attention of historians the recent discoveries by palaeogeneticists of a pandemic of plague in Europe during the fourth and third millennia BCE that contributed to the decline of the once-thriving Neolithic farming population of Anatolian origin and opened the way to the migration of nomadic herders equipped with bronze weapons who came from the steppes of southern Russia. As the geneticists’ sequencing of ancient DNA has revealed, the ancestry of central, northern and western Europeans changed from predominantly Anatolian to largely (or, in some areas, predominantly) the steppe nomads. Besides the change in ancestry, the genetic sequencing of Bronze Age European populations also provides evidence that the arrival of the Yamnaya changed their social structures and gender relations and contributed to the spread of the Indo-European languages.
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			Introduction

			The purpose of this article is to bring to the attention of historians a pandemic of the plague in Europe during the Neolithic and Bronze Ages that has recently come to light, thanks to the work of palaeogeneticists. Their sequencing of ancient DNA has shown that this pandemic and the migrations of nomadic herders from the steppe during the late Neolithic and early Bronze Ages had a major impact on the ancestry of the European population and on their social structure and gender relations, and possibly also on the languages they spoke.

			This article is based on recent discoveries reported in scientific journals such as Nature, Science, Proceedings of the National Academy of Science and Scientific American, and also in more specialised journals such as Genetics, Cell, Clinical Infectious Diseases and Current Biology, as well as with two recent books by the eminent palaeogeneticists 

			David Reich of the Harvard Medical School and Johannes Krause of the Max Planck Institute for Evolutionary Anthropology in Leipzig, Germany.

			Neolithic Europe

			Until about 7000 BCE, Europe was inhabited by hunter-gatherers whose ancestors had migrated from Africa some forty to fifty thousand years ago. Although their stone tools and cave art are well known, we know nothing of their language. Then, between about 7000 and 5000 BCE, farmers coming from Anatolia began migrating to Europe, bringing with them their seeds, their animals, their tools and their skills. One stream moved up the valley of the Danube into what are now Romania, Hungary, Austria and Germany, while another migrated along the Mediterranean coast to Greece and Italy. The two streams merged, and by 5200 BCE their descendants had moved into Spain, France and the rest of Europe. In the process, they increasingly came into contact with hunter-gatherers. At first, there was little interbreeding. Then, starting around 4000 BCE, there was more. As their numbers grew, they assimilated or replaced the hunter-gatherers they encountered. As a result, more of the DNA of Europeans living today comes from Anatolian farmers than from the hunter-gatherers who preceded them.1

			Thanks to their ability to grow crops and raise animals, the Neolithic farmers produced more food than foragers could kill or gather on the same amount of land, which allowed their numbers to grow. As the population geneticist Luigi Luca Cavalli-Sforza of Stanford University explained in this book Genes, Peoples, and Languages, given favourable circumstances, such as newly discovered land, human populations grow rapidly.2 In a study of the Neolithic population of Germany, Poland and Denmark published in 2007, the archaeologists Stephen Shennan of University College London and Kevan Edinborough of the University of Melbourne found that the introduction of farming resulted in a rise in the population of what is today Germany starting c. 5500 BCE, followed by that of Poland and, after c. 4000 BCE, that of Denmark.3

			The Neolithic decline

			As Shennan and Edinborough note, however, there was a population crash ‘of enormous magnitude’ after c. 5000 BCE.4 More specifically:

			After 5000 cal BC the German data suggest a remarkable decline in population … lasting, with one or two fluctuations, until after 3500 cal BC. Poland shows a very similar picture although the decline is not as striking. In Denmark there is no such marked crash although there is a decline to just over half the maximum 3500 cal BC value at c. 3000 BC.5 

			The anthropologist Sean Downey of Ohio State University also noted that this initial population boom was soon followed by demographic instability and a dramatic collapse.6

			What could have caused such a decline in population? Scholars have advanced several hypotheses. One is a change in the climate. The archaeologist and anthropologist David Anthony of Hartwick College noted that the climate got colder after c. 4200 BCE, forcing the farmers of the lower Danube Valley to shift from wheat to rye, a more frost-resistant crop, and even to abandon their villages.7 Likewise, the archaeologist Sue Colledge at University College London and her colleagues noted a reduction in yields due to worsening climate conditions.8

			Another explanation is an outbreak of violence, as evidenced by the number of mass graves and abandoned villages, and the burning of houses during this period, such as the sites of Kapellenberg and Schöneck-Kilianstädten in Germany.9 The violence hypothesis is intriguing, but it is hard to believe that it could have kept the population at a low level for so many hundreds of years.

			Yet another cause of the population decline was the general deterioration in health that accompanied the transition from hunting and gathering to agriculture and animal husbandry.10 According to the political anthropologist James C. Scott of Yale University, epidemiologically, this was perhaps the most lethal period in human history.11 In Neolithic settlements, people lived crowded together alongside their domesticated animals and their waste, in circumstances far more unsanitary than the lifestyles of migrating hunter-gatherers. The microbiologist Nicolás Rascovan of the Institut Pasteur in Paris and his colleagues note: 

			The emergence of infectious diseases is a possible third contributing factor to the decline. The close contact between humans and animals and the accumulation of food, likely led to poorer sanitary conditions and an increased risk of pathogen emergence and transmission in human settlements in the Neolithic and afterward.12

			These circumstances may have made Neolithic farmers more susceptible to communicable diseases, such as the plague.

			Sequencing ancient DNA

			What we now know of the plague in the Late Neolithic and Early Bronze Ages and its impact on the genetic composition of the inhabitants of Europe comes from the recent revolution in palaeogenetics.

			Since the 1950s, geneticists have been identifying the functions of the genes within the DNA of living beings. A person’s DNA contains not only the information essential to his or her growth and life, but also a record of that person’s ancestry and how long ago any two individuals had a common ancestor. By 2015, computerised robots could sequence DNA at 100,000,000th of the cost of the first experiment. Once it became possible to sequence the DNA of living individuals, the next step was to do the same to long-dead people, based on traces of DNA found in their remains. In 2010 Svante Pääbo of the Max Planck Institute for Evolutionary Anthropology in Leipzig and his team announced that they had successfully sequenced the genome of a 50,000-year-old Neanderthal.13 In his book Who We Are and How We Got Here (2018), Reich describes the methods scientists use and the obsessive precautions they take to avoid contamination. These methods, now being practised in laboratories around the world, have opened up entirely new vistas on the human past.14

			The causes of the Neolithic decline became much clearer from 2015 on, thanks to a series of articles published by teams of geneticists applying the latest techniques of extracting and sequencing the DNA of people who died thousands of years ago. What they found was the first appearance of the plague among humans and its impact on the populations of Central Asia and Europe.

			The plague

			The discoveries of palaeogenetics are so recent that every new finding raises more questions and new challenges. It is in the nature of a cutting-edge science that much of what we learn from the work of scientists lies somewhere between first hypotheses and established facts. Thus the timing of prehistoric events such as migrations or the spread of diseases is a lot less certain than in later periods. It is from an accumulation of findings that gradually our understanding of ancient events such as the plague becomes clearer.

			The plague is caused by the bacteria Yersinia pestis. According to the geneticist Simon Rasmussen of the University of Copenhagen and his colleagues, these bacteria evolved from their predecessors Yersinia pseudotuberculosis 5,783 years ago;15 the geneticists Mark Achtman of the University of Warwick and Daniel Zimbler, then of Northwestern University, and their colleagues date the split at 6,500 or more years ago.16 The plague originated as an enzootic disease among marmots, gerbils and other sylvatic rodents in Central Asia and Tibet or in the Tien Shan mountains of Kyrgyzstan.17 The earliest evidence of Y. pestis infection found among humans in Europe is that of a hunter-fisher-gatherer who lived in what is now Latvia between 3400 and 3100 BCE.18 Unambiguous presence of Y. pestis was found in Sweden in two individuals who died c. 2850 BCE, then others in Estonia dated to 2462 BCE and in Poland in 2029 BCE.19 The plague may have spread to other parts of Europe sometime after 3000 BCE and returned several times to southern Russia and Siberia.20

			The plague these individuals died of was not the bubonic plague famous for causing the Black Death of the Middle Ages, as well as Justinian’s Plague in the sixth century CE and the most recent plague epidemic in the late nineteenth and early twentieth centuries. The earlier strains of Y. pestis lacked a gene called Yersinia murine toxin (or Ymt) that coded for a protective enzyme that enabled the bacteria to block the digestive tract of fleas, causing the starving fleas to jump to rats and to humans in a desperate search for food. This gene did not appear until after 951 BCE.21 Instead, the plague that appeared in Eurasia in the late Neolithic and early Bronze Ages was the pneumonic plague, a disease of the lungs that is spread directly from human to human by coughing or sneezing, like the flu or Covid-19. There is some debate regarding the transmission and virulence of pneumonic plague. If untreated, this form of plague is invariably fatal.22 According to the epidemiologists Jacob Kool formerly of the US Centers for Disease Control and Prevention and Robert Weinstein of Rush University, pneumonic plague ‘is not as contagious as it is commonly believed to be. Persons with plague usually only transmit the infection when the disease is in the end stage, when infected persons cough copious amounts of bloody sputum, and only by means of close contact’.23 However, the incubation period is three to seven days, during which an infected person may spread the disease before he or she falls ill.24

			The spread of plague coincided with the Neolithic population decline noted earlier.25 Rascovan and his colleagues explain:

			Our analyses revealed that during the decline of Neolithic populations in Europe, between 5,000–5,000 BP [before the present, before 1950], multiple lineages of Y. pestis branched out and expanded throughout Eurasia. The analysis of the archaeological context and the human genomes revealed that the emergence and spread was not due to massive migrations, but more likely facilitated by the lifestyles, population growth, and the expanding trade networks.26

			Furthermore, they add: ‘Large-scale branching and geographic radiation of Y. pestis occurred between 6,000 and 5,000 years ago during the period known as the Neolithic decline, and shortly before the massive migrations from the Eurasian Steppe into Europe.’27

			An important consequence of the plague that accompanied and contributed to the dramatic decline in the Neolithic population was to open Europe west of the steppe to an invasion by pastoral nomads from the east. It is this migration that brought about the major changes in the ancestry, the social class structure and the gender relations of Europeans that palaeogeneticists have revealed. We know these migrants as the Yamnaya.

			The Yamnaya and their horses

			While farmers from Anatolia were migrating into Europe, another important transformation was taking place on the Pontic–Caspian steppe in southern Russia north of the Black and Caspian seas. As Anthony recounts in his book The Horse, the Wheel, and Language, the steppe was a grassland too dry to farm. Yet the region attracted a people known as Yamnaya whose ancestors had come from Armenia and Iran and from eastern Europe. After c. 5000 BCE, they settled in the river valleys, where they grew millet and barley. In addition to their herds of sheep, they also began herding cattle, an activity that had originated among the farmers and herders of the Danube Valley.28

			The first people to domesticate horses were the Botai, hunter-gatherers who lived in what is now northern Kazakhstan. Beginning in the mid-fourth millennium BCE, they raised horses as a source not only of meat and leather, but also of milk, traces of which scientists have found in ceramic jugs and in dental calculus (or tartar). Once they had acquired lactase persistence—the ability to digest milk after weaning—this gave herders an additional source of protein besides meat.29 Horses were important to the survival of other herd animals in the winter, for they could use their hooves to uncover grass below a snow cover for themselves and for cattle and sheep, which would otherwise starve in a snowstorm.30

			By the late fourth and early third millennia BCE, raising horses had spread to the Yamnaya herders on the Pontic–Caspian steppe.31 Simultaneously with horse domestication, they learned to smelt copper and arsenic together to make bronze––the beginning of the Bronze Age. As the climate became drier after c. 3500 BCE, the herders had to move their herds more often. By using ox-drawn carts and wagons to transport food, water, supplies and portable shelters, the Yamnaya were able to leave the river valleys and move onto the dry steppe. They abandoned their settlements and crops and became full-time pastoral nomads, moving their herds to better pastures according to the seasons and rainfall.32

			Exactly when the Yamnaya learned to ride horses is still controversial. In his book The Horse, the Wheel, and Language, published in 2007, Anthony argued that herders learned to ride horses after 3500 BCE.33 More recently, palaeogeneticists have moved the origin of horseback riding to c. 2200–2000 BCE.34 By then, the Yamnaya had already begun to migrate into the Danube Valley and from there into central and northern Europe.35 On horseback, nomadic herders could manage much larger herds, and also engage in raiding.36 Besides the climate change that pushed them to migrate westward, the Yamnaya were attracted by the lands that became vacant as the Neolithic population plummeted. Krause writes: ‘It seems plausible, then, that the migrants from the steppes arrived in a largely depopulated landscape.’37 Others have suggested that they may also have been driven to migrate by outbreaks of plague on the steppe.38

			The horses that the Botai had domesticated and that nomadic herders on the Pontic–Caspian steppe adopted were not the Equus caballus that we are familiar with, but another sub-species, Equus przewalskii. The very few Przewalski’s horses that survive today in small numbers in nature preserves in Mongolia are not really wild horses but are instead feral—that is, descended from the domesticated horses of the Botai.39 Sometime around 2200–2000 BCE, the Przewalski horses were replaced with Equus caballus. The question is why?

			Krause has proposed an intriguing hypothesis that may explain both the spread of the plague and the replacement of one breed of horses with another.40 While a hypothesis is not a proven fact, it is a first step, an invitation to further research. As he points out, other animals besides rodents and humans, such as cattle, sheep and horses, are susceptible to the plague. When Dr Alexandre Yersin, the microbiologist who discovered the plague bacterium Yersinia pestis that is named after him, infected several domesticated animals with the plague, only a horse of the Equus caballus breed survived. Przewalski horses may have been more susceptible carriers of the plague, to which modern horses are more resistant.

			When the Yamnaya migrated into central and northern Europe, they—and possibly their horses—carried Y. pestis with them; as Krause points out, ‘in those days, every single man from the steppe was a rider. With only one exception, all of the Stone Age plague pathogens have been discovered in men with steppe DNA’.41 This raises the question: How did they not succumb to this disease? Reich asks: 

			How was it that the low-population-density shepherds from the steppe were able to displace the densely settled farmers of central and western Europe? … Is it possible that the steppe people had picked up the plague and built up an immunity to it, and then transmitted it to the immunologically susceptible central European farmers, causing their numbers to collapse and thereby clearing the way for the Corded Ware culture expansion?42 

			And according to the archaeologist Kristian Kristiansen of the University of Gothenburg, as related by science writer James Close in Scientific American in 2020: ‘The Yamnaya likely had some immunity to the bacterium if they had already been exposed to it for hundreds of years. That resistance would have given them an advantage over the plague-ravaged European farmers.’43

			And as Krause explains:

			We know that plague bacteria existed in the south of what is now Russia at least 5,000 years ago, a region that later saw a mass exodus to Central Europe, where around the same time there was a sharp decline in the size of the local population. Could it be that a recently introduced pathogen killed these people, and that they were replaced by a group who was already adapted to it? There is plenty of evidence to suggest this was the case.44

			This scenario brings up the thorny question of differential susceptibility. We know that certain populations are genetically susceptible to particular diseases; the classic cases are the susceptibility of people of African ancestry to sickle cell anaemia and of Ashkenazi Jews and French Canadians to Tay-Sachs disease. Differential susceptibility, sometimes called the ‘virgin soil’ hypothesis, has been used to explain the extraordinary mortality among Native Americans in the sixteenth and seventeenth centuries from diseases (e.g. measles, chicken pox, smallpox) that did not afflict Europeans coming from the Old World nearly as much.45 At the time of writing, the different susceptibilities to the pneumonic plague of Neolithic farmers and of Yamnaya herders (and that of their two breeds of horses) are still being investigated.46

			The genetic transformation of Europe

			By helping spread the plague, the Yamnaya (and possibly also their horses) transformed the genetic composition of the peoples of large parts of Europe and, as a corollary, changed their social structures and their gender relations. By sequencing the DNA of Europeans buried at the time of the Yamnaya migration and soon thereafter, geneticists have found evidence of a significant change in their ancestry compared to the ancestry of Neolithic farmers before the migration. According to Wolfgang Haak, a geneticist at the Max Planck Institute for the Science of Human History in Jena, Germany, and his colleagues, the study of the genomes of ancient skeletons in Germany shows that three-quarters of their ancestry comes from the Yamnaya. Other parts of Europe also show significant steppe ancestry: 39 – 50 per cent in central and northern Europe, 43 – 47 per cent eastern Europe and 90 per cent in the British Isles. Only in southern Europe was it much lower, ranging from 18.5 to 32.6 per cent.47 Haak explains: ‘The steppe ancestry persisted in all sampled Europeans until at least ~3,000 years ago, and is ubiquitous in present-day Europeans.’48

			The dramatic replacement of ancestry in much of Europe changed the culture. When archaeologists talk about the culture of prehistoric peoples, they mainly refer to their tombs and the artefacts they made that have survived, such as stone and metal objects; hence the expressions Neolithic and Bronze Ages. Also of great value in understanding and dating cultures is the pottery they left behind. Central and eastern European cultures of the Late Neolithic and Early Bronze Age periods correspond to a type of pottery called Corded Ware. Burials show a significant correlation between the Yamnaya and Corded Ware pottery.49 As Reich writes: ‘The association between steppe genetic ancestry and people assigned to the Corded Ware archaeological culture through graves and artifacts is not simply a hypothesis. It is now a proven fact.’50

			Gender relations and social structure

			Not only was the ancestry of European peoples transformed by the influx of people from the Pontic–Caspian steppe, so were their social structures and relations between the genders. In her many works on the history of Europe during the Neolithic and Bronze Ages, the Lithuanian-American anthropologist Marija Gimbutas of UCLA argued that before the arrival of the Yamnaya, European society was matriarchal. Though Anthony later confirmed her description of Yamnaya society in his book The Horse, the Wheel, and Language, this interpretation has been widely criticised.51 By sequencing the mitochondrial DNA, a tiny portion of the genome that is transmitted only from mothers to daughters, and the Y chromosome, which is transmitted only from fathers to sons, Amy Goldberg, an evolutionary anthropologist at Duke University, found that the Neolithic farmers who migrated from Anatolia did so as families, with men and women in roughly equal numbers. 

			In contrast, the remains of men, horses, grave vessels and weapons that archaeologists have found in Yamnaya kurgans, or earthen burial mounds, provide ample evidence of a male-centred society dominated by a warrior elite. Among the migrating steppe peoples, with their ‘overrepresentation of male burials, male deities, and kinship terms’, there were approximately five to 14 males for every female.52 

			In their genomic history of the Iberian Peninsula during the last 8,000 years, Iñigo Olalde, a member of Reich’s genetics laboratory at Harvard University, and his colleagues found that by c. 2000 BCE while about 40 per cent of the genomes of the Iberian peoples came from their steppe ancestry, nearly 100 per cent of their Y chromosomes came from steppe ancestry.53 According to Krause:

			Eighty to 90 per cent of the Bronze Age Y chromosomes were new to Europe but had been present on the steppes. Both these factors suggest that men from the steppes came to central Europe and had numerous children with local women. Up to 80 per cent of the Yamnaya migrants were male.54

			From the data revealed by sequencing ancient DNA, Reich draws a far-ranging conclusion: ‘The preponderance of male ancestry coming from the steppe implies that male descendants of the Yamnaya with political and social power were more successful at competing for local mates than men from the local groups.’ And furthermore:

			in this period, it began to be possible for single males to accumulate so much power that they could not only gain access to large number of females, but they could also pass on their social prestige to subsequent generations and ensure that their male descendants were similarly successful.55 

			In other words, the Yamnaya imposed not only their genes upon the Neolithic farming peoples they encountered, they also imposed their stratified social structure and their male-dominated gender relations.

			The origin of the Indo-European languages

			Unlike ancestry, which leaves traces in the DNA of people both living and dead, and class structures, which are evident in tombs, monuments and artefacts, language before writing is evanescent and very difficult to reconstruct, and hence subject to disagreements among historical linguists. While palaeogenetics cannot put an end to these disagreements, it can contribute new evidence and insights.

			Historical linguistics traditionally began with a lecture by the British magistrate Sir William Jones to the Asiatic Society of Bengal in 1786:

			The Sanscrit [sic] language, whatever be its antiquity, is of a wonderful structure; more perfect than the Greek, more copious than the Latin, and more exquisitely refined than either, yet bearing to both of them a stronger affinity, both in the roots of verbs and the forms of grammar, than could possibly have been produced by accident; so strong indeed, that no philologer could examine them all three, without believing them to have sprung from some common source, which, perhaps, no longer exists.56

			Although Jones did not use the term, the languages he referred to are now called Indo-European. His ‘common source’, now known as Proto-Indo-European or PIE, attracted so much attention, both scholarly and fantastical, that in 1866 the Linguistic Society of Paris banned all debate on the subject. Yet the attention never abated.

			Before the genetic revolution, two competing hypotheses dominated the question. In Archaeology and Language: The Puzzle of Indo-European Origins, published in 1988, the British archaeologist Sir Colin Renfrew argued that PIE was brought to Europe by Neolithic farmers from Anatolia.57 In response, Gimbutas attributed the introduction of PIE to Europe to the Yamnaya. Her theory was taken up by Anthony in his book The Horse, the Wheel, and Language.58 As he and the linguist Donald Ringe wrote in 2015:

			Archeological evidence and linguistic evidence converge in support of an origin of Indo-European languages on the Pontic–Caspian steppes around 4000 years BCE. The evidence is so strong that arguments in support of other hypotheses should be reexamined.59

			Recently, linguists have applied statistical techniques and massive computing power to the comparative analysis of hundreds of words in all known Indo-European languages, and have come up with startling results. In 2003, the biologist and historical linguist Russell D. Gray and the linguist Quentin Atkinson at the University of Auckland wrote: 

			We analyze linguistic data using computational methods derived from evolutionary biology … In striking agreement with the Anatolian hypothesis, our analysis of a matrix of 87 languages with 2,449 lexical items produced an estimated range for the initial Indo-European divergence between 7,000 and 9,800 BP.60 

			In an article published in the journal Science in 2012, the linguist Remco Bouckaert, also at the University of Auckland, and his colleagues argued: ‘We used Bayesian phylogenetic approaches, together with basic vocabulary data from 103 ancient and contemporary Indo-European languages … We found decisive support for an Anatolian origin over a steppe origin.’61

			Most recently, in an article published in the journal Language, the historical linguist Will Chang and his colleagues at the University of California, Berkeley, came to the opposite conclusion: 

			Here we present a phylogenetic analysis in which ancestry constraints permit more accurate inference of rates of change, based on observed changes between ancient and medieval languages and their modern descendants, and we show that the result strongly supports the steppe hypothesis.62

			The revolution in sequencing ancient DNA that began in 2015 has contributed to, but not resolved, the issue. Morten Allentoft, an evolutionary geneticist at the Natural History Museum of Denmark in Copenhagen, and his colleagues wrote: ‘We show that the Bronze Age was a highly dynamic period involving large-scale population migrations and replacements … Our findings are consistent with the hypothesized spread of Indo-European languages during the Early Bronze Age.’63 Haak and his colleagues entitled their article in Nature in 2015 ‘Massive migration from the steppe was a source for Indo-European languages in Europe’ and their analyses ‘provide support for a steppe origin of at least some of the Indo-European languages of Europe’.64 And Reich, having analysed the genetic discoveries, concluded: 

			The ubiquity of Indo-European languages in Europe over the last few thousand years, and the fact that the Yamnaya-related migration was more recent than the farming one, makes it likely that at least some Indo-European languages in Europe and perhaps all of them, were spread by the Yamnaya.65

			That the statisticians and geneticists who joined the debate have not settled the issue is clear from the qualifiers––‘ strongly support’, ‘at least some’, ‘perhaps all of them’––that surround their conclusions. The reason for these cautious statements is clear: unlike ancestry, diseases and gender relations that leave traces in the DNA of ancient peoples, the languages spoken before the invention of writing are unrelated to their DNA; after all, any person, regardless of ancestry, can speak any language. An example thereof is the case of the Basques, who live in northern Spain and south-western France and speak a language that bears no resemblance to any other language. As Olalde and his colleagues write: 

			Unlike in Central or Northern Europe, where Steppe ancestry likely marked the introduction of Indo-European languages, our results indicate that, in Iberia, increases in Steppe ancestry were not always accompanied by switches to Indo-European languages. This is consistent with the genetic profile of present-day Basques who speak the only non-Indo-European language in western Europe but overlap genetically with Iron Age populations showing substantial levels of Steppe ancestry.66

			Conclusion

			The revolution in sequencing ancient DNA, while still in its infancy, has introduced an entirely new perspective on ancient history, revealing aspects of the past that were barely glimpsed or completely unknown before.

			Besides the traces they have left in the DNA of Europeans today, the migration of peoples from the Pontic–Caspian steppe has left its imprint on the peoples, societies and cultures of Europe since the Bronze Age. The importance of horses in warfare and the association of horses with a warrior elite, which figure so prominently in European history since the Middle Ages, is a reflection of the greater impact of steppe culture on northern and western Europe than on the southern European cultures of the Greeks and Roman. Gender relations that were if not matriarchal then somewhat more egalitarian before the steppe migrations, became sharply male-dominated thereafter. The differences in size––the Yamnaya being, on average, a head taller than the Neolithic farmers67––is reflected in the gradient of heights among Europeans in later centuries. Likewise, the greater use of dairy products in northern and western Europe than in Mediterranean cuisines may have originated in the steppe migration. These differences, which must have originally been dramatic, have, after several millennia, become gradients affected by many other factors. Yet they persist, contributing to the remarkable heterogeneity of European peoples and cultures. 

			It is thanks to the work of palaeogeneticists that we are beginning to discover their roots. Even if the story is incomplete, it is important to tell it now in order to alert historians to the discoveries that scientists are making that will, in the future, give us an ever more fine-grained knowledge of the past.
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							Abstract

							From the fourteenth to the nineteenth century the port of Calicut on the Malabar (Kerala) coast of western India was well known to ocean-going traders and others. Two contrasting sets of descriptions of Calicut exist and it has been universally assumed they refer to the same place and characterise its rise and fall. 

							It seems clear that there have been two Calicuts, one (named here ‘Calicut at Beypore’) being the original city and port, the other (named here ‘Calicut at Kozhikode’) being that described in the later part of the period. Two events of note are deduced from analysis of fourteenth- to nineteenth-century accounts of Calicut. First is that Vasco da Gama visited the ‘wrong’ Calicut, requiring the Zamorin (King) of Calicut to hasten there from the ‘real’ Calicut to receive the Portuguese delegation. Although this mistake was corrected a few years later, ‘Calicut at Kozhikode’ became a growing focus for foreign trade thereafter, something aided by an unknown catastrophe that destroyed the functionality of ‘Calicut at Beypore’, leading it to be abandoned by the Zamorin for the other Calicut. The absence of any port here and the comparatively poor condition of its site, compounded by largely Portuguese attacks, saw the rapid decline of this ‘Calicut at Kozhikode’.

							The catastrophe that destroyed ‘Calicut at Beypore’ is deduced to have occurred in the second half of the sixteenth century and most likely involved an earthquake that led to abrupt subsidence and tsunami waves that washed across the site. Evidence of similar events from elsewhere along the Malabar coast support this explanation and underscore the role of catastrophe in human affairs, as well as the need to critically appraise assumptions made about place in historical accounts.
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			Introduction

			Great empires, cities and ports rise and fall. It is common for historians and archaeologists to explain this in human terms, often citing sociopolitical processes, but increasingly it is becoming apparent that in many such cases changes in the natural environment are more plausible as ultimate (rather than proximate) causes of decline. These changes may be gradual, like the succession of droughts that have been invoked as a cause of Harappan and Mayan cultural collapse,1 or the changes in flood regime implicated in societal collapse in the Nile Delta and elsewhere.2 Alternatively, profound cultural transformation may be triggered by a single catastrophic event, like the Santorini eruption c. 1610 BC that ultimately led to the collapse of Minoan civilisation3 and the AD 1783 Laki Fissure eruption (Iceland) that temporarily impacted northern-hemisphere climates, causing widespread food crises and directly elevating human mortality rates.4

			It is often challenging to piece together the reasons for such decline in the distant past, not least because evidence is sparse and open to a range of interpretations, but also because many memories of the decline (and sometimes the events preceding it) are culturally filtered, sometimes even encoded in myth. For such reasons, the causes of past decline have sometimes been wrongly attributed; sometimes they reflect the (unconscious) biases of those trying to interpret causation. All this contributes to an incomplete and sometimes misleading understanding of human histories that in turn misinforms the ways in which the past is explained, an issue that can have wide ramifications for such topics as cultural evolution and hazard exposure.

			This study looks at Calicut, one of the most prominent fourteenth- to eighteenth-century trading ports in Malabar (western India), which experienced decline in the second half of this period. The most common reasons given for this decline are sociopolitical, ones involving conflict and power shifts between the people of Malabar and those from faraway places who traded with them. It is suggested that this is a default judgement, one born largely of limited experience of possible reasons for decline, as well as the operation of unconscious cultural bias. In particular, the present study found that all observers—exceptions have not been identified—failed to realise (or possibly considered it unimportant to note) that Calicut actually moved location, probably during the early decades of the sixteenth century, and it was this shift that is linked to its decline. The reasons behind this shift in location are of key interest.

			Figure 1A shows the location of the Malabar coast, the focus of international maritime trade with India for most of the period from the fourteenth to the nineteenth century, as well as the outline of the modern state of Kerala that encompasses the area of interest for this study. Figure 1B shows the location of Calicut within Kerala, while Figure 1C shows all places of interest discussed. Figure 2 shows various illustrations of Calicut, and Figure 3 shows the chronology of foreign visitors. This article first outlines the rise of Calicut during the fourteenth and fifteenth centuries before looking in detail at the arrival of Vasco da Gama in 1498. This is followed by a section charting the decline of Calicut, and by a discussion of the possible environmental reasons for this.

			[image: Figure 1: A. India, showing location of the former region of Malabar (yellow) and the border of the modern state of Kerala; B. Kerala, showing the locations of ancient (modern) trading ports; C. The study area, showing the locations of the earlier ‘Calicut at Beypore’ and the later ‘Calicut at Kozhikode’]
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			The rise of Calicut in the fourteenth to fifteenth centuries

			Although ports like Mangalore and Muziris on the Malabar coast were involved in trade with East Asian and Arab-Mediterranean powers from at least the first century AD,5 others rose to prominence for this reason much later. Among the latter was Calicut, which was founded in 1042, according to a Sanskrit chronogram, by an inland monarch keen to profit from direct links with Arab and Chinese traders. It rose rapidly in importance, the earliest written account of it probably being that of Ibn Battuta, who arrived in 1341, one of several visits over a five-year period. He reported the city of Calicut (Qáliqút) to be ‘one of the chief ports’ in Malabar and having ‘one of the largest harbours in the world. It is visited by men from China, Sumatra, Ceylon [Sri Lanka], the Maldives, Yemen … and in it gather merchants from all quarters’.6 This view was echoed by Wang Dayuan (Wang Ta-Yuan) who visited Calicut around the same time and proclaimed it ‘the most important of all the maritime centers of trade [and] the principal port of the Western Ocean’.7

			As with other Malabar ports, spices were the main export of Calicut, principally the pepper, cardamom and cinnamon that were grown in the hinterland, as well as ginger and turmeric.8 Calicut also entered common parlance in the English-speaking world through its export of calico, a woven cotton cloth. An abundance of hardwood trees (especially teak) grew in the foothills of the Western Ghats several dozens of kilometres inland of Calicut, and logs, floated down the Chaliyar and Kallai rivers and moved around on land by elephants, gave rise to a shipbuilding industry along the Calicut foreshore.9

			When Niccolò de’ Conti arrived at Calicut in 1433, he wrote that it was ‘a maritime city, eight miles in circumference, a noble emporium for all India’.10 Conti was in Calicut at the same time as Zheng He’s fleet; Ma Huan, Zheng He’s navigator, stated that ‘Calicut is the great country of the Western Ocean’11 and praised the honesty and trustworthiness of its people, a judgement shared by many and ascribed to the fairness of successive Zamorin (Samoothiri in Malayalam), Calicut’s hereditary rulers.

			A Persian ambassador, Abd-er-Razzak, who visited Calicut in 1442 was equally impressed:

			Calicut is a perfectly secure harbour, which … brings together merchants from every city and from every country; in it are to be found abundances of precious articles brought thither from maritime countries … security and justice are so firmly established in this city, that the most wealthy merchants bring … considerable cargoes, which they unload, and unhesitatingly send into the markets and the bazaars, without thinking in the meantime of any necessity of checking the account or keeping watch over the goods.12

			[image: Figure 2: A. The earliest depiction of Calicut (original some time between 1531 and 1571), Calechut celeberrimum Indiae emporium, after Georg Braun and Franz Hogenberg, Civitates Orbis Terrarum (1572), 1:54. Most ocean-going vessels anchored offshore but the Chaliyar River on the north side of Fort Chaliyam was wide/deep enough for big vessels. This picture shows ‘Calicut at Beypore’, the ancient trading port, not the later ‘Calicut at Kozhikode’; B. Detail of Fort Chaliyam, which began to be built by the Portuguese in 1531 and was abandoned by them in 1571 and destroyed; C. Calicut, on the coast of Malabar (dated 1775) is Plate 33 in the first volume of James Forbes’ Oriental Memoirs (1813). It shows ‘Calicut at Kozhikode’, not the ancient trading port of ‘Calicut at Beypore’.]
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			Source: Author’s collection.

			Finally, the Genoese merchant Hieronimo di Santo Stefano reached the ‘great city’ of Calicut about 1495 and ‘found that pepper and ginger grew there … very thickly around’.13 All this is consistent with what appears to be the earliest visual representation of Calicut (Figure 2A).

			Signs of decline … or mistaken geography: The visit of Vasco Da Gama in 1498

			The first Portuguese contact with Calicut was when Vasco da Gama arrived there in 1498. Unable to locate a suitable anchorage off Calicut, or perhaps reluctant to anchor so close without being assured of a friendly reception, da Gama anchored his fleet first at Capocate (Kappad Beach), reportedly about 10 km [‘six miles’] north of Calicut. If this is correct, then what da Gama thought was Calicut was a different place (‘Calicut at Kozhikode’ in Figure 1C) to that described by earlier visitors (‘Calicut at Beypore’ in Figure 1C). In addition, four days later, when da Gama first informed shore-based authorities of his desire to speak to the Zamorin of Calicut, he learned that the Zamorin was some ‘six leagues’ (about 33 km) away, presumably at the actual Calicut (around the mouth of the Kadalundi River), his usual seat of power, which is exactly this distance from Kappad Beach.14

			Additional evidence that the ‘Calicut’ visited by da Gama was not the ‘real’ one, the one where earlier maritime trade had been focused, comes from some otherwise puzzling details in the account of this first voyage.

			Firstly, the land around Calicut is described is as ‘sandy’ and yielding ‘no fruit’, requiring that food be imported, things with which the editor of the 1898 da Gama translation took issue, noting ‘the country around Calecut [sic] is certainly sandy but it is not as sterile as the bald statement of the writer would lead one to believe, for the city lies in the midst of extensive groves of palm, mango, and jack trees’.15

			This is an understandable reaction of a late nineteenth-century editor/translator who had access to earlier accounts of Calicut that did indeed laud its setting. Yet, unaware that da Gama’s Calicut was not the same as the Calicut before the Portuguese arrival on the Malabar coast, this editor assumed this rendering of the situation to be a misunderstanding of the real one.16 If we assume that da Gama did arrive at the ‘wrong’ Calicut, one indeed in a far more impoverished setting that the ‘real’ one, then clearly no misunderstanding occurred.

			Secondly, the account of the Calicut that da Gama visited explains that 

			the vessels which … carry spices to this city of Chalicut [sic] are flat-bottomed, so as to draw little water, for there are many dry places (shoals) … All the vessels, as long as they remain at this city, are drawn up on the beach, for there is no port where they would be safe otherwise.17

			This is a marked contrast to the ‘perfectly secured harbour’ described by Abd-er-Razzak in 1442, a mere 56 years earlier, and to the glowing reports of earlier writers (see previous section), so it is surprising that the editor did not once again impute a misunderstanding.

			In short, there is a compelling argument that da Gama landed at a different Calicut to that which earlier fourteenth- to fifteenth-century voyagers had reached. Yet da Gama also came away convinced he had reached the real Calicut, so perhaps, even allowing for meaning lost in translation, the Zamorin of Calicut in 1498 was not able to disabuse his visitor of his erroneous view. It may be that the Zamorin believed either that da Gama was purposely interested in the Kappad–Kozhikode area rather than the Kadalundi area or that the Zamorin saw an advantage in confining these unfamiliar newcomers’ interests to a supposed northern Calicut rather than having them compete with existing, more established trade at the real (southern) Calicut.

			But other factors may also have been in play. Figure 2 shows three views of Calicut, all postdating 1498. The earliest, from about 1550, shows the ‘real’ Calicut (Calicut at Beypore in Figure 1C), not that visited by da Gama. The evidence for this interpretation is principally the illustration of two rivers, the wide navigable Chaliyar to the north of the city, the smaller Kadalundi through its centre. The main activities—fishing, stevedoring, shipbuilding with elephants—are all illustrated. That this Calicut was the (main) seat of the Zamorin is implied by the inclusion of four people bearing another on a shaded palanquin. Coastal and riverbank forests suggest this is the Calicut with ‘extensive groves of palm, mango, and jack trees’. Da Gama’s Calicut is much more likely to have been the northern Calicut (Calicut at Kozhikode in Figure 1C), illustrated in Figure 2C and described by later visitors (see next section) in similarly unflattering terms to those of da Gama.

			There are many reasons why da Gama might have arrived at the ‘wrong’ Calicut. It is tempting to blame the challenges of navigation—no one in da Gama’s fleet had been to Calicut before—and da Gama appears to have been uncompromisingly harsh when his pilots made errors,18 so perhaps they were adamant when they had no cause to be. But the bigger question is why da Gama never subsequently found out that he was in the wrong place. Why did the ‘two Moors from Tunis, who could speak Castilian and Genoese’19 that he met at Calicut not point out his misapprehension? Why did the Zamorin evidently indulge his delusion? Possibly the answer lies in the personality of da Gama himself, for he was known as arrogant and brutal; he offered the Zamorin of Calicut such paltry gifts that his overtures were rejected.20 Perhaps the subtext here is that da Gama’s personality offended people and encouraged those with whom he interacted, especially those from contrasting cultural backgrounds, to be less forthcoming with key information than might otherwise have been the case.

			The decline of Calicut from the fifteenth century

			Smouldering at the refusal of the Zamorin of Calicut to accept his gifts (because they did not include gold coins) or allow him to set up a Portuguese trading post (or factory) at Calicut, da Gama’s return to Lisbon led to a second armada being dispatched under the command of Pedro Álvarez Cabral to negotiate a treaty with the Zamorin. This succeeded and the Portuguese were allowed to establish a feitoria (factory or fortified trading post) onshore. Almost certainly, the Calicut that Cabral visited was the same one (‘Calicut at Kozhikode’ in Figure 1C) as that visited by da Gama, for several people travelled on both voyages. One clear clue is that when Cabral arrived at Calicut, the Zamorin ‘came to a house beside the sea to speak to him’.21 This is a contrast to the situation when da Gama arrived two years earlier when, as described above, the Zamorin came to Calicut (at Kozhikode) and prepared a palace, to which the Portuguese had to walk. An explanation is that the Zamorin did not maintain a separate palace at ‘Calicut at Kozhikode’, only at ‘Calicut at Beypore’.

			For various reasons, Cabral was dissatisfied with how the treaty worked in practice and ended up seizing an Arab merchant ship loaded with Calicut spices, which in turn resulted in the feitoria being attacked and sequestrated by the Zamorin. In response, Cabral had his fleet bombard Calicut, which, critically, was described as ‘unfortified’;22 the bombardment ‘ruined many houses on the face of the shore’.23 Both details appear more applicable to ‘Calicut at Kozhikode’ (see Figure 2C) rather than ‘Calicut at Beypore’ (Figure 2A), which does not have a lot of houses on the ‘face of the shore’ and is likely to have been ‘unfortified’ in 1500.

			A final detail that might appear unimportant is that, as soon as the bombardment started, the Zamorin ‘immediately departed from the city, for it seemed to him that he was not safe anywhere’ there.24 Had this city indeed been the principal seat of the Zamorin, he might not have been so quick to abandon it. But, if this Calicut (‘Calicut at Kozhikode’) was not in fact where he usually resided, his departure for a more secure ‘castle’ (at ‘Calicut at Beypore’) makes more sense.25

			Da Gama led the third Portuguese armada to Malabar in 1502, where he displayed conspicuous brutality when attacking Calicut.26 Published around 1504, the fullest account of this voyage refers to this Calicut as Calcoen,27 which every commentator assumes to be the Dutch author’s rendering of Calicut. But maybe it was a different place. Maybe da Gama belatedly realised that the Calicut he visited in 1498 was not the principal seat of the Zamorin, but on this occasion in 1502, the atrocities he performed were carried out ‘before the town of Calcoen, where the king was present’.28 Additional evidence that this town was the correct Calicut (‘Calicut at Beypore’) comes from the detail that upon arriving at Calcoen, the Portuguese ‘fought against the troops of the Samudrya-radjâ (the king of the sea-shore), whom early European writers call the Zamorin’;29 this is evidently the place where the Zamorin’s main forces were located, the headquarters of the ‘king of the sea-shore’. Finally, this account states that Flemish merchants were already established in this Calicut, making it more likely to be that which all pre-1498 foreigners had visited.30

			So now the Portuguese knew there were two Calicuts. There is evidence the two coexisted some time longer before the seat of power of the Zamorin shifted from ‘Calicut at Beypore’ to ‘Calicut at Kozhikode’, a move that may have had both (primary) environmental and (subsidiary) political causes.

			The next written account of Calicut is that by the Italian traveller Ludovico di Varthema in 1505. There is no question that he visited the same Calicut (‘Calicut at Kozhikode’) as da Gama and Cabral for he stated:

			Calicut is on the mainland, the sea beats against the walls of the houses. There is no port here, but about a mile from the place towards the south there is a river, which is narrow at its embouchure [mouth] and has not more than five or six spans of water. This stream flows through Calicut and has a great number of branches. This city has no wall around it … the houses are very poor.31

			The stream must be the Kallai (see Figure 1C), which indeed has many branches, one connecting to the Chaliyar further south. Several posthumous editions of Varthema’s Travels include an engraving made in 1610 by Heinrich Gross that is essentially the same as that in Figure 2A; it was clearly not made by Varthema and does not accurately represent the Calicut he described.

			Afonso de Albuquerque visited Malabar/India as head of two military expeditions (1503 and 1506) and eventually became Governor of Portuguese India for six years in 1509. Much of Albuquerque’s attention was focused on fighting the forces of the Zamorin of Calicut. In passing, he noted that the port of Calicut was considered the ‘best in the whole of India’ (‘seu porto ho mayor de todalas indias’);32 clearly he was referring to ‘Calicut at Beypore’.

			But Albuquerque also had an interest in ‘Calicut at Kozhikode’, signing a trade agreement with the Zamorin in 1513 to build a fort there and ‘trade as they pleased’, a move that suggests that the Portuguese saw an opportunity at this time to capitalise on da Gama’s erroneous identification of ‘Calicut at Kozhikode’ as the real Calicut by making it a Portuguese entrepôt, not in competition with other foreign powers. In 1514–15, Fort Kozhikode33 was duly constructed on the north bank of the Kallai, but a decade later, after a sustained attack by forces of the new Zamorin, the Portuguese forces abandoned and destroyed this fort. Yet in 1531, a new Portuguese armada blockaded the Calicut shipping lanes, leading to a new treaty being signed with the Zamorin and the construction that year of Fort Chaliyam at the edge of ‘Calicut at Beypore’. Some authorities, puzzled by its construction so far (10 km) from what they assume to be the real Calicut, have supposed Fort Chaliyam to be somehow ‘strategically located’. But it seems clear that the Portuguese would not make the same mistake twice, realising that the heart of the Zamorin’s power (and the best place from which to enforce his compliance) was ‘Calicut at Beypore’.

			Fort Chaliyam was completed in 1532 (Figure 2B); its gates opened onto the beach and its garrison comprised 300 men. Yet, perceived as a ‘dagger directed into the throat of the Zamorin’,34 it was attacked in 1571 and eventually surrendered—a major blow to Portuguese aspirations in Malabar. Yet we can assume that for most of the time that Fort Chaliyam existed, the adjoining ‘Calicut at Beypore’ remained the Zamorin’s principal seat of power.

			It was around this time, the mid-sixteenth century, that the original representation of Calicut as shown in Figure 2A was produced. The earliest published version of Figure 2A was in the great city atlas, Civitates Orbis Terrarium, edited by Georg Braun and mostly engraved by Franz Hogenberg, published at Cologne in six volumes between 1572 and 1617. Of Calicut, which featured in volume 1, Braun wrote: ‘Calicut is the noblest of all the Indian cities. It lies on the shores of the sea, is bigger than Lisbon and is impregnable even without ramparts’, a place that certainly does not sound like the ‘unfortified’ Calicut that Cabral bombarded (see above).

			The illustration (I-54), reproduced in Figure 2A, is entitled Calechut celeberrimum Indiæ emporium (‘Calicut, the celebrated emporium of India’) and is noted as coming from ‘an unidentified Portuguese manuscript’35 or possibly unpublished material by earlier cartographers like Abraham Ortelius or Sebastian Münster. It is clear that this illustration is, as the written account suggests, of ‘Calicut at Beypore’, the older ‘real’ Calicut, rather than that (‘Calicut at Kozhikode’) visited by da Gama, Cabral and Varthema. The principal reason is that the geography of the site is unmistakably that of ‘Calicut at Beypore’, the wide navigable channel of the Chaliyar River to the north of the city, the narrow Kadalundi bisecting it, and a city set back yet visible from the sea, a sight consistent with the impressions of earlier visitors—the ‘chief port’, the ‘principal port’, a ‘noble emporium’ (see section 2). The representation cannot be that of ‘Calicut at Kozhikode’ for there is only one small river (Kallai) here that, as Varthema noted, is narrow at its mouth. In addition, the ‘the sea beats against the walls of the houses’ and there is ‘no port here’, clearly not the situation at ‘Calicut at Beypore’ shown in Figure 2A, but more like ‘Calicut at Kozhikode’ in Figure 2C.

			Another key to dating this map is that it shows Fort Chaliyam, built on the north-west part of the foreshore between the coast and the mouth of the Chaliyar River. This fort was constructed by the Portuguese in 1531 and destroyed in 1571, so Braun and Hogenberg’s map of Calicut must have been based on something created within this period.

			Sometime between 1583 and 1589, Jan Huyghen van Linschoten visited Calicut, describing it thus:

			This towne of Calecut hath in times past beene the famous Towne in all Malabar or India, and it was the chiefe towne of Malabar where the Samoriin [Zamorin], which is the Emperour, holdeth his Court, but because the Portingalles [Portuguese] at their first comming and discovering of India, were oftentimes deceyved by him, they resorted to the King of Cochin, who [then] was subiect to the Samoriin, being of small power. But when the Portingals began to prosper [in their enterprise], to get possession in the countrey, and so became maisters of the sea, Calecut beganne to decay, and to lose both name and traffique, and nowe at this time it is one of the townes of least account in all Malabar.36

			Almost certainly the Calicut that van Linschoten saw was that which Varthema saw (‘Calicut at Kozhikode’), not least because of its state of decay but also because he says that ‘from Cananor37 to Calecut are 8 miles’.38 All subsequent accounts of Calicut appear to refer to ‘Calicut at Kozhikode’. Earlier Calicut (‘Calicut at Beypore’) seems to vanish from history.

			The next six descriptions of Calicut are selected from many because they all allude to (abrupt) environmental changes having taken place there: submergence having occurred, cities swallowed by the sea.

			The earliest known suggestion that something had happened at Calicut is in the 1703 account of Alexander Hamilton:

			In Anno 1703 about the Middle of February, I called at Calecut [Calicut] on my Way to Surat, and standing into the [sea] Road, I chanced to strike on some of the Ruins of the sunken Town built by the Portugueze in former Times. Whether that Town was swallowed up by an Earthquake, as some affirm, or whether it was undermined by the Sea, I will not determine.39

			Hamilton visited ‘Calicut at Kozhikode’ and equates the ‘sunken town’ with Coote Reef (see Figure 1C), although others have disputed that connection. By the ‘sunken Town built by the Portugueze’, Hamilton may be referring to the ruins of the feitoria or the later Fort Kozhikode and associated buildings. Yet it is not clear whether Hamilton realised that there had once been two Calicuts and that he was unconsciously merging the stories of both.

			Later, in 1775, James Forbes reported of Calicut that 

			several vessels have been wrecked upon the ruins of the old city, now under water … Every vestige of that magnificent city is now whelmed beneath the sea … at very low water I have occasionally seen the waves breaking over the tops of the highest temples and minarets, but in general nothing is to be distinguished of the ancient emporium.40

			Given that Forbes also reported that Calicut in 1775 ‘offered very little to interest a traveller, being chiefly composed of low huts shaded by cocoa-nut trees on a sandy shore’,41 it is clear that he visited only the contemporary Calicut (‘Calicut at Kozhikode’), as shown in his sketch (Figure 2C). Yet given that he believed there to have once been a ‘magnificent city’ and an ‘ancient emporium’ here, it seems clear he did not know there had formerly been two Calicuts and that he unknowingly blended their histories together.

			The possibility of an earthquake having ‘swallowed’ part of Calicut was echoed by the dragoon officer Philip Dormer Stanhope in 1785 as representing local residents’ memories:

			Callicutt, which is now an inconsiderable village, was formerly a magnificent city, and the residence of a powerful Prince. According to the tradition … it was overwhelmed near 200 years ago by a sudden rising of the sea, and all its inhabitants perished. We anchored on the spot where the ancient city stood and as we went ashore at low water, the foundations of the buildings were discernible to the naked eye.42

			Stanhope also visited only the ‘Calicut at Kozhikode’, an ‘inconsiderable village’, but almost all of what he was told refers to ‘Calicut at Beypore’, once ‘a magnificent city’. It may be that, like Hamilton, Stanhope anchored on Coote Reef or similar, where the foundations of Fort Kozhikode were visible. Interestingly, both Hamilton and Stanhope infer that the earthquake responsible for having ‘swallowed’ Calicut occurred in the 1580s, a timing consistent with the shift in description from Calicut in Beypore to Calicut in Kozhikode. 

			In his 1846 synthesis of the geology of southern India, Thomas Newbold wrote that

			the old city of Calicut (the landing place of Albuquerque), a little to the south of the present site, is now buried under the sea, but it does not appear at all clear whether in this, or other cases of submergence, the cause was a sinking of the land, or a change in the configuration of the coast by a sudden rise of the sea.43

			Newbold did visit Calicut—which or both is unclear from his account—but clearly saw signs of submergence and heard stories (oral histories) recalling what had happened. Yet, given that ‘Calicut at Kozhikode’ still existed when he was in the area, Newbold’s mention of the ‘old city of Calicut’ is significant, perhaps the clearest indication that ‘Calicut at Beypore’ had been affected by ‘submergence’.

			In Edward Thornton’s 1858 Gazetteer, Calicut 

			is situate on the open beach, there being neither river or haven; and ships must anchor in the open sea, large ones two or three miles from land in five or six fathoms … Formerly a place of great importance, few vestiges of its grandeur remain. The successors of the Tamuri rajab or zamorin who once lived here in great splendour are no longer independent princes, but stipendiaries of the East-India Company … The haven said to have been once capacious, has been filled up with drifted sand.44

			Like earlier writers, including Hamilton and Forbes, Thornton confuses the two Calicuts, almost certainly unaware that there were two. For the one that ‘is situate on the open beach’ is clearly ‘Calicut at Kozhikode’, illustrated in Figure 2C, while the ‘place of great importance’ is almost certainly ‘Calicut at Beypore’. Of particular interest is Thornton’s comment that the ‘haven’ was once ‘capacious’, a comment consistent with pre-1498 descriptions like that of Calicut as having ‘one of the largest harbours in the world’ (Ibn Battuta, 1341) and a ‘perfectly secured harbour’ (Abd-er-Razzak, 1442). The comment that this ‘has been filled up with drifted sand’ may echo an account of what happened to ‘Calicut at Beypore’.

			Finally in 1887 in his widely regarded Malabar Manual, William Logan writes: 

			That the sea has encroached at Calicut cannot be doubted, but that a Portuguese fort once stood where the Coote Reef now is cannot be believed, although the tradition alluded to by Captain Hamilton has great currency on the coast.45

			This comment is especially perspicacious because Logan, a long-term resident of Malabar who would have been familiar with places and the residents’ histories of these, actually calls out the inconsistencies arising from the fusion of stories about ‘Calicut at Kozhikode’ and ‘Calicut at Beypore’, albeit without realising there was more than one Calicut. Logan sees signs of the sea’s encroachment but does not see clear signs of a submerged city (as the stories suggest) at ‘Calicut at Kozhikode’, where he assumed the sole Calicut to lie. But then he leaves open the possibility that he does not know the whole story when he says that Hamilton’s story about a town ‘swallowed up by an Earthquake’ is well known and considered credible by local residents.

			These accounts all suggest that at some point, perhaps in the second half of the sixteenth century, something catastrophic happened at ‘Calicut at Beypore’, which resulted in the submergence of the city, perhaps the destruction of its much-admired harbour, and forced the move of the Zamorin, his power diminished by both nature and the Portuguese, to ‘Calicut at Kozhikode’. 

			A tale of two cities … and a plausible explanation for the transformation

			It seems abundantly clear that there were once two Calicuts rather than the one that almost everyone has assumed to have been the case.46 While the earlier Calicut (‘Calicut at Beypore’) is well documented from at least the time of Wang Dayuan (c. 1335) to that of Albuquerque (1509) and the existence of Fort Chaliyam (1531–71), it effectively disappears from world history thereafter. All subsequent accounts of Calicut, from van Linschoten (1585) to Logan (1887), appear to refer to ‘Calicut at Kozhikode’. Two key insights from the above analysis of historical documents are possible.

			The first is that da Gama in 1498 visited the ‘wrong’ Calicut (‘Calicut at Kozhikode’), failing to discover the ‘real’ Calicut (‘Calicut at Beypore’), requiring that the Zamorin of Calicut hasten from the latter to the former to receive his Portuguese visitors. Da Gama’s error seems to have been repeated by Cabral, who led the second Portuguese armada to Malabar in 1500, but was rectified by da Gama and the third armada in 1502.

			Second is that sometime in the second half of the sixteenth century, perhaps between the destruction of Fort Chaliyam in 1571, a few decades after the original of Figure 2A was produced, and the visit of van Linschoten in 1585, the original Calicut (‘Calicut at Beypore’) was destroyed, its functionality irretrievably disabled, forcing the move of the Zamorin’s court to ‘Calicut at Kozhikode’. The evidence suggests that this destruction was far beyond that which could have been inflicted (and somehow went undocumented) by human aggressors. It might have involved the physical destruction of the much-envied ‘secure’ harbour at ‘Calicut at Beypore’ as well as the loss of key parts of the city itself. Studies of coastal change elsewhere along the Kerala (Malabar) coast have found evidence for similar catastrophic events (see below), so it is worth looking in more detail at what types of natural event might have fatally damaged former ‘Calicut at Beypore’.

			But the question obviously arises, why did no one identify the catastrophic destruction of ‘Calicut at Beypore’ before now? The answer is that no one saw the need because Calicut was apparently still there; it had not been destroyed. That is of course a fallacy, based on the misapprehension that there was only ever one Calicut, not two as this research shows.

			Much of the Kerala coast is straight, not indented. True harbours are few and are usually simply wide estuaries, sometimes boxed in by barrier beaches or islands formed during times of rapid coastal change and commonly attributed to floods, tsunamis or earthquakes; examples of each come from other parts of the Kerala coast and are implicated in the abrupt disappearance of the trading port of Muziris and the contemporaneous rise of that at Cochin (Kochi).47

			The Calicut shown in Figure 2A, considered to represent the ‘Calicut at Beypore’, the original or principal trading port, does not today have a sheltered or enclosed harbour, leading one to wonder how Ibn Battuta in 1341 might have adjudged it ‘one of the largest harbours in the world’, how Abd-er-Razzak could have thought it ‘a perfectly secure harbour’ in 1442 and how a succession of foreign visitors lauded its size and importance. Could it be that the coastal landscape of the ‘Calicut at Beypore’ around 1550 (Figure 2A) subsequently and profoundly changed, as have many ancient harbours elsewhere?48

			To try and answer these questions, it is helpful to outline the nature of coastal hazards along the Kerala coast before looking at specific possibilities that might explain the late sixteenth-century destruction of ‘Calicut at Beypore’, which apparently left ‘Calicut at Kozhikode’, 13 km distant, untouched. Coastal hazards here can be divided into those that are climate- (or weather-) driven and those attributable to earthquakes. Each is discussed in separate sections below.

			Climate-driven coastal change

			Mid-year (typically August–September) monsoon rainfall varies considerably in Kerala; unexpectedly heavy falls can result in catastrophic floods, often resulting in irreversible landscape change. Similarly heavy rainfall can arise when tropical cyclones (hurricanes or typhoons) pass through the area. It is likely that both monsoonal rainfall variations and tropical cyclone intensity are being influenced by climate change, demonstrating a connection that probably applied during warmer periods in history.49 To the south of Calicut, the blockage of the Periyar River in 1341 has been attributed to an unprecedented rainfall-driven flood that simultaneously opened an outlet through a coastal barrier further south, explaining both the disappearance of the ancient trading port of Muziris and the simultaneous rise of neighbouring Cochin (Kochi).50

			Large waves from storms and tropical cyclones are typically less than 2–3 m high along the Kerala coast.51 This seems plausible given that the amplitudes of such waves, unlike those of tsunamis (see next section), are generally reduced as they cross shallowing continental shelves such as those off Kerala.

			Earthquake-linked coastal change

			There is a long history of tsunamis impacting the eastern and southern coasts of India generated, as with the great 2004 Indian Ocean tsunami, by large-magnitude tsunamigenic earthquakes along lines of lithospheric thrusting, especially along the Sunda Trench. There are few records of tsunamis along the west coast of India, although the 1343 sea disturbance at Calicut experienced by Ibn Battuta (described above) may have been a far-field tsunami.52 In addition, tsunamis are implicated in the ‘washing away’ of the port city of Dwaraka 1,400 km north of modern Calicut,53 although this region is more tectonically unstable than the Malabar coast to the south.54 That said, many authors have pointed out that moderate earthquakes in more seismically quiet regions like Malabar periodically occur along faults that may normally be inactive.55

			Land can disappear during large earthquakes, sometimes as a result of abrupt (coseismic) subsidence, such as was documented during the 1964 Prince William Sound Earthquake in Alaska.56 Yet such events generally occur above shallow subsurface thrust faults along lithospheric plate boundaries, none of which lie within 2,000 km of the Malabar coast. But even a moderate locally focused earthquake can trigger land-level changes and/or tsunamis. Had ‘Calicut at Beypore’ been built largely on a sandy substrate, as seems likely, then successive earthquakes could have triggered liquefaction of this sand and its subsequent washing out to sea; similar hazard potential has been identified for other Indian coastal cities.57 Alternatively, a moderate undersea earthquake at the outer edge of the continental shelf, here about 70 km from shore, could have triggered landslides on the continental slope that might have displaced disproportionately great volumes of ocean water, producing waves perhaps 10 m high that would have washed across nearby coasts.58

			A plausible sequence of events

			The sequence of events might have been something like this. A moderate-strength earthquake shakes an oversteepened section of the continental slope, the lip of which lies about 70 km off the modern coast of Beypore. There is a massive undersea landslide, displacing a huge volume of sediment in an instant and causing a tsunami-like wave to rush out in all directions. As this wave approaches the shallowing coast off Beypore, it increases in height and may—by analogy with comparable situations—have been 10 m high when it hit the coast, running across ‘Calicut at Beypore’, destroying infrastructure, buildings and food production.

			Such waves can be localised in the way that we can infer was the case here (for nowhere else along the Malabar coast is such a wave reported at the same time). The shoreline erosion at ‘Calicut at Kozhikode’, where in 1887 Logan59 reported that there was no doubt ‘that the sea has encroached’ and where Hamilton struck ‘some of the Ruins of the sunken Town built by the Portugueze’, may have occurred during the same event. But localisation may also signify earthquake-induced liquefaction, which, assuming ‘Calicut at Beypore’ to have been built on a sandy coastal flat or delta, could have ‘washed away’ the city in a matter of minutes. A comparable situation occurred at Port Royal (Jamaica) in 169260 and has been recorded more recently in association with earthquake-generated tsunamis.61
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			The smallest time window for the destruction of ‘Calicut at Beypore’ is that between the takeover of Fort Chaliyam in 1571 and the visit of van Linschoten in 1585 (Figure 3). This is consistent with the conclusion of both Hamilton and Stanhope (see above) that the earthquake responsible for having ‘swallowed’ this Calicut occurred in the 1580s. No earthquakes are recorded as having affected ‘Calicut at Beypore’ or nearby areas at this time, but the likelihood that one did is clear from this analysis. While unlikely to satisfy everybody, the absence of evidence does not readily equate to evidence of absence, in this case of tsunami impact on the Kerala coast in the 1580s. Sedimentary evidence is likely to have been reworked both naturally and then more fundamentally during the twentieth-century urbanisation of the area.

			Conclusion

			The story of the two Calicuts related above is a good illustration of the selectivity of history. If historians and others make assumptions about the past that turn out to be wrong, then often entire sequences of deductions may need to be reeled back, something that is often difficult for narrative-loving humans to do.62 In the case of the two Calicuts, the ‘blame’ for the several centuries of confusion could be laid at the feet of both Vasco da Gama, who in 1498 believed he had arrived at Calicut when he had not, and the then Zamorin of Calicut who failed to disabuse him of this belief, plausibly in service of his own agenda.63 But then, even after da Gama’s error was discovered a few years later, the true Calicut (‘Calicut at Beypore’) survived less than a century before its comprehensive destruction in the 1580s and a shift of its former functions to ‘Calicut at Kozhikode’, a move that also failed to register in the minds of many subsequent visitors.

			Part of the reason for this situation is that the two Calicuts were so far from the home countries of foreign visitors, especially European ones, that it was easy to assume there was only one. Until comparatively recent times, the tendency to simplify others’ places and what happened there was a defining characteristic of much European writing about them. It was tempting to blame these others for such apparent deficiencies. For example, the notion that ‘there exist many [non-Western] societies which are oblivious to recorded history and which have only a dim or fanciful knowledge of their own past’ is a default judgement that actually says more about the shortcomings of the observer than those of the observed.64 In the case of the two Calicuts, what seems particularly extraordinary is that almost all visitors to the area after the year 1590 thought there was just one Calicut (‘Calicut at Kozhikode’), even though local informants undoubtedly told them what had happened to the other. 

			The story of the two Calicuts is also a reminder of the incompleteness of history and the dangers involved in reconstructing history only from what can be seen and touched, read or related. There is much that is missing from current understandings of human history, especially deep history, requiring that novel—occasionally imaginative—approaches are sometimes needed to help complete it. Good examples come from the use of myth as a source of historical detail, an approach that has been shown in several instances to be superior to one involving conventional methods of historical enquiry.65
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							Abstract

							Adapting techniques applied across the globe for thousands of years, earth building as a form of vernacular architecture has been a prominent part of English rural houses for centuries and was ubiquitous across regional Australia and New Zealand as an essential feature of colonial settlement. This article considers the rebirth of earth (later environmental) building in the immediate post–Second World War years in Victoria, Australia. Faced with a housing shortage, emergent government science saw the practical benefits of rationalising house building and design, while a new generation of artisans looked to connect with the landscape and natural features as part of a modern, simple, yet politically and culturally ‘tuned-in’ form of citizenship. This altermodern refashioning of an essentially relegated style of housing was largely instigated by local draughtsman and builder Alistair Knox who experimented, developed and popularised earth houses, founding a new movement of ‘muddies’ that has since become a legitimate building modality and profession across the country. A formative but long-overlooked aspect of an emergent ecological consciousness, promoting housing as a vehicle for creative and conscious living was enacted on the outskirts of post-war Melbourne, a generation before counter-cultural architecture emerged as a powerful sign of the self and became a vital nexus and vehicle for environmental expression, thinking and action.
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			Nature acts on man, man reacts on nature, and this produces Australian environmental building.

			—Alistair Knox, quoted in C. Bertie, ‘New House from Old Material’, Australian Women’s Weekly, 15 June 1966, 22.

			In line with other settlements across the colonial diaspora, Australia has a history of vernacular architecture in which the construction of cottages, homesteads, schools and workshops used locally gathered materials as the most efficient way of creating settlement.1 In the 1890s these techniques fell out of fashion, widely perceived as primitive and counter to a modernising nation building with brick and steel to better serve its progressive vision.2 In the 1940s, Melbourne draughtsman and builder Alistair Knox (1912–1986) revived the relegated housing style and, alongside an engineer for the newly created Commonwealth Experimental Building Station (CEBS), repopularised and legitimatised houses made from the earth on which they stood. Knox’s radical idea—that man and nature were inextricably linked as a function of building, quoted here from 1966—aligned with the modernist endeavour to include nature as an agent in architecture. But his positioning also challenged the historically dismissive relationship of Australians with the land, while demonstrating an early example of passive solar design, casting an eye to how humans engage with their homes, and how they, in turn, relate to their surroundings, the broader landscape, the climatic conditions and the seasons.3 

			Beyond a pragmatism born of scarcity in response to post-war housing and material shortages, earth builders in Victoria were responding to the trajectory of suburban life as it epitomised, in their eyes, excessive materialism and wanton environmental destruction.4 Born out of a nascent bohemian antipathy to suburbia, and a formative part of the discourses and practices of home ownership often implicated in the political, cultural and material boundaries of home in Australia, a new avant-garde of young urban intellectuals questioned the structures of capitalism through the lens of Australian liberalism, with an eye to the romantic bush tradition of an unspoilt rural life.5 This article considers the 1940s rise of the hand-built mud house as a rejection of rising affluence, and a refashioning of vernacular architecture that saw modern Australian builders and designers respond to local features, landscapes and climatic conditions as formative to creating shelter in a new way, a concept only recently acknowledged as best practice for sustainable design and low-carbon building.6

			Knox was inspired by the architects Frank Lloyd Wright and Walter Burley Griffin, themselves distinguished exemplars of the late nineteenth-century Arts and Crafts love of nature in design. Through his design and approach he tapped into an emergent enthusiasm for modern architecture that, according to Tony Dingle and Seamus O’Hanlon, looked to ‘change the world; with Utopian creations of light, structural experiment and sunshine’ amidst a search for an appropriate landscape and architectural response to Australian conditions.7 Over four decades, Knox had a hand in 1,260 documented buildings and over 600 houses. Through these buildings and his later writing, he posited earth building as the critical nexus for a broad social, moral and political philosophy he called ‘living in the environment’.8 Yet Knox’s life, body of work and texts remain absent from housing histories and the development of environmental and ecological thinking, and are only briefly noted in discussions of modernism in Australian gardens and architecture.9 As I have written elsewhere, while Australian histories of ecological thought and action have focused on large-scale and highly emotive campaigns, they have often overlooked more localised, individualised relationships to home and place.10 Being embedded in the act of living and working in nature, as Richard White reminds us, means claims from the margins concerning modernity, progress and beneficial social change in environmental literature should not be discounted.11 This article will in turn consider issues of labour and gender, and challenges to rising materialism in the post-war period, positing the ‘muddies’ as a brief stay against the comprehensive move towards suburban and housing uniformity that saw some Australians reconsider the building, function, operation and aesthetic of their homes, prefiguring a broad international ‘ecological turn’ of the 1960s that realigned perceptions and physical awareness to the natural world.12 

			Small homes, modernism and the refashioning of mud

			Between 1911 and 1947, Australia’s urban population doubled, with a large proportion centred on the outskirts of major cities. In the immediate post-1945 period, following an increase in affluence and upward mobility, and soon stewarded by the conservative Prime Minister Robert Menzies (in office 1949–66), came a rise in traditional politics and a rapid suburbanisation of cultural life.13 As Fiona Allon and Judith Brett have argued, ideas of home provided a central organising index of identity, and became the battleground for the enactment of political beliefs, with the suburbs replacing the bush as central to nation-building, citizenship and what did and did not constitute ‘civilisation’.14 Providing the vanguard of what Mike Berry has termed a ‘home-owning democracy’, prosperity, equity and independence were no longer associated with a rural selection or plot, but were now largely equated with a quarter-acre (0.1 hectare) block in the suburbs.15 

			Following years of depression and both material and economic shortages, the Commonwealth Housing Commission, appointed in April 1943 to assess the state of Australia’s housing stock, reported a shortfall in accommodation of 300,000 housing units in 1944.16 As the magnitude of the looming shortage became clear, a group of architects established a Small House Bureau consisting of state-based services to reinvigorate the housing landscape. In Victoria, the director of the RVIA Small Homes Service (1947–53) was the celebrated modernist architect Robin Boyd (1919–1971).17 Boyd wanted Australians to join him on the high ground of good taste epitomised by architect-designed modern homes. While he believed the average city dweller should not attempt to plan their dream home, Boyd supported the notion that ‘they should build it themselves’.18 Strongly opposed to prefabricated components, he penned a weekly column in The Age that began to feature a young draughtsman experimenting with earth.19 Earth building could help solve the housing crisis, Boyd informed a growing readership desperate for cost-effective and accessible alternatives, since earth walls were ‘cheap, strong, weatherproof, and highly insulating’. The materials are already on ‘your vacant building site’, he declared. Thus, it seemed reasonable to ‘make it of mud!’20 

			As one of the most abundant forms of vernacular housing globally and historically, earth buildings integrate natural systems, landscapes, weather patterns and colour tones.21 The most common construction material is mud, which has been used in a variety of building techniques, such as cob, pisé de terre (Figure 1) and adobe, since humans first began creating shelters 10,000 years ago.22 Over the centuries, indigenous forms of earthen shelter have developed on every continent.23 Bruce Pascoe notes that across Australia permanent housing was in fact a feature of the pre-contact Aboriginal economy, and observable from ‘the far Kimberley to Cape York, from the Hutt River to Tasmania, from Brewarina to Hamilton’.24 The misapprehension arose, Pascoe claims, when Europeans came upon ‘houses built to accommodate forty people [and] resorted to words such as “huts” or “hovels” to describe buildings that in rural Ireland would have been called croft houses’.25 As in colonial settlement across the Americas and New Zealand, earth construction was integral to early settlers’ adaptation of European technologies to suit local environments. 

			In his newspaper column, Boyd acknowledged the long history of earthen homes across Australia, and conceded that although their popularity had faded following the rise of imported materials and machinery, it had not completely disappeared.26 Shortly after, The Herald reported on the irony of soldiers who had recently served across the Middle East and who had seen whole towns built of earth, being forced on their return to live in ‘crowded rooms, stable lofts, and on mother-in-law’s veranda’, while the means to build houses ‘lies literally under their feet’.27 With reference to the prejudice of local housing authorities against unorthodox materials and styles, such articles were slowly reframing earth building in the light of an expanding modernist campaign geared towards stylish, logical and rational housing aiming to respond to its surroundings.

			[image: Figure 1: ‘Wide Interest in Pisé Building Construction’, The Telegraph (Brisbane), 8 August 1945, 4]

			Figure 1: ‘Wide Interest in Pisé Building Construction’, The Telegraph (Brisbane), 8 August 1945, 4.

			Source: Held by the author.

			Having taken up free tertiary training that was provided to ex-servicemen, Knox, then 34, started a part-time evening course in Building Practice and Theory at the Melbourne Technical College (now the Royal Melbourne Institute of Technology) in 1946. There he connected with the city-based New Art movement of Arthur Boyd, John Perceval, Sidney Nolan, David Boyd, Neil Douglas and Bert Tucker.28 In his memoir, Knox described a critical encounter with the emerging artist and experienced self-builder Matcham Skipper that led him out to Montsalvat, located 25 km from the centre of Melbourne in the then bushy outskirts of the suburbs.29 Since 1934, Montsalvat had been the nexus of Melbourne’s bohemian artistic community. It maintained an underlying philosophy of pursuing a life ‘free of materialism, oppression and prurience’, according to its founder Justus Jorgensen (1893–1975).30 Providing both a physical backdrop and an ideological basis for a community focused on the aesthetics of craftsmanship, Jorgensen had revived the use of pisé, adobe and local mudstone, practices not seen widely since the turn of the century. 

			Deeply impressed by the architecture, practices and core attitudes of the Montsalvat artists, Knox continued to work at the State Savings Bank of Victoria, while at weekends he started building ‘the English house’ for the returned serviceman Frank English.31 This was Knox’s first project that utilised mud from the shallow, clay-rich hills, and tapped into ready labour congregating in the area. The labour was made up of city escapees who shared a similar left-wing and intellectual orientation; Knox started designing homes that reflected both the individual values of their inhabitants and the landscape on which they were being built.32 The celebrated writer and film director Tim Burstall (1927–2004) was one of Knox’s first apprentices. In his memoir, Burstall recalls how such work enabled the building of their own homes, sharing a vital task with a burgeoning community of ‘like-minded people … starting to dream of a self-supporting Australia’.33
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			Figure 2: The Periwinkle House, 1948. Designed by Alistair Knox. Built by Sonia Skipper, Horrie Judd, Tony Jackson and others for Mr and Mrs J. Holmes. 

			Source: Photograph reproduced with the permission of the Eltham District Historical Society.
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			Figure 3: The Busst House (1948–49). Designed by Alistair Knox. Built by Horrie Judd, Wynn Roberts, Peter Glass and others.

			Source: Photograph reproduced with the permission of the Eltham District Historical Society.

			Continuing the work of Jorgensen, alongside another writer and experimental self-builder John Harcourt (1902–1971) also working in Eltham, Knox instigated a renaissance of mud-brick building across the leafy peri-urban region. Contributing to a critical ideological nexus of nationalism and ‘new world-minded thinking’ that had emerged amongst the largely urban bohemian intelligentsia, the bush was transformed into a civilised space, imbued with modernist ideas of the home in relation to its immediate environment.34 Although mud building had long had associations with an indigenous culture only just being critically re-examined, this altermodern revival interwove traditional building philosophies with modern styles and environmental concerns.35 It managed to champion a romantic bush ethos that ignored the contribution of indigenous civilisations, whilst still promoting the natural world and rejecting the disconnection from basic needs encapsulated by modernity itself. Drawing here on Michael Hardt and Antonio Negri’s concept of ‘altermodernity’, such activities signify a ‘decisive break with modernity and the power relation that defines it’, while also providing critical alternatives that engage questions of meaning and identity.36 Diverging aesthetically from the Arts and Crafts modernists who first inculcated the indivisibility of house and surrounds into Australian house design, the post-war earth builders did embrace the previous generation’s commitment to civic improvement.37 While supportive of Robin Boyd’s agenda to improve the living aesthetic of all Australians, the muddies were experimenting with relationships to power and authority, as seen through their radical approach to labour and production, reflecting their disillusionment with material success and domination over nature, as exemplified by the ever-expanding suburbs.

			By the late 1940s, Knox’s growing number of projects were challenging perceptions that earth couldn’t be included in Boyd’s modernist enterprise. For many working-class owner-builders, earth construction was practicable; newspapers across Western Australia, Queensland and New South Wales were reporting earth houses as ‘comparable in comfort and appearance with any kind of modern construction’.38 Earth houses were featured across homemaker and owner-builder magazines, and ordinary people were encouraged to view earth building as a rational and consistently modernist alternative to conventional materials and prefabricated components.39 But by the early 1950s the ‘mud bubble’ had burst, with Boyd’s column declaring ‘The “Free” Material … Costs Too Much’.40 Additionally, building applications were too radical for orthodox building standards and were generally rejected by municipal authorities.41 While Knox was forced to adopt more conventional housing designs due to prohibitive labour costs and a limited consumer market, the fall of earth building into quaint obscurity was arrested by the dedication of one government technician, who appeared during the figurative—and literal—rebuilding of post-war Australia.

			[image: Figure 4: Mud bricks drying on an Eltham hillside, c.1950s]

			Figure 4: Mud bricks drying on an Eltham hillside, c. 1950s.

			Source: Photograph from the private collection of Tony Knox.

			Living in the environment and the Commonwealth Experimental Building Station

			The release of the 1944 Housing Commission Report had also instigated the creation of a Commonwealth Experimental Building Station (CEBS) whose directive was to explore the technical aspects of ‘novel and progressive means of building’.42 Established in 1947 on 40 acres of bushland north of Sydney, CEBS’s mandate was to carry out experimental construction in different climatic and geographical locations, and advise regulators, housing authorities and government departments on the ‘development, manufacture, properties and uses’ of building materials.43 Engineers, builders, architects and the public welcomed this as an ‘innovative scientific approach’ to house design, and recognised the relationship between climate and house design across the nation’s varied and extreme weather and seasonal conditions.44 

			Through a series of scoping reports, early research drew attention to a ‘disregard of the prevailing climatic conditions, and to the irrational use of traditional materials’.45 This led to an 18-month tour of England, America, Russia and Australia by the chief technical officer, the English architect and engineer George Middleton that generated dozens of technical studies. Endorsed by his engineering credentials, Middleton canvassed support for earth building across the country, and his message was heard by rural and urban communities alike.46 His agenda was to elevate earth wall construction ‘high among the accepted building methods’ as he advocated a technical school training scheme to develop the industry.47 The sheer volume of publications, experiments and surveys, which resulted in over 100 technical reports and papers, reflects his dedication to the capabilities of earth construction. As is highlighted in the article below (Figure 5), Middleton’s investigations included comparisons with earth building in Egypt and the Mediterranean to validate the inquiry, though few references were made to any other revivals in Europe or North America at the time. After he had spent years researching across starkly contrasting climates in Australia and overseas, Middleton’s Build Your House of Earth: A Manual of Pise and Adobe Construction received a positive reception upon its release in 1953.48

			As earth building gained greater credibility and shed both its colonial and precolonial associations, a range of publications began promoting the practice ‘on and off the farm’.49 Its egalitarian, everyman appeal tapped into a looming fear of declining masculinity in the rapidly changing post-war society.50 Earth building conformed with the new phenomenon of DIY building and expressions of post-war masculinity: it promoted the physical prowess, efficiency and rationality that was often entangled with the pioneer legend, and proved its economic suitability and flexibility as it could be done by hand, or with the assistance of machines to mechanise part of the process.

			Middleton’s research into the structural integrity, durability and effective functioning of earth walls proved opportune for Knox, who was by then fighting local authorities for building permits. Commonwealth-backed research meant that mud-brick building was no longer the preserve of remote pioneers or the eccentrics of bohemian Eltham; earth walls started to play an ‘increasingly important part in modern Australian housing’, declared The Age.51 Following the work of the CEBS, owner-built earth buildings were replicated across every state. One example, the CEBS Technical Record publication number 89, entitled Housing for Native Population, led to social housing being made from stabilised earth bricks in the Northern Territory, some of which withstood the ferocity of Cyclone Tracy in 1974.52 The regular appearance of earth building in the print media, and the reprinting of Middleton’s books, helped ‘naturalise’ earthen houses in the Australian context, enhancing the idea that ordinary modern families could build, and live in, homes more attuned to the climate and the surrounding landscape.
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			Figure 5: ‘Homes and Building: Australian Earth Houses Attract Attention’, Sydney Morning Herald, 12 May 1953, 8.

			Source: The author.
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			Figure 6: Rammed earth and mud-brick building techniques.

			Source: William Arthur Shum, Concrete, Mud, Stone and How to Use Them (Melbourne: Colorgravure, 1952), 40.
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			Figure 7: Classic modernist architecture on the cover of Middleton, Build Your House of Earth.

			Source: G.F. Middleton, Build your house of earth: a manual of pise and adobe construction (Melbourne: Compendium, 1975), held by the author.

			The activism of environmental building

			Following the Second World War, the population of Eltham Shire, the locus of Knox’s mud-building empire, was nearly double that of the previous decade. This was in part due to the low cost of land, accessibility to the city and, as Burstall recalled, the ‘pristine light, bushland and vistas [being] attractive to people who sought out a more rural landscape’.53 For those with little income, an interest in simple living and being outdoors, and who engaged in DIY building as a cost-effective way of establishing a home, Eltham invited people to make a choice about the type of landscape and environment in which they wanted to live. In the post-war language of ‘conquering’, ‘taming’ and ‘transforming’ nature, such communities questioned how Australians saw, occupied and treated the land, and areas on the peripheries of major urban centres attracted people predisposed to ask such questions.54 

			Knox knew that such people were also liable to challenge the professionalisation of labour within the building industry and the role and position of women in regard to home-building. Most importantly, they shared his belief in the indivisibility of house and land in response to solar access and prevailing climate patterns. His designs sought to synthesise houses with their immediate surrounds, where ‘reaching Stringybarks held back the undisciplined bush, [and] shadowed windows peered through the wild hair of Casuarina’ trees, recalled Burstall.55 In 1953, Knox championed simple dwellings that conveyed a deep resonance for the native landscape, while also drawing attention to the evils of materialism and consumerism, coded here as ‘nonsense’: 

			With earth building, beauty can be expressed simply: natural and honest treatment of the walls so that they retain some of the primeval quality of earth; a true sense of topography through the proper handling of the site … no material is more responsive to human expression than mud, provided the initial objectives are not lost sight of—retention of its primeval character, and absolute avoidance of nonsense.56

			Knox opposed the basic principles of suburban development, which sought distinction from its surroundings by first clearing the site, building from manufactured or prefabricated components, and replanting the garden with imported or non-local species.57 He was also critical of builders who removed vegetation in the process of constructing homes and sheds, which they thought necessary as a response to the prospect of wildfires. In a more public demonstration, 1953 saw the mud-brick owners of Eltham rally against the State Electricity Commission’s attempt to run electricity lines through their hills. As both a symbolic gesture, and an indication of a desire to maintain the ‘pristine’ elements of their local area, Knox recalled that when a particular tree was about to be felled:

			a collection of mud brick workers, university professors, business executives, and housewives would arrive at the critical moment to start a parley … It was rather bewildering to those honest toilers who were under the impression they were elected to bring civilization to our backward bushlands.58 
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			Figure 8: Carol Bertie, ‘New Home from Old Material—House of The Week’, Australian Women’s Weekly, 15 June 1966, 22.

			Source: Held by the author.

			For Knox, this pattern of development represented a persistent fear that sought to tame, control and often eradicate native features in an attempt to replicate the suburban dream in rural areas.59 Years before the activism of Terania Creek in Northern New South Wales (1979), which has been elevated as a significant moment in forest protection as environmental activism, the mud builders had united to voice concerns over the encroachment of development and progress into a less majestic, but equally worthy, landscape.60 In June 1966, Knox’s ‘new home from old material’ was nominated the Australian Women’s Weekly’s house of the week, thus signifying the arrival of environmental building.

			While Robyn Boyd sought to provide cost-effective and stylish homes without shattering the conservative suburban dream, earth homes came to embody a progressive position in regard to capitalism and growth, and by the 1960s had begun to digress from the modernist agenda. In 1975, Knox published Living in the Environment, in which he challenged the relationship between progress, modernity, labour and the natural world through the prism of design. He argued that environmental building could be the catalyst for a new alternative society, though there is little evidence that the counter-culture was aware of his work and ideas until the 1980s, when a number of earth building guides and manuals were compiled.61 Knox realised that his ‘everyman’ ambition of the post-war period was being reincarnated as an anti-establishment ethos in the 1970s. As quoted in the lifestyle magazine Simply Living, he could see a ‘new reverence [being] engendered in the humble adobe block, the bluestone pitcher, heavy second hand timbers and the whole gamut of environmental building materials that are producing an alternative society second to none’.62 One of just a few articles I could find on Knox, this laudatory review from 1976 highlighted his contribution to a ‘genuinely Australian architecture based on lifestyle’.63 Echoes of Knox’s philosophies are still found in The Owner Builder’s Companion from 1989, which claimed:

			There are other ways. We can take control of our own lives, take the responsibility for creating our own world and meeting our own needs … Owner building is about taking control of your life and asserting your individuality, about working to translate your dreams into earthy (rather than concrete) realities.64

			A new landscape for women

			In his three books published between 1975 and 1980, Knox argued earth building was a suitable response to problematic aspects of modernity, technology and consumption, with the home being transformed once again as a symbolic alternative to conventional domesticity. Although an observant Christian, Knox was inspired to create ‘a whole new way of looking at how we may live, particularly as we watch the promise of the post-war world dissolving before our eyes into depression and despair’.65 Though he had not set out to challenge the sanctity of the nuclear family, mud building had, incidentally, created a space for women to transcend prescribed gender roles and domestic identities. 

			In the first decade after the Second World War, home was often understood by women as an active creation of place (and identity). Women were encouraged to design, make and manage the modern dream home to strengthen the social fabric and economic vitality of Australia. In her appraisal of housewives of the 1940s and 1950s, the feminist scholar Lesley Johnson has argued that the home was not always opposed to, or a place to retreat from, the modern world, but could represent a different vision of what modernity should be about.66 In a more detailed analysis, Johnson and Justine Lloyd argue that although second-wave feminists positioned the home as a retreat from progressive ideas, it was not anti-modern, but in fact central to the very project of modernity in the post-war era.67

			A close reading of CEBS publications and other earth building literature reveals few voices of women during the post-war period. This is largely due to the fact that, according to the literature on DIY home building, ‘men did most of the construction work’, and building the family nest was considered a male achievement.68 Nanette Carter has confirmed that women were likely to be ‘helpmates than co-workers’ in home-building projects, but by being proximate, women gradually encroached on male spaces through plastering, carpentry, landscaping and gardening.69 Confined to vegetable production during the war as a means to temporarily transcend defined masculine spaces, the ‘woman below’ presents as a citizen happily participating in the DIY project as an extension of her patriotic duty to home and nation.
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			Figure 9: A ‘modern’ woman making mud bricks in J. M. Harcourt, ‘Natural Earth as Building Material Pise-de-Terre, Cob and Mud Brick Methods Explained’, Australian Home Beautiful, January 1946, 8.

			Source: Held by the author.

			The geography of the area in question is also pertinent to the way women could transcend gender roles. According to Kylie Mirmohamadi, at the edge of cities ‘newly-conscious communities’ could conceive and discuss the international scene as well as the local community and its development.70 As noted above, the bohemians saw their move out of the urban setting as rejections of capitalism, conformity and rising technocracy. Much like the famed architect Burley Griffin and his wife Marion’s move to their leafy community at Castlecrag near Sydney, there was a desire to recover a ‘community fabric jeopardised by rampant modernisation as reflected in unplanned suburbanisation’.71 Marion Mahony Griffin was a prominent figure in her own right and promoted the role of women in conceptualisations of neighbourhood, family values, open space and what would now be described as green consciousness. Knox was influenced by the Griffins, and he saw design as more than a matter of utilitarian structures, but also a process of constructing a home with consideration to family, lifestyle and spiritual connection. As a result, he encouraged a movement of left-leaning artists, thinkers and philosophers, several of whom were women, to join in the discussion that saw building with earth as a challenge to aspects of Australian cultural life in the context of an increasingly conservative body politic. A local historian, Alan Marshall, confirms that earth building ‘seemed to have a particular attraction to women’, some receiving paid work and others contributing in a supportive capacity to the endeavour of DIY home-building.72 
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			Figure 10: Margot Knox laying slate, c. 1950s.

			Source: Photograph from the private collection of Tony Knox.
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			Figure 11: Sonia Skipper featured alongside Gordon Ford, Laurie Mayfield, Alistair Knox and Tony Jackson working on the English house, 1947–48. 

			Source: Esme Johnston, ‘Built From The Good Earth’, Australian Home Beautiful (June 1948): 28.

			I am not arguing here that a rural setting could be completely removed from the suburbs and its prevailing gender roles, but the reconstruction of post-war labour and identities did provide an opportunity for some women to transgress some of the boundaries of home and work. Due to financial and material restrictions, and a limited labour pool, women were increasingly open to, and willing participate in, the processes of earth building. In this way, women such as Sonia Skipper, Betty Burstall and, later, Edna Walling, the celebrated landscaper, could gain a greater degree of professional autonomy through building, landscaping and gardening than could most of their compatriot housewives in the suburbs.73

			The legacy of the muddies

			Though dismissed as a vernacular form of architecture favoured by a small cohort of eccentrics and enthusiasts, the humble mud brick continues to have wider resonance and significance. Knox’s buildings are now considered synonymous with Eltham’s landscape and the broader green belt surrounding Melbourne.74 His designs continue to stimulate site-appropriate housing and landscape cohesion. Knox’s philosophy and vision were encapsulated in everything he created: as is noted in his entry in the Australian Dictionary of Biography, ‘above all, he presented a vision of integrating the earth’s elements into landscapes and living environments’.75 Over his career, his cache of 1,260 documented buildings, including suburban estates, halls, colleges and houses, continue to inspire for their architectural experimentation, design and construction, and are critical to the built and cultural heritage of the alternative and sustainable housing movement. There is an annual tour run across Eltham and the wider peri-urban green belt, an enduring tradition that Knox himself began in 1964, that continues to retell the story of the early mud builders to new generations.76 

			Since Knox began designing houses for his friends, owner-built DIY earth houses have continued to expand into the market of owner-builder and general construction.77 Building momentum since the 1980s, there are now hobbyist, advocacy and several dedicated institutes across the country. Earth houses remain an attractive, aesthetic and often sensible building alternative that is accessible to amateurs and continues to stand in for a search for meaning tied to identity and place. The practical act of building one’s own home from local materials continues to challenge aspects of modernity as it reframes ideas of control, professionalism and the use of industrial materials and supply chains, while also engendering a certain sympathy with, and understanding of, the native landscape, the seasons and the climate. 

			The mud-brick revival of 1940s Eltham emerged as part of a broader DIY house building phenomenon that saw ordinary Australians seek out independence and autonomy by building their own homes. Challenging the conservative identity of post-war society, a small group of bohemians rallied against Australia’s developing suburban psyche and landscape while tapping into progressive concern for the physical, moral and spiritual development of Australia. Such examples of lifestyle and politics with a dedicated partiality towards personal autonomy and self-reliance are by no means unique to this case study, or to Victoria. But the efforts of the early mud builders to straddle what Tim Bonyhady called ‘the art–environment divide’ have largely been overlooked in both environmental and housing scholarship.78 

			While the historians Tony Dingle and Patrick Troy have called for research into Australian housing experiences to include all types of dwellings, mud houses have regularly been discounted as bespoke—one of many imported vernacular building styles transposed into Australian conditions.79 One of the few to consider the moral, political and environmental dimensions of earth houses, Meredith Fletcher asserts that to reach beyond the quarter-acre block and the urban frontier is often maligned, but earth homes can become documents that elucidate how and why people make a home in the bush.80 Across research on counter-cultural housing there are few links to earlier generations who had expressed social, cultural and political dissent through their homes, or there is little consideration of the legacy of the early mud builders for later iterations of what is now called ‘subsistence architecture’. As one of the few academics concerned with alternative building, Lee Stickells stresses that ‘developing histories of counter-cultural architecture means adopting a different kind of historical focus’.81 Such a focus must take into account the experimentalism of the post-war muddies, which may have been incited by materials and labour shortages but can resonate with ongoing housing problems facing both urban and rural Australia. 

			Conclusion

			In the social and political environment of post-war Australia, DIY earth building not only was an act of architectural and labour rebellion but also challenged constructs of domestic femininities by providing an opportunity for women to contribute towards the kinds of homes in which they wanted to live. While the unfolding project of modernity continued to locate progress in the public sphere, Knox considered the domestic space a secondary site where wider aspirations could be explored, negotiated, (re)constructed and, ultimately, taken up in politically significant ways. Though his houses did not challenge the narrative that sought the erasure of a previous and ongoing indigenous relationship with the Australian environment, they did evolve conservative ideas of mud huts as primitive, to become an elegant and desirable adobe abode.

			In what Dingle and O’Hanlon have hailed as the ‘contested space’ of modernism and domesticity in post-war Australia, Knox brought the domestic to the ‘natural’ world, and encouraged more thoughtful ways to live in it, through the practical, human, emotional and, in his words, ‘truly aesthetic’ value of building with earth.82 Environmental building thus allows us to assess the ‘architecture of past thought’; in its earthen walls, wholesome hearths and light-filled design is a growing disenchantment with, and anxiety about, the technological reality of a suburban Eden. The muddies reimagined a refuge in nature through homes that made their inhabitants aware of the natural world, the passing of the seasons, the power of sunlight, and the way shelter can enhance living rather than just facilitate it. They also challenged the way their individual homes have had, and continue to have, an impact on our living ecologies and the wider environment and encourage all of us to build with the hand, and the heart.

			

			
				
					1	 ‘Vernacular’ refers to a type of local or regional construction that uses materials and resources from the area where the building is located. It is ‘built to meet specific needs, accommodate the values, economy, and lifestyles of a specific culture’. See Paul Oliver, Built to Meet Needs: Cultural Issues in Vernacular Architecture (London: Routledge, 2006), iv, doi.org/10.4324/9780080476308. See also Gordon Young, ‘Colonial Building Techniques in South Australia’, Vernacular Architecture 17, no. 1 (1986): 1–20, 297–310, doi.org/10.1179/vea.1986.17.1.1; Fiona Bush, ‘The Convicts’ Contribution to the Built Environment of Colonial Western Australia between 1850–1880’ (PhD diss., Curtin University, 2012); Cathy Keys, ‘Shifting priorities of shade and northern Australian architecture: Colonial settlement prior to the 1920s’, ABE Journal: Architecture beyond Europe, no. 17 (2020), doi.org/10.4000/abe.8008, journals.openedition.org/abe/8008; Katrina Dernelley, ‘Our Land of Adoption: Seeking Home in a Gold Rush Landscape’, History Australia (2021): 1–15, doi.org/10.1080/14490854.2021.1956340.

				

				
					2	 Graeme Davison argues that any history of Australian housing must consider the ‘formative relationship between homeland dreams and the character of the colonial house’. Thus, colonists’ generally dismissive and eradicative relationship to the original inhabitants can be read in a desire to transcend the land’s ‘primitive’ history through the building of a new society. See his ‘Colonial Origins of the Australian Home’, in A History of European Housing in Australia, ed. Patrick Troy (Cambridge: Cambridge University Press, 2000), 6–25.

				

				
					3	 Passive solar design systems are used to collect, store and distribute thermal energy by natural radiation, conduction and convection through design alongside a particular selection of building materials. See Daniel A. Barber et al., ‘Architecture, Environment, History: Questions and Consequences’, Architectural Theory Review 22, no. 2 (2018): 249–86, doi.org/10.1080/13264826.2018.1482725.

				

				
					4	 Min Hall, ‘Back to Earth: Earth Building in Aotearoa New Zealand 1945–65’, Proceedings of the Society of Architectural Historians, Australia and New Zealand 36 (2020): 205–16.

				

				
					5	 Aidan Davison, ‘In the Privacy of Your Own Nature: Political Ontology, Urban Nature and Home Ownership in Australia’, in Housing and Home Unbound: Intersections in Economics, Environment and Politics in Australia, ed. Nicole Therese Cook, Aidan Davison and Louise Crabtree (New York: Routledge, 2016), 99.

				

				
					6	 Tony Dingle, ‘Necessity the Mother of Invention, or Do-It-Yourself’, in A History of European Housing in Australia, ed. Troy, 57–76.

				

				
					7	 Tony Dingle and Seamus O’Hanlon, ‘Modernism versus Domesticity: The Contest to Shape Melbourne’s Homes, 1945–1960’, Australian Historical Studies 27, no. 109 (1997): 35.

				

				
					8	 Alistair Knox, Living in the Environment (Canterbury, Vic.: Mullaya Publications, 1975); the title of this article is drawn from his second book, Alternative Housing: Building with the Head, the Heart and the Hand (Sutherland, NSW: Lion, 1980).

				

				
					9	 John Frank Williams, The Quarantined Culture: Australian Reactions to Modernism, 1913–1939 (Melbourne: Cambridge University Press, 1995); Lee Stickells, ‘“And Everywhere Those Strange Polygonal Igloos”: Framing a History of Australian Countercultural Architecture’, in Open: Proceedings of the Society of Architectural Historians, Australia and New Zealand, vol. 2, ed. Alexandra Brown and Andrew Leach (Gold Coast, Qld: SAHANZ, 2013), 555–68; Marion Mahony Griffin et al., Beyond Architecture: Marion Mahony and Walter Burley Griffin: America, Australia, India (Champaign, IL: University of Illinois Press, 1998); Martin Mulligan and Stuart Hill, Ecological Pioneers: A Social History of Australian Ecological Thought and Action (Cambridge and Oakleigh, Vic.: Cambridge University Press, 2001); Katrina Dernelley, ‘The Building of the Garden: Arts & Crafts Gardens in Australia, 1880–1914’, Garden History 33, no. 1 (Summer 2005): 118–26.

				

				
					10	 Rachel Goldlust, ‘Alistair Knox (1912–1986) and the Birth of Environmental Building in Australia’, Arcadia 18 (2016), www.environmentandsociety.org/node/7680, accessed 19 April 2022; Rachel Goldlust, ‘Working from Home: An Oral History of Activism, Gender and the Environment’, Journal of Oral History Australia 43 (2021): 85–113.

				

				
					11	 Richard White, ‘“Are You an Environmentalist or Do You Work for a Living?” Work and Nature’, in Uncommon Ground: Rethinking the Human Place in Nature, ed. William Cronon (New York: W. W. Norton, 1996), 177.

				

				
					12	 Thomas S. J. Smith, ‘Ecological Ethics of Care and the Multiple Self: Revisiting the Roots of Environmentalism’, in Sustainability, Wellbeing and the Posthuman Turn (Cham: Palgrave Pivot, 2019), 63–90, doi.org/10.1007/978-3-319-94078-6_4; Maril Hazlett, ‘Voices from the Spring: Silent Spring and the Ecological Turn in American Health’, in Seeing Nature Through Gender, ed. Virginia Scharff (Lawrence, KS: University Press of Kansas, 2003), 103–28.

				

				
					13	Tony Dingle and Lionel Frost, ‘Sustaining Suburbia: An Historical Perspective on Australia’s Urban Growth’, in Australian Cities: Issues, Strategies and Policies for Urban Australia in the 1990s, ed. Patrick Troy (Melbourne: Cambridge University Press, 1995), 28.

				

				
					14	 Fiona Allon, ‘At Home in the Suburbs’, History Australia 11, no. 1 (2014): 13–36, doi.org/10.1080/14490854.2013.11668498; Judith Brett, Robert Menzies’ Forgotten People (Carlton, Vic.: Melbourne University Publishing, 2014).

				

				
					15	 More than 50 per cent of the population were home owners by the turn of the twentieth century. This figure climbed to 70 per cent in the first 15 years after the Second World War. See Mike Berry, ‘Unravelling the “Australian Housing Solution”: The Post-War Years’, Housing, Theory and Society 16, no. 3 (1999): 106, doi.org/10.1080/14036099950149974.

				

				
					16	 L. P. D. O’Connor, Commonwealth Housing Commission Final Report (Sydney: Ministry of Post-war Reconstruction, 1944), 19.

				

				
					17	 Boyd’s Service managed a small team of architects, producing a design a week characterised by an economical use of space, solar orientation and maximised living space that was published in The Age. See Rory Hyde, ‘What Would Boyd Do? A Small Homes Service for Today’, architectureau.com/articles/what-would-boyd-do, accessed 14 April 2022.

				

				
					18	 Robyn Boyd, ‘Small Homes—Service Of the Royal Victorian Institute Of Architects, The First Step To A Home’, The Age, 16 July 1947, 5.

				

				
					19	 Robyn Boyd, ‘(Mud) House of the Week’, The Age, 17 November 1948, 4; ‘House of the Week—Quotes for Pise’, The Age, 16 June 1948, 4; ‘Outer Suburbs Ban Mud Construction House No. V21’, The Age, 5 May 1948, 4.

				

				
					20	 Robyn Boyd, ‘The Materials for Adobe Construction Are Already on Your Vacant Building Site. Make It of Mud!’, The Age, 17 March 1948, 3.

				

				
					21	 It is estimated that between a third and a half of the world’s population live in buildings constructed of earth. See Ronald Rael, Earth Architecture (New York: Princeton Architectural Press, 2009), 9–12.

				

				
					22	 ‘Pisé de terre’ or ‘pisé’ is a nineteenth-century building method meaning ‘earth in place’, now largely interchangeable with rammed earth. ‘Adobe’ is traced from the Middle Egyptian word ‘dj-b-t’ meaning ‘mud brick’ made from clay, soil and straw, and dried in the sun. See Marshall Joseph Becker, ‘Adobe and Rammed Earth Buildings: Design and Construction’, Material Culture 35, no. 2 (2003): 79–82. 

				

				
					23	 Michael Moquin, ‘Ancient Solutions For Future Sustainability: Building With Adobe, Rammed Earth, and Mud’, Adobe Journal 4 (1994): 543–52.

				

				
					24	 Bruce Pascoe, Dark Emu (Broome, WA: Magabala Books, 2014), 97.

				

				
					25	 Ibid., 104.

				

				
					26	 Approximately 9,000 inhabited earth houses were recorded in the 1933 census in Australia. Cited in ‘Earth Wall Construction Pise and Adobe in Australia’, Building and Engineering, 24 February 1951, 81–6. Any reference to precolonial inhabitants using earth or natural materials was never cited, and probably actively ignored. 

				

				
					27	 ‘Huts of Mud May Bring Us Back to Earth in Housing’, The Herald (Melbourne), 1 April 1948, 4.

				

				
					28	 Richard Haese, Rebels and Precursors: The Revolutionary Years of Australian Art (Melbourne: Penguin, 1988), 5–10.

				

				
					29	 Alistair Knox, ‘Bohemian Associations’, in A Middle Class Man: An Autobiography (unpublished, n.d.), alistairknox.org/books/1, accessed 2 May 2022. 

				

				
					30	 Jenny Teichman, ‘Jorgensen of Montsalvat’, Quadrant 29, no. 6 (1985): 26.

				

				
					31	 For a fuller compendium of Knox’s work see RBA Architects, ‘English House’, Banyule Heritage Study 2020 (January 2022), 10–17.

				

				
					32	 Jenni Mitchell, ‘Bohemia in Eltham’, Meanjin 64, no. 1–2 (2005): 77.

				

				
					33	 Tim Burstall, Memoirs of a Young Bastard: The Diaries of Tim Burstall, November 1953 to December 1954 (Melbourne: Miegunyah Press, 2012), 5.

				

				
					34	 Kate Murphy, ‘“The Modern Idea Is to Bring the Country into the City”: Australian Urban Reformers and the Ideal of Rurality, 1900–1918’, Rural History 20, no. 1 (2009): 119–36, doi.org/10.1017/S0956793308002616.

				

				
					35	 Jayne Regan, ‘Cosmopolitan Jindyworobak: Flexmore Hudson, Nationalism and World-Mindedness’, Journal of the Association for the Study of Australian Literature 15, no. 3 (2016): 1–14.

				

				
					36	 See Michael Hardt and Antonio Negri, Commonwealth (Cambridge, MA: Belknap Press of Harvard University Press, 2009), 103.

				

				
					37	 Harriet Edquist, Pioneers of Modernism: The Arts and Crafts Movement in Australia (Melbourne: Miegunyah Press / Melbourne University Publishing, 2008), 210–13.

				

				
					38	 ‘Problem Solved by Mud-Brick Houses’, Western Mail (Perth, WA), 21 August 1947, 28; Vyvyan Williams, ‘Why Not Build Your Home of Earth?’, Tweed Daily (Murwillumbah, NSW), 17 May 1947, 5; ‘Pise Houses—Could Solve Housing Problem’, South Coast Bulletin (Southport, Qld), 31 March 1948, 19; ‘Earth Houses for Australia’, Morning Bulletin (Rockhampton, Qld), 1 April 1948, 3; ‘They’re Building Houses from Their Own Earth’, Westralian Worker (Perth, WA), 16 September 1949, 1; ‘Mud Brick Houses for Qld. Now Suggested’, Brisbane Telegraph, 30 May 1950, 14.

				

				
					39	 J. M. Harcourt, ‘Natural Earth as Building Material Pise-de-Terre, Cob and Mud Brick Methods Explained’, Australian Home Beautiful (January 1946): 8–12; ‘Short of Timber?’, Queensland Country Life, 11 January 1951, 12.

				

				
					40	 Small Homes Section, ‘The “Free” Material That Costs Too Much’, The Age, 13 November 1951, 4.

				

				
					41	 Robyn Boyd, ‘Outer Suburbs Ban Mud Construction House’, The Age, 5 May 1948, 4. From the 1950s onwards Knox’s mud brick contracts were increasingly limited to close associates and friends.

				

				
					42	 Commonwealth Experimental Building Station, A Brief Explanation of the Organisation and Work of the Station (Sydney: Department of Works and Housing, 1961), 5.

				

				
					43	 Ibid.

				

				
					44	 J. W. Drysdale, ‘Climate and House Design: Summary of Investigations 1945–1947, Duplicated Document No. 21’ (North Ryde, NSW: Commonwealth Experimental Building Station, 1947).

				

				
					45	 David V. Isaacs and J.W. Drysdale, ‘Building Technique and Building Research: A Report on Investigations Made Abroad by the Director of the Station during 1947 and by a Senior Technical Officer in 1948’ (North Ryde, NSW: Commonwealth Experimental Building Station, 1949); J. W. Drysdale, Designing Houses For Australian Climates (North Ryde, NSW: Commonwealth Experimental Building Station, 1952).

				

				
					46	 ‘Pise Building’, Land, 7 May 1948, 25; ‘Can Make Homes from Rammed Earth: Expert Here’, Northern Standard (Darwin), 2 February 1951, 1; ‘They’re Building Houses from Their Own Earth’, Westralian Worker (Perth), 16 September 1949, 1.

				

				
					47	 ‘Earth Houses for Australia’, Morning Bulletin (Rockhampton, Qld), 1 April 1948, 3.

				

				
					48	 G. F. Middleton, Build Your House of Earth: A Manual of Pise and Adobe Construction (Sydney: Angus and Robertson, 1953); ‘All About Earth Wall Houses’, Advertiser (Adelaide), 6 June 1953, 7. One enthusiastic reviewer called for a ‘Revolution in Housing’. See Elizabeth Webb, ‘Why Not Build Adobe Houses?’, Brisbane Telegraph, 9 December 1954, 29.

				

				
					49	 ‘Let’s Make Mud Houses’, Pix 21, no. 5 (14 August 1948): 14; ‘Earth Wall Construction Pise and Adobe in Australia’, Building and Engineering, 24 February 1951, 81–3.

				

				
					50	 Nanette Carter, ‘Man with a Plan: Masculinity and DIY House Building in Post-War Australia’, Australasian Journal of Popular Culture 1, no. 2 (2011): 167, doi.org/10.1386/ajpc.1.2.165_1.

				

				
					51	 ‘Earth Walls’, The Age, 8 September 1952, 6.

				

				
					52	 G. F. Middleton, Housing for Native Population (North Ryde, NSW: Commonwealth Experimental Building Station, 1951); G. F. Middleton, Earth Wall Construction ([Melbourne]: National Building Technology Centre, 1987), 18. 

				

				
					53	 Burstall, Memoirs of A Young Bastard, x.

				

				
					54	 Kylie Mirmohamadi, ‘Designing Bush Landscapes: History and Place in Eltham and Castlecrag’, Studies in the History of Gardens & Designed Landscapes 31, no. 2 (2011): 135, doi.org/10.1080/14601176.2011.556376.

				

				
					55	 Alan Marshall, cited in Knox, Living in the Environment, xi.

				

				
					56	 ‘He Crusades for Mud’, Australian Home Beautiful (January 1953): 7.

				

				
					57	 Alistair Knox and Leslie H. Hunting, ‘Operation Periwinkle’, Australian Home Beautiful (February 1950): 31–3, 49; Alistair Knox, ‘Papers, 1969–1980’. YMS 13243, manuscript collection, State Library Victoria, Melbourne.

				

				
					58	 Knox, We Are What We Stand On, 137.

				

				
					59	 Alistair Knox interviewed by Barbara Blackman, 1986, National Library of Australia, nla.gov.au/nla.obj-215778484/listen, accessed 20 February 2018.

				

				
					60	 Griff Foley, ‘Terania Creek: Learning in a Green Campaign’, Australian Journal of Adult and Community Education 31, no. 3 (1991): 160–76; Vanessa Bible, ‘The Spirit of Terania’, in Terania Creek and the Forging of Modern Environmental Activism (Cham: Palgrave Pivot, 2018), 81–100, doi.org/10.1007/978-3-319-70470-8_5; Iain McIntyre, ‘From the Local to the Global and Back Again: The Rainforest Information Centre and Transnational Environmental Activism in the 1980s’, in The Transnational Activist: Transformations and Comparisons from the Anglo-World since the Nineteenth Century, ed. Stefan Berger and Sean Scalmer (Cham, Switzerland: Palgrave Macmillan, 2017), 283–309, doi.org/10.1007/978-3-319-66206-0_11.

				

				
					61	 Knox, Living in the Environment, 58.

				

				
					62	 David Stewart, ‘Shelter’, Simply Living (1976): 70.

				

				
					63	 Stewart, ‘Shelter’, 57. 

				

				
					64	 John Archer, Gerry Archer and Justin Archer, The Owner Builder’s Companion: The Best of the Owner Builder Magazine (Ringwood, Vic.: Penguin, 1989), ii. 

				

				
					65	 Knox, We Are What We Stand On, 71. 

				

				
					66	 Lesley Johnson, ‘“As Housewives We Are Worms”: Women, Modernity and the Home Question’, Cultural Studies 10, no. 3 (1996): 449.

				

				
					67	 Lesley Johnson and Justine Lloyd, Sentenced to Everyday Life: Feminism and the Housewife (Oxford and New York: Berg, 2004), 16–18.

				

				
					68	 Dingle, ‘Necessity the mother of invention, or do-it-yourself’, 72.

				

				
					69	 Carter, ‘Man with a Plan’, 172.

				

				
					70	 Mirmohamadi, ‘Designing Bush Landscapes’, 136.

				

				
					71	 Robert Freestone and David Nichols, ‘Recreation, Conservation and Community: The Secret Suburban Spaces of Walter Burley and Marion Mahony Griffin’, Studies in Australian Garden History 1 (2003): 5.

				

				
					72	 Alan Marshall, Pioneers & Painters: One Hundred Years of Eltham and its Shire ([Melbourne]: Nelson, [1971]), 109.

				

				
					73	 Meredith Fletcher, ‘Edna Walling, Jean Galbraith, and “The Harvest of a Quiet Eye”’, Australian Garden History 26, no. 3 (2015): 14–17; Sonia Skipper, My Story: Tales from a Pioneer of Montsalvat (Carlton, Vic.: Black Jack Press, 2005).

				

				
					74	 Knox properties receive 11 mentions on the Victorian Heritage Database; four are identified but not protected, seven are covered by heritage overlays in municipal planning schemes, one is mentioned but not recommended for protection, and one is on the National Register. See Richard Petersen, ‘Alistair Knox 1912–1986’, RMIT Design Archives Journal 14, no. 1 (2014): 4–23.

				

				
					75	 Fay Woodhouse, ‘Knox, Alistair Samuel (1912–1986)’, in Australian Dictionary of Biography, vol. 18 (Canberra: National Centre of Biography, The Australian National University), adb.anu.edu.au/biography/knox-alistair-samuel-12750, accessed 19 April 2022.

				

				
					76	 ‘Eltham Mudbrick Tour: Mudbrick Tour History’, elthammudbricktour.org/mudbrick-tour-history, accessed 20 April 2022.

				

				
					77	 This is the case particularly in Western Australia, which has cultivated a strong rammed earth industry in recent years. See Earth Building Association of Australia, Building with Earth Bricks and Rammed Earth in Australia (Stratford, Vic.: Earth Building Association of Australia, 2004); Daniela Ciancio, ‘Cheap, tough and green: Why aren’t more buildings made of rammed earth?’, The Conversation, 30 April 2015, theconversation.com/cheap-tough-and-green-why-arent-more-buildings-made-of-rammed-earth-38040, accessed 12 September 2018. 

				

				
					78	 Tim Bonyhady, The Colonial Earth (Melbourne: Melbourne University Publishing, 2003), 8.

				

				
					79	 Troy, ed., A History of European Housing, 50–3; Tony Dingle, ‘Emoh Ruo: A Plea for Writing House Histories’, Gippsland Heritage Journal 24 (2000): 10–17.

				

				
					80	 Meredith Fletcher, ‘Ferals and Their Muddies’, History Australia 2, no. 1 (2005): 2, doi.org/10.2104/ha040008.

				

				
					81	 Lee Stickells, ‘Negotiating Off-Grid: Counterculture, Conflict and Autonomous Architecture in Australia’s Rainbow Region’, Fabrications: The Journal of the Society of Architectural Historians, Australia and New Zealand 25, no. 1 (2015): 123, doi.org/10.1080/10331867.2015.1006755.

				

				
					82	 Dingle and O’Hanlon, ‘Modernism versus Domesticity’; Marshall, Pioneers & Painters, 108.

				

			

		

	
		
			New light on the introduction of ship-borne commensal rats and mice in Aotearoa New Zealand, 1790s–1830s

			Carolyn King

			Environmental Research Institute, University of Waikato, Hamilton, New Zealand

			Andrew Veale

			Manaaki Whenua Landcare Research, Auckland, New Zealand

			
				
					
				
				
					
							
							Abstract

							Commensal rodents are those species that have adapted to feeding, breeding and travelling around the world with humans, as opposed to their relatives who remain fully wild. Three species of commensal rodents each invaded New Zealand many times before about 1830. All carry in their genomes evidence of their origins, which not only confirm known precolonial trade routes in the south-western Pacific during the late eighteenth and early nineteenth centuries, but also extend them into conclusions invisible to archival records. Pacific rats (Rattus exulans) arrived with Polynesian colonists from their home islands in eastern Polynesia in about 1280 CE. They have become a mine of genetic information for deducing the history of human colonisation of the Pacific islands. House mice (Mus musculus) and Norway rats (Rattus norvegicus) both originated in Asia, and spread from there along with people to western Europe by the mid-1700s. Both were carried by the early European and American ships among cargo, livestock and immigrants to Australia, and thence to New Zealand. They provide evidence of a hitherto unknown short but important clandestine connection with China over about 20 years after 1800. A fourth species of commensal rodent to reach New Zealand, the ship rat (Rattus rattus), arrived only in about 1830–50.
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			New light on an old problem

			The arrival of European settlers and their effects on the environmental history of New Zealand are well described in traditional scholarship.1 Until only a few decades ago, the main sources of information about the movements of ships and people were archaeological remains and written records. But historical assessments based on fragmentary documents are fluid by nature. Anthropologist Anne Salmond’s comment on history was written about the early sealers, but could just as well refer to commensal rodents: ‘When the documents fall silent, history can be a baffling business’.2 Now, for people and their travelling companions, the integration of documentary history and genetics offers a powerful tool capable of revealing whole new libraries of previously unknown information.

			Genetic studies of house mice, the unavoidable travelling companions of our European ancestors, have not only confirmed and extended known records, but also led to otherwise inaccessible conclusions about human prehistory in wonderful detail.3 A dramatic and well-documented case (unknown to historians until revealed by genetic analyses) is that of the arrival of Vikings on Madeira (in the Atlantic Ocean, 1,076 km south-west of Portugal) in the ninth to tenth centuries.4 Their former presence was demonstrated by the existence there of traces of north European house mice, belonging to a different subspecies from the west European mice resident in Portugal, the mainland origin of most Madeiran people. Subsequent invasions by immigrant mice from Portugal have hybridised with the resident northern-derived mice. Living mice on Madeira, and also on the Faroes and in Iceland, have discordant genotypes derived from ancestors of both subspecies.5 Commensal rodents arrived in Australia and New Zealand from industrialised Western countries much later than the Vikings took mice to Madeira. 

			Deducing the colonisation history of European rodents in New Zealand is greatly assisted by its recent timing, because some important nineteenth-century events are known from scattered documentary records.6 Shipping data recording legal trade circuits, as mapped for example by Jim McAloon,7 routinely provide significant information about potential sources of rodent colonists, and also define some dates, routes and means of transport as possible, and others as improbable.8 But the essential work of established historians describing these and later events depends on dated material archives, which rarely mention rodents. Gaps in those resources can be filled only by searching for new materials, and progress is halted where none exist. Conversely, genetic data can not only confirm legal trade routes, but also potentially provide independent evidence of unrecorded shipping movements in southern Pacific waters. Gaps in genetic information can be filled by inferential modelling, thereby supplementing and extending previous conclusions.

			Genetics as an historical tool

			The DNA of all mammals carries a detailed record of their ancestry and distribution written in a molecular language that geneticists can now read with ease.9 Rats and mice are ill equipped to move far independently, but are small enough easily to travel unnoticed among piles of baggage and supplies. They carry with them the coded information in their genes that can tell us much about where they and their human companions came from. The impact that DNA analysis has had on our understanding of human history, on Madeira, the Polynesian diaspora and for human culture generally10 is proving as significant as the impact the printing press had on mediaeval scholarship, and for similar reasons.

			Mitochondrial DNA (mtDNA) comprises a library of archival information carried in all mammalian cells. Mitochondria are the energy-generating units of the body cells, and their information is inherited largely unchanged through successive cell divisions, solely down the maternal line. Thousands of lab animals, mostly rodents and rabbits, have helped us understand how cell biology works to pass this information down the generations.11

			In a matrilineal descent system, each individual is considered to belong to the same descent group as its mother, because the mitochondria passed on to each fertilised egg can be supplied only by the mother. The mitochondrial DNA in all body cells is replicated throughout an individual’s lifetime by the asexual process driving growth and repair of tissues, carrying no input from the father. Therefore, the mtDNA matrilines detectable in a colonising population still carry genetic information from hundreds of generations back to their remote female ancestors, and that information cannot be mixed with other neighbouring matrilines. 

			By contrast, a different process of cell division in the nuclei of the eggs and sperm during sexual reproduction mixes the nuclear DNA from both parents. Only full genomic analyses of the nuclear genes can detect hybridisation events between separate lineages in the past. This is an expensive process, and adequate results have been reported for New Zealand house mice,12 but only minimally for a few Norway rats. This paper reviews evidence of the origins of commensal rodents in New Zealand primarily from maternally inherited mitochondrial data.

			Mitochondrial sequences make up haplotypes (specific genetic sequences inherited as single blocks), which are grouped together by ancestry and similarity into larger family units or clades (divisions of a phylogenetic tree in which all sequences are more closely related to each other than they are to other clades). Family trees (phylogenies) constructed from mitochondrial data have given us invaluable information about the history of many animal species. Disease organisms also carry their own genetic libraries, which in contemporary times are proving critically important in tracing the origins and spread of the Covid-19 pandemic.

			The family trees and genetics of the house mouse13 and the Norway rat14 are among the best known of all mammals, because they are the animals most widely used in medical research labs. That means we can benefit from the advanced databases and genetic tools already developed for them. Our task of understanding their invasion histories is therefore easier for these than for any other invasive pests.

			On the other hand, genetic information alone is not enough. The data themselves are not helpful until interpreted into understandable information. It can tell us a lot about the origins of the mice and rats living in the southern Pacific now, but it leaves unanswered the greater, and historically more interesting, questions of how their ancestors could cross the oceans to reach such a remote corner of the world. Neither can genetics alone help to decide between conflicting explanations of where they came from. The aim of this paper is to integrate the separate streams of genetic and documentary evidence for each known rodent lineage in turn.

			Polynesian rats among the Pacific islands

			Pacific rats (Rattus exulans) originally came from South East Asia and have been nearly ubiquitous around Polynesian settlements for many centuries. They were not only the earliest by far of the three species of commensal rats to reach New Zealand with their human companions, but also they do not interbreed with other rats, so (unlike the dogs, chickens and pigs also transported by people around the Pacific) their genetic footprints are not confused with those of any later-imported European rats.

			Firm evidence of when they reached southwards as far as New Zealand is provided by the dates derived from archaic Polynesian graves, and the occupation levels at the oldest archaeological sites from the late thirteenth century onwards, all in close agreement with the dates from natural sites signalling the first arrival of rats.15 These rats (known to the Māori as kiore) of today are the direct descendants of those ancestral colonists, so giving us previously unknown information about the migrations across the Pacific of the ancestors of the Māori and their domestic animals.16 Once they reached New Zealand, they spread widely across all the main and many offshore islands.17

			The genetics and distribution of European commensal rodents in New Zealand

			Norway rats arrived on European ships from the mid-eighteenth century onwards, and rapidly spread throughout the country, displacing the smaller Pacific rats. A team led by James Russell18 identified the most common and widespread haplotype of Norway rats resident in northern New Zealand as Norhap01. It is identical with the most common haplotype of R. norvegicus in Sydney, where it is called haplotype 9. It is also the most common R. norvegicus haplotype found in modern samples from England.19 From the small number of Norway rats from the North Island analysed with nuclear genomic markers, their ancestry appears to be almost entirely from the United Kingdom.20 They once occupied the whole of the North Island and a long list of offshore islands,21 but have disappeared from most of the mainland forests and have been eradicated from most offshore islands. Norhap01 has never been found in the South Island.

			Instead, the rats from the South Island and Stewart Island sampled by Russell’s team all belong to a substantially different separate lineage labelled as Norhap02, otherwise known only from China.22 Only two individual Norway rats from the South Island have been fully analysed, and these have complex mixed ancestry that is hard to fully resolve, but both South East Asian and European ancestry was present.23 Norway rats have also disappeared from all the places on the South Island mainland where early observers once recorded them as hugely abundant (see below).

			The Mus musculus species complex (a group of closely related but apparently separate species of house mice, too similar for mutually exclusive definition) originated in the north of the Indian subcontinent around 250,000 years ago.24 Over most of its global range this group is represented by three major, widespread subspecies: Mus musculus domesticus from western Europe, M.m. musculus from northern Europe and east to Siberia, and M.m. castaneus from South East Asia. The three subspecies can interbreed with each other, although not all hybrids are equally fertile. House mice in New Zealand carry ancestry from all three subspecies, although M.m. musculus is rare. Historical patterns of international trading and migration had largely prevented the two subspecies most widely separated, M.m. domesticus and M.m. castaneus, from meeting elsewhere in the world. Because there are no competing native mice in New Zealand, the colonising house mice could live as non-commensals, and they are now found both in highly modified agricultural and city environments, and in uninhabited wilderness habitats throughout the country.25 In a recent survey of the genetics of mice in New Zealand, we collected 502 mice from all the main and many offshore islands, and sequenced their mitochondrial DNA.26 In the North Island, the western subspecies M.m. domesticus is represented by 23 separate matrilines among 279 mice. The most widespread is domNZ.4, which is identical to one of the common haplotypes found in Britain and Germany (BritIsl.5).27 Another one, domNZ.1, is identical to a common Anglo-German haplotype (BritIsl.1).28 Across the Tasman, another widespread haplotype, Australia.01, was previously described as U47431, found in the British Isles.29 The origin of North Island mice from Britain and Europe via Australia is safely confirmed by evidence derived from nuclear DNA.30In the South Island, only 22 km away across Cook Strait, the picture is very different. The eastern subspecies M.m. castaneus is represented by six matrilines among 218 mice, five in Otago and Southland (casNZ.1, .3–.6), and one on the main Chatham Island (casNZ.2), almost 800 km to the east. They all belong to a clade that is widespread in India, eastward to China and ports in the Far East,31 although their particular haplogroup is most similar to those recorded in China.

			The difference between the North and South Islands in the distributions of both Norway rats and house mice of separate origins is evidence that the two ends of New Zealand were colonised by commensal rodents at different times and by different routes. Comparisons between Otago and Bay of Islands shipping data show how separate these two trading areas were in the early days,32 which in turn determined the different opportunities offered to commensal rodents to move about.

			Combining genetic information and shipping data into a strong, consistent narrative can provide additional details that extend our understanding of New Zealand precolonial history.33 How did these different distributions of commensal rodents arise? And, considering there were no legal trading routes from South East Asia to New Zealand in the first two decades or so of the nineteenth century, how did any rodents from there reach New Zealand?

			Norhap01 reaches Fiordland with explorers, 1770s

			The story of the expansion of Norway rat populations around the world can be deduced from DNA analyses and fossil records.34 They travelled from their centre of origin in the cooler parts of northern China and Mongolia, possibly along the strings of human settlements established along the Silk Road trade routes.35 They spread south, east and west along five dispersal tracks identifiable from genetic analyses, dividing as they went into 104 haplotypes grouped into 10 clades. The far end of the fifth dispersal route expanded the range of Norway rats into Europe. British taxonomists, observing these new rats from the 1720s, gave them the specific name Rattus norvegicus (‘Norway rats’), from the mistaken belief that they first reached Britain from Norway.36 From there they hitch-hiked around the world with European explorers, whalers, sealers and traders throughout the late eighteenth and early nineteenth centuries.

			Norway rats are large, tough animals well adapted to cold, wet conditions. They are very good at digging burrows, and gnawing through solid wooden barn doors and casks to get at stored grain and meat, but they are too heavy to be good at climbing.37 At sea, they thrived in the damp, unheated cargo holds of sailing ships, finding feed and shelter in inaccessible corners well out of danger from the crew, fumigation or ships’ cats. They willingly swim up to 2 km in cold water, and can easily reach inshore islands around any mainland coast they have colonised.38 For decades they established independent breeding populations aboard exploring, trading and migrant ships, and exported their surplus numbers to scramble ashore at every opportunity.

			The first Norway rats to reach New Zealand arrived with James Cook and other eighteenth-century explorers. During long voyages far from any port, a ship’s hull would accumulate a heavy load of weed and barnacles that could easily become a drastic brake on its speed. Then the captain would look for a safe opportunity to beach the vessel in order to careen it. On Cook’s first visit to New Zealand, he took the chance to careen the Endeavour on the beach at a quiet anchorage in Queen Charlotte Sound, in the northern South Island.39 The crew laid the hull over on the larboard (port) side, scrubbed the bottom clean, then righted it and laid it over on the starboard side for scrubbing, before finally righting and refloating it.

			The whole procedure took three days, from 16 to 18 January 1770, thereby providing absolutely ideal opportunities for shipboard rats to reach land. No one thought of the possible consequences for native fauna, or of preventing them from leaving the ship, even had that been possible—on the contrary, it is more likely that the crew would have helped them go. We do not have any written evidence as to whether the Endeavour had any rats on board, but that hardly matters, because Cook’s next ship was definitely not so lucky.

			During Cook’s second visit, he brought the Resolution, which was certainly ‘much pestered’ by rats,40 close in to shore in Dusky Sound in March 1773. Cook was glad to see that ‘the vermin could walk ashore’. Anders Sparrman (the ship’s naturalist) ‘noticed with regret the exodus of alien animals’ from the ship in Dusky Sound. In May 1773, Cook moved the Resolution 815 km north to meet its companion the Adventure in Queen Charlotte Sound, where Richard Pickersgill’s log records the ‘Sailmakers repairing Sails which we find much damag’d by the Rats’. Sparrman commented on the abundance of rats in the area where William Bayly, the astronomer aboard the Adventure, had cleared a patch of bush for his observatory.41 Sparrman was an experienced naturalist fully capable of distinguishing the large, full-grown Norway rats from the much smaller Pacific rats. He was also well aware of the predatory capabilities of Norway rats, so was ‘mortified at the thought of being responsible for introducing such animals’.42

			Over the next few decades, many other ships followed Cook to the Fiordland and Otago coasts, thereby offering plenty more opportunities for rats to colonise the adjacent shores.43 Judging from the many more closely documented recent records of rats willingly swimming ashore from ships,44 it is certain that Norway rats got ashore in the 1770s. The closer inshore a ship was brought, the greater the chances of rats landing, especially from those vessels that gave rats easy access to land along mooring lines. One of them was HMS Mermaid, a cutter commanded by Captain J. R. Kent, on a visit to the southern South Island between 8 May and 23 August 1823. Mermaid was certainly infested with rats, which Kent’s journal of 25 May reports had damaged a new sail. On 1 June he followed Cook’s chart to Pickersgill Harbour (Resolution’s original mooring site) in Fiordland, where he secured the ship with a warp (a cable attached to an anchor) to the shore.45 At that time, Norway rats on British ships could only have been of European origin, belonging to the haplotype Norhap01. Judging from later reports,46 they certainly established all too successful huge and destructive populations.

			Norway rats spread into the untouched forests of Fiordland, still rich in defenceless ground fauna (large, flightless native invertebrates, lizards, frogs, ground-feeding bats and birds, diminished by the little kiore but now almost all gone). There are no before-and-after observations of the effects on New Zealand native fauna of the first arrival of Norway rats at that time, but many well-documented examples are described in the published literature, summarised by William Stolzenburg.47

			Norway rats arrive in Australia, 1788

			Port Jackson (part of Sydney Harbour) was the earliest wharf area in south-eastern Australia, established by the British Government in 1788 to support the newly established convict settlement.48 The First Fleet ships sent to establish the penal colony at Port Jackson (six convict transports, three store ships, two naval escorts) certainly carried many stowaway Norway rats from Britain to Australia. Rats disembarked along with the convicts and their precious stores of imported food, the young colony’s only defence against starvation during its first, vulnerable years. All these rats must have been Norhap01.

			The problem of managing the stores was not only the lack of any effective means of food preservation, but the inescapable, infuriating, massive scale of the damage inflicted by the rats and mice that inevitably accompanied cargoes of imported supplies. The protection of scarce food supplies from hordes of rodents was a constant nightmare from the settlement’s earliest days. Governor Arthur Phillip reported in February 1790:

			The stores have been lately overrun with rats, and they are equally numerous in the gardens, where they do considerable damage; and as the loss in the stores could only be known by removing all the provisions, that was done, and many casks of flour and rice were found to be damaged or totally destroyed. The loss in those two articles by the rats since landing has been more than twelve thousand [pounds] weight.49

			Ships of the early nineteenth century were constructed of natural materials (timber for the hull and masts, and flax for cordage and sails), all eminently gnawable. Wooden structures, sails and rigging, even the interior of the hull itself, were all defenceless against a rat’s sharp incisors. Contemporary records frequently mention the damage done by stowaway rats. Nicholas Rodger’s detailed description of the British navy of the Georgian era (1714–1830) mentions:

			Rats were always present, and always hungry [and, along with scorpions, centipedes and other pests which were regarded as] native to the wooden world … [rats] could not only destroy most part of the dry provisions on board, as was reported from the Amazon in 1761, but they were easily capable of eating through casks. Even if they did not consume all the contents, the leakage of pickle from beef or pork would allow the remainder to spoil … Whenever stores of any sort were missing … and had to be accounted for, the standard explanations were ‘lost overboard’ or ‘eaten by rats’, and there was virtually nothing which could not plausibly have gone one way or the other.50

			Contemporary accounts of shipboard life of the time comment on how rats could torment the passengers and crew, and destroy provisions and property. The worst were probably the rat-infested whaling ships, whose very timbers must have been redolent with delicious-smelling oil and strewn with scraps of blubber and meat. These ships cruised around the southern Pacific for decades between the 1780s and 1830s. Their generally filthy condition supported hordes of cockroaches, which in turn supplied abundant additional food for rats. Living quarters for the crew on one of the worst, the Julia, on a whaling cruise in the South Pacific, were described by Herman Melville as bad enough already, without the additional misery that

			we had not the undisputed possession of them. Myriads of cockroaches, and regiments of rats, disputed the place with us … it is almost impossible to get rid of them … the vermin seem to take possession, the sailors being mere tenants by sufferance … [in] the Julia, these creatures [the cockroaches] never had such free and easy times as they did in her crazy old hull; every chink and cranny swarmed with them; they did not live among you, but you among them … [The rats were] tame as Trenck’s mouse, they stood in their holes peering at you like old grandfathers in a doorway. Often they darted in upon us at mealtimes, and nibbled our food.51 

			Fumigation was difficult and not always successful. The complex internal structure of ships ensured that many air pockets small enough to protect hidden rodents could be missed by the fumes. Worse, it was also downright dangerous to the crew. One American whaler was suffocated in Russell in the Bay of Islands (northern North Island) while his ship was being fumigated for rats.52 In the early 1800s, the first overseas visitors to the Bay of Islands were ships like these, whalers and traders calling in to New Zealand to barter muskets for fresh water, potatoes and pigs.53

			Norhap01 in the Bay of Islands, c. 1800

			Given the European origins and destinations of most nineteenth-century trading goods, and the amount of shipping that passed between Port Jackson and Russell, the North Island’s main port,54 a high proportion of the many ships from Britain engaged in trans-Tasman trade at that time were likely to have carried Norhap01. The invasion of the North Island by European rats from Sydney was inevitable.

			Remains of mummified rats have been recovered from underfloor and ceiling spaces of precolonial buildings in the Bay of Islands, including the old school room in the Stone Store at Kerikeri, and in Pompallier House in Russell. Charles Darwin himself observed them there in 1835, and regretfully ‘owned them my countrymen’.55 Definite observations of Norway rats then increased rapidly, and they had established widespread populations around human settlements by the 1870s.

			CasNZ.1–6 in southern New Zealand after 1792

			For political rather than biological reasons, house mice reached the South Island first, well before they got to the North. Moreover, the genetics of house mice in the far south is still completely different from that of mice in the north. To understand why, we have to review some relevant information about precolonial politics and economics.

			Historical ports on the route between Britain, India, the East Indies and China (Bombay, Calcutta, Batavia and Canton) were part of an extensive late eighteenth-century trading network between Europe and the Far East. The English East India Company (EIC) had been established in 1600 to pursue trade in the East Indies under a monopoly charter, but over time it concentrated on India and China.56 Part of the official justification for the proposal to establish Port Jackson, made to the British Government in 1783, was to ‘enter into a commerce that would render our trade to China … very favourable’ (i.e. in competition with American ships that were much further from their home ports).57 The EIC strongly resisted that idea, because it fiercely guarded its monopoly on south-western Pacific shipping, to protect its lucrative trade in China tea.

			Navigating heavily laden sailing ships in a poorly charted, remote and stormy sea was a hazardous business, so Port Jackson was the first and critically important safe port of call in the South Pacific. It developed into a provisioning and repair centre, visited by most ships passing to and from Europe via the Cape of Good Hope and the southern Indian Ocean (Figure 1).
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			Figure 1: The premier position of Port Jackson and its most important trading links are well illustrated in this map.

			Note the absence of any recognised route from China direct to New Zealand. N.B. The fur market that attracted the sealskin trade was conducted out of Canton, not Shanghai. 

			Source: J. McAloon, ‘Resource frontiers, environment and settler capitalism, 1769–1860’, in Making a New Land, ed. E. Pawson and T. Brooking (Dunedin: Otago University Press, 2013), 73. 

			For half a century from the establishment of Sydney in 1788 to the Treaty of Waitangi in 1840, control of New Zealand affairs was in the hands of the Governors of New South Wales. Political and economic restraints, and market prices offered by trading partners, set limits on when and from where visiting ships came, and what they could carry in or out.

			Philip King (Governor of New South Wales 1800–6) was obliged to defend the trading monopoly of the EIC against foreign transgression.58 The EIC gave King a ‘frigid rebuff’ to his proposal that colonial vessels be built large enough to get to Canton and be permitted to trade directly with China rather than relying on visiting American and British ships.59 Sir Joseph Banks himself supported the ruling, because he thought that the products of the colony should be secured for the mother country rather than sent to a seductive near neighbour, China.60 Transport fees for taking convicts to Port Jackson were paid by the British Government to shipowners on a small commission, but planning the transport arrangements was difficult at first because there was nothing for the ships to take back.61 Eventually, EIC rules were bent in order to allow non-EIC owners of convict ships to make a profit both ways by returning home with a cargo of tea after dropping their ‘live lumber’ in Australia.62 Three of the transports of the First Fleet were under charter to take cargoes of tea from China to London after landing stores and convicts at Port Jackson.63

			The Chinese appetite for luxury fur had only recently become known in the West, since the publication in 1784 describing Cook’s third voyage of 1776–80.64 When this fact was discovered, it soon affected patterns of trade and commercial decisions throughout the Pacific, because until then tea had to be paid for in bullion as the Chinese were not interested in buying Western products. The first to benefit were Boston traders, who saw an opportunity to purchase bulk supplies of tea in Canton, independently of the EIC. From 1788, Boston shipowners established the Golden Round, sending small (under 300 tons) trading vessels to the north-west Pacific coast, trading American goods for sea otter furs, taking them to Canton and returning with a cargo of tea.65 As sea otters declined, the profit from otter furs available in Canton ebbed away (down from US$1 million a year in the 1790s to nothing by 1834). Boston traders in search of goods to sell in Canton turned to fur sealskins collected from southern hemisphere rookeries as they passed on their way to the north-western Pacific coast, and, as those diminished, they combed the Pacific for alternative sources of supply.

			Hence, for Australian entrepreneurs the most attractive commercial opportunities of the 1790s centred around the sealing industry. The market for sealskins in Canton offered rich rewards to independent operators willing to ignore the EIC and work illegally in remote and lawless locations.66 As Robert McNab commented, ‘References to the China market crop up everywhere in the old records’.67 The more enterprising of the Sydney merchants and sealing masters, still hampered by the EIC, quietly commissioned American shipowners to carry their cargoes of furs to Canton (the EIC monopoly did not apply to them).

			Governor King strongly disliked foreigners, and was offended by their collusion with local merchants to circumvent the regulations. In 1804 he issued a General Order68 forbidding clearance of foreign vessels from Port Jackson for sealing ‘within the limits of this territory’ (i.e. south of 43°39’S).69 This area included all the rich sealing grounds on the southern New Zealand coasts and the subantarctic islands (Figure 2). Further, to prevent the escape of transported convicts, shipbuilding in Sydney was at first totally prohibited. Sydney shipyards only gradually developed the capacity to build ships of up to 200 tons burthen (i.e. the capacity to carry 200 tons of cargo). Governor King’s General Order was simply ignored.

			The first sealing shore gang was landed in Fiordland by Captain William Raven of the Britannia in 1792,70 but few followed them while the Bass Strait sealing sites were so much nearer and more profitable. Only when the Bass Strait rookeries were exhausted did sealers turn to New Zealand.

			Over the seven seasons from 1803 to 1809, sealers based in the safe harbour at Dusky Sound gradually expanded their operations southwards beyond the western fiords to Foveaux Strait and Stewart Island and to the southern islands. The coasts of all three main islands of New Zealand were examined very closely by sealers before 1810.71 The distribution of seal colonies around the Fiordland and Stewart Island coasts is shown in Figure 2.72
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			Figure 2: Present distribution of seal colonies in the South and Stewart Islands.

			Source: Drawn by Llewelyn Richards, from R. Richards, Sealing in the Southern Oceans, 1788–1833 (Wellington: Paremata Press, 2010), 186; Rhys Richards, Murihiku re-viewed: A revised history of Southern New Zealand from 1804 to 1844 (Wellington: Lithographic Services, 1995).

			Since the end of sealing, seal populations have recovered to roughly their former distribution. The line marking the limit of the area forbidden to Sydney-based sealers (south of latitude 43°39’S) passes well north of any place shown here.

			Within a decade, frantic over-harvesting destroyed the rookeries on the southern New Zealand coast and inshore islands as utterly as the Bass Strait ones had been.73 Sealers moved on to the Antipodes Islands (discovered 1800 but not worked until 1804), the Auckland Islands (discovered 1806) and Macquarie Island (discovered 1810).

			The ban on shipbuilding in Sydney, and the labour regulations intended to ensure adequate logistical support for sealing gangs ‘did little to slow the growth of the industry in the New Zealand sealing region, [but] certainly impacted upon the quality of information available for its earliest years’.74 Sydney shipowners could lose both their vessel and their cargo for defying the EIC prohibition against trading with Canton direct, so it is not surprising that official records75 document few such voyages. According to Richards, the number of known sealing voyages recorded in New Zealand waters is only three before 1800, seven before 1805, 36 more until 1810, and 22 up to 1820.76 Yet an analysis by Ling estimated that about a million fur sealskins were taken from New Zealand and the southern islands, 64 per cent of them before 1820, and 91 per cent before 1830, mostly in two short periods, 1804 to 1810 and 1823 to 1827.77 Surely this number of skins could not have been collected by so few known voyages. 

			So, clearly, unknown numbers of sealing voyages to the forbidden area were made in great secrecy, undeclared or at least described under false pretences.78 Published analyses, summarised by the archaeologist Ian D. Smith,79 certainly underestimate the number of them: there were probably many trips to and from Canton that were never recorded. Only those few vessels with an EIC permit, like the Perseverance in 1808, could risk bringing a cargo of China merchandise to Sydney.80 Some illegal voyages avoided official notice at the time but were later exposed by Sydney court records.81 For example, the famous but atypical 1806 delivery by the Nantucket whaler Favorite of 87,000 skins to Canton, mainly from the Antipodes Islands, was a legal voyage, but its cargo was a fraud organised by Sydney trader Simeon Lord to cut his partners Henry Kable and George Underwood out of the profits.82 Lord owned several ships and was experienced in devious dealings, so the Favorite episode may not have been his only attempt to evade the prohibition on direct trade between Sydney and Canton.83 American whalers working in New Zealand waters could continue to do the same. For example, Māori artefacts in the Peabody Museum in New Haven were ‘probably collected … during visits to [the] New Zealand coast en route to or from China’, avoiding Port Jackson.84

			India, a vital trading partner and source of imported food for the early Australasian colonists, was also inhabited by M.m. castaneus mice. Irregular shipping networks also permitted eco-cultural networks linking early (until the 1830s) New Zealand with India, as well as offering opportunities for Māori to travel to and from Asian ports, as entrepreneurs or as crew. Published sources describing these early New Zealand connections with Chinese/Asian biota are few, but the genomics data firmly extend existing historical scholarship, demonstrating that the exotic fauna reaching New Zealand did not come simply from Europe or North America. Rather, the arrival of East Asian rodents is a result of precolonial connections with China and India during the sealing period.85

			Unfortunately for the sealing trade, their window of opportunity was short. Long before the Sydney sealing masters transferred their attention from Bass Strait to New Zealand (1803–4), the prices being paid at the Canton market for fur sealskins were well past the peak of the 1790s. The massive influx of fur sealskins (not all from Australasia) brought in by American ships (569,000 in 1801–2)86 drastically reduced the Canton price, and net profits crashed. For example, in 1802 four ex-convict transports took 11,250 skins from Sydney to Canton, which were sold for only £1,614, less than three shillings a skin.87 

			By the time the export of New Zealand sealskins in large shipments to Canton (direct or indirect) could have begun after 1804, the China route was becoming increasingly less economic than sending the skins to London88—unless, as in the case of the Favorite, sent in large consignments and illegally. Chinese import duties and commissions payable to middlemen89 further reduced the profit on taking skins to Canton, eventually to less than the cost of transport. Sealing continued, with diminishing returns, for another 20 years, but the export of New Zealand sealskins to the China market was diverted to London. Most of the tens of thousands of skins collected after 1811, when sealing became concentrated on the subantarctic islands,90 were sent either by Sydney traders to market in London (for hats), or by Americans still pursuing goods for Canton to exchange for tea to take back to Boston.91 First-hand descriptions of the sealing trade in the southern South Island in 1826–28 by one of very few literate sealers of the period, John Boultbee,92 confirm the existence of chains of sealers’ huts and camps along the Fiordland coast (Figure 2), but do not mention China. Market forces, rather than fear of prosecutions, ended the link between the South Island and China within a decade.

			All of this information confirms that ships did sail north towards China from the southern Pacific, but not by what route they went or came back. So shipping records cannot help explain how mice belonging to the casNZ.1–6 matrilines could make the journey south. The South Island had no organised port facilities at the time, and no residents interested in buying the standard range of Chinese goods bought with the profits from sealskins, so there was almost no potentially profitable return freight for small-scale covert sealing operations returning from Canton. Sydney shipping records93 confirm that even though American whalers and EIC-licensed ships could take sealskins to Canton on contract, most did not return direct to Sydney. They went on to collect cargoes of tea for Europe or North America, or sailed to Asian ports to buy merchandise to sell in Sydney. For example, the Favorite returned from China in 1808 carrying Mr Kable Jr (son of Henry Kable, one of Lord’s partners defrauded by the Favorite affair of 1806)94 via Penang and Fiji.95

			It could be argued that, for lack of evidence of any documented link with the sealing industry, a better scenario could be that Asian rodents did not arrive in New Zealand until the mid-1850s with Chinese traders. By that time, ships were delivering cargoes of tea and silk to Canterbury direct from China,96 or after 1866, with Chinese gold miners to Dunedin.97 Certainly, Asian mice could have stowed away among the Chinese goods imported by the dozens of storekeepers established in Christchurch and in the various Otago and Westland goldfield communities. The main argument against this idea is that, although the distribution of casNZ matrilines in Otago roughly coincides with that of the goldfields, they are absent both from Canterbury and from the Westland goldfields. Many Chinese storekeepers imported goods direct from Canton through Hokitika,98 but mice from Hokitika to Reefton to Franz Josef are all M.m. domesticus.

			Moreover, mice reached the goldfields communities long before the first Cantonese miners arrived in and after 1866. European and Australian pastoralists, farmers and ex-whalers had explored and settled the back country of Southland and Otago from the mid-1850s onwards, repeatedly importing supplies, stock, forage and grass seed from Australia for more than a decade before the gold rush.99 Contemporary reports remove any doubt that mice were already resident in most of the southern South Island by the early 1860s. For example, in July 1863, about 2,000 miners were working along a 14-mile (22 km) stretch of the Clutha River where, according to a contemporary report, one digger caught 700 mice in three months.100 By the winter of 1864, a digger writing from the Shotover River valley diggings near Queenstown reported: ‘We have been overrun with rats and mice lately’.101

			DomNZ.1–4 in northern New Zealand after 1821

			Multiple shipments of cargo were carried to Australia by London-based convict ships from 1788 onwards, guaranteeing that west European mice would be established very early in Sydney warehouses. But it was apparently some time before they were able to get across to the Bay of Islands.

			The British ship Fancy visited the Thames area in search of timber for spars in 1793 and 1794, and other vessels visited annually in 1797–1801,102 but after that the most frequent visitors were whalers, who visited for fresh water and to sell muskets, rather than to land crates of unintentionally infested trading goods. Normal commercial trade between Port Jackson and the Bay of Islands was slow to start because it was at first strongly discouraged by the New South Wales Government’s imposition of heavy tariffs and import duties on all products of the South Seas passing through Sydney. Sydney shipowners also stayed away from the Bay of Islands for several years, because the burning of the Boyd and the killing of its crew by local Māori in 1809 led to European reprisals, causing widespread political and social fallout.103 

			In 1819, the Macquarie administration in New South Wales instructed Commissioner John Bigge to conduct an official enquiry into the progress and viability of the Sydney settlement. Bigge’s survey extended into questions about agriculture and potential trade with New Zealand,104 especially the prospects of harvesting and importing flax for rope-making.105 In response to the three Bigge Reports of 1821–23, the tariff barriers dogging colonial shipping were lifted in 1821.

			The changed regulations encouraged a substantial increase in visits by trading ships to the Bay of Islands over the next two decades. Growth in the Māori capacity to supply potatoes and pork made the Bay of Islands an established provisioning depot by 1830. In 1836 alone, 151 whaling and trading vessels visited the Bay of Islands, said Joel Polack, a leading local trader resident there for six years, who would have known better than anyone.106 The whole Kawakawa estuary became lined with stores, marine suppliers (carpenters, blacksmiths and chandlers) and ships at anchor.

			The shipping data tells the story. For example, in 1811–20, only 40 visits by trading ships likely to unload stores and trading goods other than muskets at the Bay of Islands (discounting visiting whalers) were recorded, but the number of visits increased to 88 in 1821–30, and 383 in 1831–40.107 

			The opportunities for shipboard rodents to get ashore increased in proportion with the number of trading ships arriving, adding new cohorts of eager furry colonists to those already established. The best chances of getting ashore were offered by the ships chartered by missionaries and settlers to import livestock, provisions and farming equipment from Britain via Sydney and the Cape of Good Hope. They must also have carried forage for the stock, which would have provided plenty of food and cover for shipboard rodents. According to one estimate,108 ships carrying livestock and forage had about a 50 per cent chance of being infested with stowaway mice.

			Mice certainly came to the Bay of Islands via Sydney, but probably not until the 1820s. Mice were not reported in the Bay of Islands by the local informants questioned during Commissioner Bigge’s official enquiry in 1819,109 but they were noticed there by the Revd Henry Williams in the 1830s,110 and their descendants all belong to the west European subspecies. A contemporary source reports that ‘The natives … assign to the missionaries the credit of introducing mice’.111

			Between 1840 and 1870, many new ports were established in the central regions of New Zealand to receive European settlers and their goods (Whangarei, Whakatane, Napier, New Plymouth, Wanganui, Wellington, Nelson, Picton, Lyttelton, Hokitika and Westport), as fully discussed in the standard historical literature. All of these towns are occupied by M.m. domesticus except Wellington, which also has an isolated population of mice with Asian affinities, and Wanganui and Westport, which have not yet been sampled. The late arrival of mice at these entry points helps to explain why mice were not observed at inland locations of the North Island until the 1840s–50s. The missionary Richard Taylor112 reported seeing a mouse for the first time ever in New Zealand at his house near Wanganui in about 1844. The surveyor John Rochfort113 found a house ‘swarming with mice’ at Moutoa (46 km from the mouth of the Manawatu River) in 1852. By the late 1840s, a Wellington newspaper reported that mice were damaging books in the Mechanics’ Institute library.114

			Norhap02 in the South Island

			The many sealers who worked in Fiordland over the first 30 years of the 1800s built a string of huts and base camps.115 Their repeated visits, especially to Dusky Sound (Figure 2) helped to distribute Norway rats all around the coast and inshore islands, which remained infested with them for decades.116 For example, in April 1826, Boultbee reached Dusky Bay at sunset, where ‘we slept in spite of the rats’.117 Throughout the nineteenth century, Norway rats continued to take over the South Island in uncountable numbers, and also scores of New Zealand offshore islands including Campbell, Raoul and Chatham.118

			Rats set back human endeavours in ways clearly described by contemporary observers. For example, in 1840, an attempt to establish a farm in Canterbury was abandoned after numberless rats attacked the harvested crops.119 In Otago in 1878, Robert Gillies commented:

			Wherever you pitched your camp away in the wilderness, where never human foot before trod, there rats would be as abundant as near the settlers’ homes … in the Taieri Plain near Otohiro in the year 1852 [I saw] rats running here and there in all directions from the horse’s feet. When a new settler settled anywhere alone … the rats … stole everything from him … [and when camping] we got so accustomed to the rats that we never felt inconvenienced by feeling them running … even on top of us as we lay in bed. So tame were they that when the candle was lit in the tent they would come peering in at the door or under the curtain looking at you straight in the face with their earnest sharp gaze, and would only go when you shied something at them.120

			In 1887 Andreas Reischek had to battle against the rats around his hut at Fisherman’s Bay, Chalky Sound in Fiordland:

			At night they kept me awake with their noise, knocking things down from the walls, gnawing at my stores and digging holes round the hut. They dug up the potatoes in the garden and dragged them away … they used to gnaw our books before our very eyes … these rats are the great enemies of birds, and any bird living or breeding near the ground has but a small chance of existing. They play havoc alike with eggs and young, and even attack the parent birds.121

			So far, not surprising. But there is a puzzle here. The first Norway rats to arrive in Fiordland disembarked from Cook’s ship in Dusky Sound, so must have belonged to the European strain, Norhap01. So why are the 16 rats sampled by Russell’s team from the South Island now descended from the completely different strain, Norhap02?

			It seems most likely that both were once there together, as they still are on Stewart Island.122 The early explorers like Cook, Kent and others sought shelter in inland coves like Pickersgill Harbour, where Norhap01 could easily reach the mainland; sealers no doubt did the same, and also set up huts and camps near the offshore seal rookeries, thereby adding Norhap02 to many islands. Both haplotypes had every opportunity to reach the Fiordland mainland and, since Norway rats are such good swimmers, both certainly spread widely among the inshore islands. Norhap02 was also distributed eastwards further around the Southland and Otago coasts by sealers exploring for new rookeries, and spread northwards through open country and urban habitats from there. The two Norway rats from the South Island (from Christchurch and Timaru) whose nuclear genomes have been analysed show complex mixed ancestry including both European and Asian elements, though further sampling and analyses will be needed on this population.123 Their mitochondrial DNA is more likely to show the original group that colonised the area.

			Unfortunately for Norway rats, the forest of western Fiordland is dominated by the southern beeches, Nothofagaceӕ, with little understorey of fruiting shrubs. Beech forests produce a massive crop of seed every few years, a habit called masting, followed by population irruptions of seed-eating fauna and their predators. In the summer after a mast year, a short period of heavy predation greatly accelerates mortality of forest fauna, both native and introduced.124 By the time stoats and ship rats arrived in the early 1890s, the formerly abundant ground fauna was exhausted, and the limited climbing ability of Norway rats made foraging in the trees uneconomic for them. Ship rats and stoats are both agile climbers, so could easily hunt the surviving arboreal fauna. Repeated episodes of heavy predation linked to the masting cycle then made Norway rat populations unsustainable in beech forest habitats.125 

			Towards the end of the nineteenth century in the South Island, astute explorers and surveyors like Charles Douglas began to notice an unexpected change in the rampant rat populations of the bush. While engaged in surveying work in the valley of the Waiho River in Westland in 1893, he reported: ‘The Norwegian rat … which swarmed in the country at one time, is now becoming extinct from some cause or other.’126

			Norway rats disappeared from Resolution Island in Fiordland after stoats arrived in 1900,127 but not from Stewart Island, which stoats never reached. Smaller islands are often visited by swimming stoats,128 but when the limited stock of easy prey on a small island is exhausted, stoats never make more efforts to hunt down the survivors, they just swim away. Even Breaksea Island in Fiordland (170 ha) is too small to host a permanent stoat population, so any stoat visit there would have been temporary only, and the remaining Norhap02 survived until exterminated in 1986.129

			Norway rats are now much less common in all New Zealand forests than they once were, and are practically absent from south-western Fiordland. James Russell processed two rats from Breaksea Island (166°E longitude), but tried in vain to locate samples from anywhere else in the south-west.130 Further east, and outside the thick beech forests, Norway rats can and do retain their former abundance in urban sewers and rubbish dumps. Russell’s 14 other Norway rat specimens from the South Island all came from east of 170°E longitude.

			Commensal rodents in early Port Jackson

			Systematic genetic work confirms that contemporary animals always carry detectable traces of their colonising ancestors. In the North Island, there is no doubt that European mice and rats colonised the Bay of Islands from Britain and America via Port Jackson. The origins of the commonest commensal rodents in the North Island need no further explanation. But the story in the South Island is different. If any eastern rodents also reached New Zealand via Port Jackson, there should be traces of eastern ancestry among their descendants in Sydney.

			We have previously131 pointed out the value of targeted sampling in the historical Sydney port region, followed by further genetic analysis of the local rodents. An opportunity arose to test that suggestion, after the Sydney Cove Authority gave us permission to analyse DNA samples extracted from rodent bones preserved in nineteenth-century archaeological sites. The Authority had conducted a well-organised excavation of The Rocks area between May 1994 and October 1996.132 With the cooperation of Wayne Johnson from Place Management NSW, we collected 120 historical samples of rodent bones from the excavation’s archive, mostly dating to between 1850 and 1900. Of these, 38 rat samples and seven mouse samples were successfully amplified for mitochondrial DNA analysis.133

			The seven historical samples of mouse bones from The Rocks were all M.m. domesticus, similar to those common in northern New Zealand. None of them had any trace of the eastern subspecies M.m. castaneus ancestry, which is widespread in southern New Zealand. A previous survey sampling mice from throughout Australia came to the same conclusion.134 Likewise, all the historical bones of Norway rats from the excavations belonged to the same lineage (Norhap01) most common in northern New Zealand. No rats of haplotype Norhap02 found in southern New Zealand have so far been found in Sydney.

			Rats as historians

			Documentary archives confirm that, thanks to the EIC monopoly, trading between Australia or New Zealand and China in the earliest precolonial years was strongly regulated. Foreign ships could be licensed to sail north to Canton to purchase tea, but few are known to have returned south with Chinese cargoes. So, if the ancestors of both Norhap02 and of the Asian subspecies of house mice did not reach coastal Fiordland and Southland by any known legal route, how did they get there?

			When we first reported finding the eastern mouse haplotypes casNZ.1–3 in the South and Chatham Islands, we tentatively suggested that they could have been transported by sealers, hidden in stores landed at sealing camps,135 but admitted the need for further information. A second, much wider survey, adding many more samples from the South Island, detected another three eastern haplotypes (casNZ.3–6), confirming that the arrival of mice with south-eastern affinities was not a single event.136 Indeed, during the sealing boom of 1803–10, such accidental introductions must have been ongoing for several years. But we still had no corroborating evidence.

			Russell et al.’s description of the distribution in New Zealand of the Norhap02, carrying affinities known only from China, concluded that its presence might ‘indicate a non-European origin for R. norvegicus in the South Island of New Zealand, as has also been inferred for introduced mice in the southern South Island’.137 The arrival of Norhap02 in the South and Stewart Islands is consistent with the idea that both Norway rats and house mice travelled with sealers to New Zealand from China in the early 1800s, but the only available documentary records are only circumstantial.

			Now, confirmation is suggested by genetic data, in the light of a closer look at how the early sealing trade was managed. Sealing masters fitting out expeditions to New Zealand had to supply months of provisions for their shore gangs, which raised a serious problem. Sydney was the primary legal source of provisions from which the sealers’ stores had to come. But purchasing provisions in Sydney in 1792–1810 was difficult and expensive, and Governor King had made setting up a sealing voyage to the South Island illegal after 1804.

			For a short time during the height of the sealing boom in Fiordland, say 1803–10, there could have been rich rewards to be had for independent sealers working in remote and lawless locations, if their shore-based gangs on the South Island coasts could be kept supplied with provisions. Given the incentive offered, it would be surprising if there were not many small sealing masters, less notorious than Lord, quietly running undeclared return trips to Canton unnoticed, at least while fur prices were high enough to make the trip worth the risk. The EIC monopoly made such voyages illegal at that time, but that did not stop them altogether. As trading conditions changed, these opportunities diminished, and expired by or even before 1820.138 In any case, by 1810, the decline of the Canton market for sealskins closed the direct route from China.

			While the opportunity lasted, the possibility of illegal return cargoes by sealers carrying provisions bought in Canton or Batavia and infested with Chinese rodents is an attractive explanation of how east Asian haplotypes of Norway rats and house mice could have got to the South and Stewart Islands directly. Sealing masters returning secretly with provisions for shore gangs sourced directly from Asian ports, by some undocumented route avoiding Port Jackson, would be careful to leave no documentary evidence. But new technology can now find them out in ways they never thought of. The descendants of the commensal rodents that they accidentally carried to the New Zealand coast have betrayed them.

			Consistent with this hypothesis is the absence from archaeological digs in the oldest wharf area of nineteenth-century Sydney, Port Jackson, of the eastern Norway rat Norhap02. We found six haplotypes in 39 Norway rats, a substantial historical sample, of which one was identical with Norhap01, but none was like the haplotype Norhap02. We found three haplotypes in seven house mice, all belonging to the dominant subspecies established in Australia.139

			The continued presence of west European haplotypes of house mice and Norway rats throughout Australia confirms, as expected, a direct connection between Britain, Sydney and northern New Zealand. Conversely, we found no traces of eastern ancestry in Norway rats or house mice sampled from Port Jackson. Absence of evidence is not evidence of absence, because our samples of mice are small and it remains possible that eastern strains of these or other rodents did arrive in Sydney, but not where we sampled for them, or they did not establish themselves in the face of competitive exclusion from the already resident populations of European house mice thriving there. But so far as our material goes at present, the data are consistent with previous suggestions that (1) New Zealand populations of mice carrying matrilines representing eastern lineages, and (2) at least one haplotype of Norway rats (Norhap02), made their way directly to southern New Zealand from Canton with sealers, bypassing Port Jackson. Both species could travel by the same route, perhaps even on the same ships. Such voyages were illegal at the time, and therefore are not recorded in conventional historical sources. Taken together, these observations lead to a surprising new interpretation of precolonial shipping history, including a previously unknown, clandestine connection with China over about 10–20 years after 1800.

			Conclusion

			Understanding the history of precolonial commercial activity in New Zealand can be greatly advanced by correlated analyses of data from two independent but mutually supportive sources. First, the known movements of European ships have been well recorded in official archives since the mid-eighteenth century. Second, genetic analyses from the descendants of the first European stowaway rodents to make landing often provide independent evidence confirming other records, or, in the absence of any contemporary documentation, suggesting otherwise unknown and illegal shipping activity. To repeat Anne Salmond, ‘When the documents fall silent, history can be a baffling business’.140 Here we have shown that, even when historical documents are silent, commensal rodents can speak.

			Acknowledgements

			Permission to access the historical collections and their accompanying database, and support during the collection of samples, was granted by Place Management NSW (formerly the Sydney Cove Authority). Funding for the genetics analysis was provided by Waikato University’s Strategic Investment Fund, courtesy of Professor Bruce Clarkson. Thanks to Rhys Richards and Jim McAloon for permission to reproduce Figures 1 and 2. Special thanks to James Russell for helpful discussions, and James Beattie and three anonymous referees for helpful comments on the manuscript.

			

			
				
					1	 G. M. Thomson, The naturalisation of animals and plants in New Zealand (Cambridge: Cambridge University Press, 1922), doi.org/10.5962/bhl.title.28093; A. W. Crosby, Ecological Imperialism: The Biological Expansion of Europe (Cambridge: Cambridge University Press, 1986); T. R. Dunlap, Nature and the English Diaspora: Environment and History in the United States, Canada, Australia and New Zealand (Cambridge: Cambridge University Press, 1999); E. Pawson and T. Brooking, eds, Environmental Histories of New Zealand (Melbourne: Oxford University Press, 2002). 

				

				
					2	 A. Salmond, Between Worlds: Early Exchanges between Maori and Europeans 1773–1815 (Auckland: Viking, 1997), 313.

				

				
					3	 E. P. Jones et al., ‘Genetic tracking of mice and other bioproxies to infer human history’, Trends in Genetics 29 (2013): 298–308, doi.org/10.1016/j.tig.2012.11.011.

				

				
					4	 D. W. Förster et al., ‘Molecular insights into the colonization and chromosomal diversification of Madeiran house mice’, Molecular Ecology 18 (2009): 4477–94, doi.org/10.1111/j.1365-294X.2009.04344.x.

				

				
					5	 E. P. Jones and J. B. Searle, ‘Differing Y chromosome versus mitochondrial DNA ancestry, phylogeography, and introgression in the house mouse’, Biological Journal of the Linnean Society 115 (2015): 348–61, doi.org/10.1111/bij.12522.

				

				
					6	 R. McNab, ed., Historical Records of New Zealand, vol. 1 (Wellington: Government Printer, 1908).

				

				
					7	 J. McAloon, ‘Resource frontiers, environment and settler capitalism, 1769–1860’, in Making a New Land, ed. E. Pawson and T. Brooking (Dunedin: Otago University Press, 2013), 70–85.

				

				
					8	 C. M. King, ‘How genetics, history and geography limit potential explanations of invasions by house mice Mus musculus in New Zealand’, Biological Invasions 18, no. 6 (2016), doi.org/10.1007/s10530-016-1099-0.

				

				
					9	 S. Jones, The Language of the Genes, 2nd ed. (New York: HarperCollins, 2000).

				

				
					10	 B. Sykes, The Seven Daughters of Eve (London: Bantam, 2001).

				

				
					11	 J. Endersby, A Guinea Pig’s History of Biology (London: Heinemann, 2007).

				

				
					12	 A. J. Veale, J. C. Russell and C. M. King, ‘The genomic ancestry, landscape genetics and invasion history of introduced mice in New Zealand’, Royal Society Open Science 5 (2018), doi.org/10.1098/rsos.170879.

				

				
					13	 F. Bonhomme and J. B. Searle, ‘House mouse phylogeography’, in Evolution of the house mouse, ed. M. Macholán et al. (Cambridge: Cambridge University Press, 2012), 278–96, doi.org/10.1017/CBO9781139044547.013.

				

				
					14	 E. E. Puckett et al., ‘Global population divergence and admixture of the brown rat (Rattus norvegicus)’, Proceedings of the Royal Society B-Biological Sciences 283, no. 1841 (2016), doi.org/10.1098/rspb.2016.1762.

				

				
					15	 J. M. Wilmshurst et al., ‘Dating the late prehistoric dispersal of Polynesians to New Zealand using the commensal Pacific rat’, Proceedings of the National Academy of Sciences of the United States of America 105, no. 22 (2008): 7676–80, doi.org/10.1073/pnas.0801507105.

				

				
					16	 K. West et al., ‘The Pacific Rat Race to Easter Island: Tracking the Prehistoric Dispersal of Rattus exulans Using Ancient Mitochondrial Genomes’, Frontiers in Ecology and Evolution 5 (2017): 52, doi.org/10.3389/fevo.2017.00052.

				

				
					17	 J. M. Wilmshurst and W. A. Ruscoe, ‘Family Muridae: Rattus exulans’, in The Handbook of New Zealand Mammals, 3rd ed., ed. C. M. King and D. M. Forsyth (Melbourne: CSIRO Publishing, 2021), 161–240.

				

				
					18	 J. C. Russell, J. H. Robins and R. M. Fewster, ‘Phylogeography of invasive rats in New Zealand’, Frontiers in Ecology and Evolution 7 (2019), doi.org/10.3389/fevo.2019.00048.

				

				
					19	 M. Z. Haniza et al., ‘Large-scale structure of brown rat (Rattus norvegicus) populations in England: Effects on rodenticide resistance’, PeerJ Life & Environment 3(e1458) (2015), doi.org/10.7717/peerj.1458.

				

				
					20	 Puckett et al., ‘Global population divergence and admixture of the brown rat (Rattus norvegicus)’.

				

				
					21	 J. C. Russell and J. G. Innes, ‘Family Muridae: Rattus norvegicus’, in The Handbook of New Zealand Mammals, ed. King and Forsyth.

				

				
					22	 J. Liu et al., ‘Genetic analysis of hantaviruses and their rodent hosts in central-south China’, Virus Research 163, no. 2 (2012): 439–47, doi.org/10.1016/j.virusres.2011.11.006.

				

				
					23	 Puckett et al., ‘Global population divergence and admixture of the brown rat (Rattus norvegicus)’.

				

				
					24	 Bonhomme and Searle, ‘House mouse phylogeography’.

				

				
					25	 E. C. Murphy and H. W. Nathan, ‘Family Muridae: Mus musculus’, in The Handbook of New Zealand Mammals, ed. King and Forsyth.

				

				
					26	 C. King et al., ‘What can the geographic distribution of mtDNA haplotypes tell us about the invasion of New Zealand by house mice Mus musculus?’, Biological invasions 18, no. 6 (2016): 1551–65, doi.org/10.1007/s10530-016-1100-y.

				

				
					27	 J. B. Searle et al., ‘Of mice and (Viking?) men: Phylogeography of British and Irish house mice’, Proceedings of the Royal Society B 276 (2009): 201–7, doi.org/10.1098/rspb.2008.0958.

				

				
					28	 E. P. Jones et al., ‘The expansion of the house mouse into north-western Europe’, Journal of Zoology 283 (2011): 257–68, doi.org/10.1111/j.1469-7998.2010.00767.x.

				

				
					29	 S. I. Gabriel et al., ‘Of Mice and “Convicts”: Origin of the Australian House Mouse, Mus musculus’, PLOS ONE 6, no. 12 (2011): 1–6, doi.org/10.1371/journal.pone.0028622.

				

				
					30	 Veale, Russell and King, ‘The genomic ancestry, landscape genetics and invasion history of introduced mice in New Zealand’.

				

				
					31	 H. Rajabi-Maham et al., ‘The south-eastern house mouse Mus musculus castaneus (Rodentia: Muridae) is a polytypic subspecies’, Biological Journal of the Linnean Society 107 (2012): 295–306, doi.org/10.1111/j.1095-8312.2012.01957.x; Meidong Jing et al., ‘Phylogeography of Chinese house mice (Mus musculus musculus/castaneus): Distribution, routes of colonization and geographic regions of hybridization’, Molecular Ecology 23 (2014): 4387–405, doi.org/10.1111/mec.12873.

				

				
					32	 I. N. Church, Opening the Manifest on Otago’s Infant Years: Shipping Arrivals and Departures, Otago Harbour and Coast 1770–1860 (Dunedin: Otago Heritage Books, 2002); I. N. Church (general ed.), Gaining a Foothold: Historical Records of Otago’s Eastern Coast, 1770–1839 (Dunedin: Friends of the Hocken Collections, 2008).

				

				
					33	 King, ‘How genetics, history and geography limit potential explanations of invasions by house mice Mus musculus in New Zealand’; J. Beattie, ‘Biota Barons, “Neo-Eurasias”, and Indian–New Zealand Informal Eco-Cultural Networks, 1830s–1870s’, Global Environment 13, no. 1 (2020): 134–65, doi.org/10.3197/ge.2020.130105.

				

				
					34	 Puckett et al., ‘Global population divergence and admixture of the brown rat (Rattus norvegicus)’.

				

				
					35	 P. Frankopan, The Silk Roads: A New History of the World (London: Bloomsbury, 2015).

				

				
					36	 S. Harris and D. W. Yalden, eds, Mammals of the British Isles: Handbook, 4th ed. (Southampton: The Mammal Society, 2008).

				

				
					37	 S. Foster et al., ‘Tree-climbing capabilities of Norway and ship rats’, New Zealand Journal of Zoology 38 (2011): 285–96, doi.org/10.1080/03014223.2011.599400.

				

				
					38	 J. C. Russell and M. N. Clout, ‘Modelling the distribution and interaction of introduced rodents on New Zealand offshore islands’, Global Ecology and Biogeography 13 (2004): 497–507, doi.org/10.1111/j.1466-822X.2004.00124.x.

				

				
					39	 J. C. Beaglehole, ed., The Journals of Captain James Cook on his Voyages of Discovery, vol. 1: The Voyage of the Endeavour 1768–1771 (Cambridge: Cambridge University Press for the Hakluyt Society, 1955), 235.

				

				
					40	 J. C. Beaglehole, ed., The Journals of Captain James Cook on his Voyages of Discovery, vol. 2: The Voyage of the Resolution and Adventure 1772–1775 (Cambridge: Cambridge University Press for the Hakluyt Society, 1961).

				

				
					41	 A. Sparrman, A Voyage Round the World with Captain James Cook in H.M.S. Resolution (London: Robert Hale, [1953]).

				

				
					42	 J. R. H. Andrews, The Southern Ark: Zoological Discovery in New Zealand, 1769–1900 (Auckland: Century Hutchinson NZ, 1986), 27.

				

				
					43	 A. C. Begg and N. C. Begg, Port Preservation (Christchurch: Whitcombe & Tombs, 1973), 278.

				

				
					44	 J. C. Russell, D. R. Towns and M. N. Clout, ‘Review of rat invasion biology: Implications for island biosecurity’, Science for Conservation 286 (2008): 1–53.

				

				
					45	 Begg and Begg, Port Preservation, 310–39.

				

				
					46	 A. Reischek, Yesterdays in Maoriland (Auckland: Wilson and Horton, 1930); C. E. Douglas, ‘On the Westland Alps’, Appendices to the Journal of the New Zealand House of Representatives C1 30 (Wellington: Government Printer, 1894).

				

				
					47	 W. Stolzenburg, Rat Island: Predators in Paradise and the world’s greatest wildlife rescue (New York: Bloomsbury, 2011).

				

				
					48	 T. Keneally, The Commonwealth of Thieves (London: Chatto & Windus, 2006).

				

				
					49	 McNab, Historical Records of New Zealand, 1:108.

				

				
					50	 N. A. M. Rodger, The Wooden World: An Anatomy of the Georgian Navy (London: Fontana, 1998), 53. An interesting point could be made that the ships were being gnawed by rats above the waterline and in the hull, and by marine wood borer beneath the surface. C. Rayes, J. Beattie and I. Duggan, ‘Boring Through History: An Environmental History of the Extent, Impact and Management of Marine Woodborers in a Global and Local Context, 500 BCE to 1930s CE’, Environment & History 21, no. 4 (2015): 477–512, doi.org/10.3197/096734015X14414683716163.

				

				
					51	 H. Melville, Omoo: A Narrative of Adventures in the South Seas (London: John Murray, 1847). Baron Friedrich von der Trenck was an imprisoned Prussian military officer who had a tame mouse as a companion.

				

				
					52	 R. Wolfe, Kororareka: Hell-hole of the Pacific (Auckland: Penguin, 2005), 185.

				

				
					53	 Ibid.

				

				
					54	 J. S. Cumpston, Shipping arrivals and departures: Sydney, 1788–1825 (Canberra: Roebuck Society, 1977); R. Richards and J. Chisholm, Bay of Islands Shipping Arrivals and Departures 1803–1840 (Wellington: Paremata Press, 1992).

				

				
					55	 C. Darwin, Journal of Researches into the Natural History and Geology of the Countries Visited during the Voyage of H.M.S. Beagle Round the World, under the Command of Captain Fitz Roy, R.N. (reprinted from 1860 ed.) (London: Folio Society, 2003), 426–7, doi.org/10.5962/bhl.title.34262.

				

				
					56	 P. A. van Dyke, The Canton Trade: Life and Enterprise on the China Coast, 1700–1845 (Hong Kong: Hong Kong University Press, 2005).

				

				
					57	 McNab, Historical Records of New Zealand, 1:38.

				

				
					58	 J. O. C. Ross, William Stewart: Sealing captain, trader and speculator (Canberra: Roebuck Society, 1987), 29.

				

				
					59	 D. R. Hainsworth, The Sydney Traders: Simeon Lord and his Contemporaries 1788–1821 (Melbourne: Cassell Australia, 1972), 116–18.

				

				
					60	 C. J. Elder and M. F. Green, ‘New Zealand and China’, in New Zealand and China: The Papers of the Twenty-first Foreign Policy School 1986, ed. A. Trotter (Dunedin: University of Otago, 1986), 17.

				

				
					61	 Church, Opening the Manifest on Otago’s Infant Years.

				

				
					62	 R. Richards, Sealing in the Southern Oceans, 1788–1833 (Wellington: Paremata Press, 2010), 174.

				

				
					63	 McNab, Historical Records of New Zealand, 1:xii.

				

				
					64	 J. C. Beaglehole, ed., The Journals of Captain James Cook on his Voyages of Discovery, vol. 3: The Voyage of the Resolution and Discovery, 1776–1780 (Cambridge: Cambridge University Press for the Hakluyt Society, 1967), doi.org/10.4324/9781315086149-1.

				

				
					65	 J. R. Gibson, Otter skins, Boston ships, and China goods: The maritime fur trade of the Northwest Coast, 1785–1841 (Seattle: University of Washington Press, 1992), doi.org/10.2307/j.ctt804t3.

				

				
					66	 Richards, Sealing in the Southern Oceans, 1788–1833.

				

				
					67	 R. McNab, Murihiku and the Southern Islands, 2nd ed. (Auckland: Wilson & Horton, 1907), 47.

				

				
					68	 Ross, William Stewart: Sealing captain, trader and speculator, 29.

				

				
					69	 Richards, Sealing in the Southern Oceans, 1788–1833, 177.

				

				
					70	 R. McNab, ed., Historical Records of New Zealand, vol. 2 (Wellington: Government Printer, 1914), 512.

				

				
					71	 Richards, Sealing in the Southern Oceans, 1788–1833, 188.

				

				
					72	 Ibid., 186; I. W. G. Smith, The New Zealand sealing industry: History, archaeology, and heritage management (Wellington: Department of Conservation, 2002).

				

				
					73	 Ross, William Stewart: Sealing captain, trader and speculator, 97–8.

				

				
					74	 Smith, The New Zealand sealing industry, 6.

				

				
					75	 Ibid., 30.

				

				
					76	 Richards, Sealing in the Southern Oceans, 1788–1833, 183.

				

				
					77	 J. K. Ling, ‘Exploitation of fur seals and sea lions from Australian, New Zealand and adjacent subantarctic islands during the eighteenth, nineteenth and twentieth centuries’, Australian Zoologist 31, no. 2 (1999): 323–50, doi.org/10.7882/AZ.1999.036.

				

				
					78	 Ross, William Stewart: Sealing captain, trader and speculator.

				

				
					79	 Smith, The New Zealand sealing industry, Appendix 2.

				

				
					80	 R. M. Fowler, The Furneaux Group, Bass Strait: A History (Canberra: Roebuck Society, 1980), 112.

				

				
					81	 Ross, William Stewart: Sealing captain, trader and speculator, 44.

				

				
					82	 Hainsworth, The Sydney Traders: Simeon Lord and his contemporaries; Ross, William Stewart: Sealing captain, trader and speculator, 51.

				

				
					83	 Hainsworth, The Sydney Traders: Simeon Lord and his contemporaries, 221.

				

				
					84	 Salmond, Between Worlds: Early Exchanges between Maori and Europeans 1773–1815, 316.

				

				
					85	 Beattie, ‘Biota Barons, “Neo-Eurasias”, and Indian–New Zealand Informal Eco-Cultural Networks’.

				

				
					86	 Gibson, Otter skins, Boston ships, and China goods, 202.

				

				
					87	 Hainsworth, The Sydney Traders: Simeon Lord and his contemporaries, 148.

				

				
					88	 Ibid., 149.

				

				
					89	 van Dyke, The Canton Trade: Life and Enterprise on the China Coast, 1700–1845.

				

				
					90	 R. Richards, ‘New market evidence on the depletion of southern fur seals: 1788–1833’, New Zealand Journal of Zoology 30 (2003): 1–9, doi.org/10.1080/03014223.2003.9518318.

				

				
					91	 Gibson, Otter skins, Boston ships, and China goods, 241.

				

				
					92	 A. C. Begg and N. C. Begg, The World of John Boultbee: Including an account of sealing in Australia and New Zealand (Christchurch: Whitcoulls, 1979), 142.

				

				
					93	 Cumpston, Shipping arrivals and departures: Sydney, 1788–1825.

				

				
					94	 Ross, William Stewart: Sealing captain, trader and speculator, 51.

				

				
					95	 Cumpston, Shipping arrivals and departures: Sydney, 1788–1825, 64.

				

				
					96	 S. Eldred-Grigg, White Ghosts, Yellow Peril: China and New Zealand 1790–1950 (Dunedin: Otago University Press, 2014).

				

				
					97	 J. H. M. Salmon, A history of goldmining in New Zealand (Wellington: Government Printer, 1963).

				

				
					98	 J. Bradshaw, Golden Prospects: Chinese on the West Coast of New Zealand (Greymouth: West Coast Historical and Mechanical Society, 2009).

				

				
					99	 F. G. Hall-Jones, Historical Southland (Invercargill: Southland Historical Committee, 1945).

				

				
					100	 Anon., ‘A Journey Up Country. No. II. Tuapeka to Miller’s Flat. Dunstan, 1st July, 1863’, Otago Daily Times, 21 July 1863, 5.

				

				
					101	 Anon., ‘A Gold Digger’s Notes on Otago’, Otago Daily Times, 11 August 1864, 6.

				

				
					102	 McAloon, ‘Resource frontiers, environment and settler capitalism, 1769–1860’.

				

				
					103	 W. Swain, ‘Massacre of Crew of The Boyd’ (1810), in Historical Documents of New Zealand, vol. 1, ed. R. McNab (Wellington: Government Printer, 1908).

				

				
					104	 McNab, Historical Records of New Zealand, 1:448.

				

				
					105	 Hainsworth, The Sydney Traders: Simeon Lord and his contemporaries, 197.

				

				
					106	 S. J. Polack, New Zealand: Being a Narrative of Travels and Adventures during a Residence in that Country between the Years 1831 and 1837, vol. 1 (London: Richard Bentley, 1838).

				

				
					107	 Richards and Chisholm, Bay of Islands Shipping Arrivals and Departures 1803–1840.

				

				
					108	 A. I. M. Baker, ‘Stowaway transport rates of house mice (Mus domesticus) and deermice (Peromyscus maniculatus)’, in Proceedings of the 16th Vertebrate Pest Conference, ed. W. S. Halverson and A. C. Crabb (Davis, CA: University of California, Davis, 1994), 106–12.

				

				
					109	 McNab, Historical Records of New Zealand, 1:453.

				

				
					110	 H. Guthrie-Smith, Tutira: The Story of a New Zealand Sheep Station, 4th ed. (first published 1921) (Wellington: A. H. & A. W. Reed, 1969), 333–4, doi.org/10.5962/bhl.title.23369.

				

				
					111	 R. G. Jameson, New Zealand, South Australia and New South Wales: A record of recent travel in these colonies, with especial reference to emigration and the advantageous employment of labour and capital (London: Smith, Elder & Co., 1842), 336.

				

				
					112	 R. Taylor, Te Ika a Maui, or, New Zealand and its Inhabitants (London: Wertheim and MacIntosh, 1855), 213.

				

				
					113	 J. Rochfort, The Adventures of a Surveyor in New Zealand (London: David Bogue, 1853), 36.

				

				
					114	 Anon., ‘Mechanics’ Institute’, Wellington Independent, 1 July 1848, 3.

				

				
					115	 Begg and Begg, Port Preservation.

				

				
					116	 Russell and Clout, ‘Modelling the distribution and interaction of introduced rodents on New Zealand offshore islands’.

				

				
					117	 Quoted by Begg and Begg, The World of John Boultbee, 157. Begg and Begg comment that this was ‘The earliest reference to the hordes of rats which infested Fiordland … a legacy from the explorer’s vessels and the sealing trade’.

				

				
					118	 Russell and Innes, ‘Family Muridae: Rattus norvegicus’, 134.

				

				
					119	 Thomson, The naturalisation of animals and plants in New Zealand.

				

				
					120	 R. Gillies, ‘Notes on some changes in the fauna of Otago’, Transactions of the New Zealand Institute 10 (1878), 306–22.

				

				
					121	 Reischek, Yesterdays in Maoriland, 251.

				

				
					122	 Russell, Robins and Fewster, ‘Phylogeography of invasive rats in New Zealand’.

				

				
					123	 Puckett et al., ‘Global population divergence and admixture of the brown rat (Rattus norvegicus)’.

				

				
					124	 C. F. J. O’Donnell and S. M. Phillipson, ‘Predicting the incidence of mohua predation from the seedfall, mouse, and predator fluctuations in beech forests’, New Zealand Journal of Zoology 23, no. 3 (1996): 287–93, doi.org/10.1080/03014223.1996.9518087.

				

				
					125	 This is not quite such an ad hoc hypothesis as it may sound. The same explanation has been offered for why the southern subspecies of kokako (Callaeas cinere), a formerly abundant endemic bird, has disappeared from the beech forests of the South Island, but the northern subspecies survives in the non-beech forest of the North Island. See M. N. Clout and J. R. Hay, ‘South Island kokako (Callaeas cinerea cinerea) in Nothofagus forest’, Notornis 28 (1981): 256–9.

				

				
					126	 Douglas, ‘On the Westland Alps’.

				

				
					127	 R. H. Taylor, ‘Distribution and interaction of rodent species in New Zealand’, in Ecology and Control of Rodents in New Zealand Nature Reserves, ed. P. R. Dingwall, I. A. E. Atkinson, and C. Hay (Information Series, 4) (Wellington: Department of Lands and Survey, 1978), 135–41.

				

				
					128	 A. J. Veale, ‘Observations of stoats (Mustela erminea) swimming’, New Zealand Journal of Zoology 40 (2013): 166–69, doi.org/10.1080/03014223.2012.716071.

				

				
					129	 Russell and Innes, ‘Family Muridae: Rattus norvegicus’.

				

				
					130	 Personal communication with the authors.

				

				
					131	 Veale, Russell and King, ‘The genomic ancestry, landscape genetics and invasion history of introduced mice in New Zealand’.

				

				
					132	 M. Kelly, R. Mackay and G. Karskens, Cumberland/Gloucester Streets Site: Archaeological Investigation 1994, vol. I: Executive Summary (Sydney: Sydney Cove Authority, 1996).

				

				
					133	 A. J. Veale et al., ‘Commensal Rodents in 19th Century Australasia: Diversity, Invasion Routes and the China Connection’, Biological Invasions (in press), doi.org/10.21203/rs.3.rs-339763/v1.

				

				
					134	 Gabriel et al., ‘Of Mice and “Convicts”’.

				

				
					135	 J. B. Searle et al., ‘The diverse origins of New Zealand house mice’, Proceedings of the Royal Society B 276 (2009): 209–17, doi.org/10.1098/rspb.2008.0959.

				

				
					136	 King et al., ‘What can the geographic distribution of mtDNA haplotypes tell us about the invasion of New Zealand by house mice Mus musculus?’

				

				
					137	 Russell, Robins and Fewster, ‘Phylogeography of invasive rats in New Zealand’.

				

				
					138	 Hainsworth, The Sydney Traders: Simeon Lord and his contemporaries.

				

				
					139	 Veale et al., ‘Commensal Rodents in 19th Century Australasia: Diversity, Invasion Routes and the China Connection’.

				

				
					140	 Salmond, Between Worlds: Early Exchanges between Maori and Europeans 1773–1815, 313.

				

			

		

	
		
			Shepherds to the subantarctic: The history and legacy of pasture plant introductions on Campbell Island / Motu Ihupuku, 1895–19311

			Karri Horton Hartley

			Department of Botany, University of Otago, Dunedin, New Zealand

			James Beattie

			The Centre for Science in Society, Victoria University of Wellington, Senior Research Associate, History Department, University of Johannesburg, South Africa 

			Janice M. Lord

			Associate Professor, Department of Botany, University of Otago, Dunedin, New Zealand

			
				
					
				
				
					
							
							Abstract

							In this article we explore farmers’ introductions of exotic pastoral species on the subantarctic Campbell Island / Motu Ihupuku, and associated land management techniques, during the three decades of the sheep farming era, 1895–1931. We utilise the historical record and present-day botanical surveys to track the persistence of introduced plants through time, following the failure of the farming venture. Farmers’ accounts give valuable details about the spread of pasture grasses, and the sites and timing of burning and woodcutting, particularly the localised botanical impact around Tucker Cove and north Perseverance Harbour. Accounts by the farm run manager, Robert Hurrey in 1904 of the presence and condition of introduced pasture grass species, cocksfoot (Dactylis glomerata) and Yorkshire fog (Holcus lanatus) represent some of the earliest reliable records of these species on Motu Ihupuku. These early observations predate the scientific examination of introduced pasture grasses and represent an underutilised historical resource, delivering an important contribution to understanding the establishment, spread and impact of introduced plant species on the subantarctic landscape over time. Accurate non-scientific sources have great potential to provide a more detailed and precise record of human modification of the subantarctic vegetation.
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			Introduction

			People’s knowledge, understanding and use of plant resources are not limited to scientists. Documenting the botanical awareness of non-scientists is central to developing more inclusive accounts of plants and people, and represents a democratisation of knowledge. For example, Londa Schiebinger has used botanical studies to highlight the historically suppressed knowledge of dispossessed peoples in the Atlantic world.2 Historical sources and forms of knowledge include cultural botany, ethnobotany, past accounts of plants and their uses, photographs, drawings, oral history and interviews. Such accounts are valuable sources of information to allow comprehensive reconstructions of vegetation history. Botanical knowledge thus includes a range of voices, stories and experiences that must be considered together to document the true variety of botanical thought. 

			A diversity of historical sources and voices is especially critical to developing an understanding of the flora of remote, infrequently accessed regions of the world. The subantarctic islands of the southern hemisphere are one such region where early visits and observations were often by non-scientists, who provided a detailed, robust and potentially distinctive understanding of the region’s flora. This article uses Campbell Island / Motu Ihupuku to explore the introduction and relative success of exotic pastoral plants and their associated land management techniques, by farmers, on one subantarctic island during a period of human occupation from 1895 to 1931, the ‘farming era’. We analyse the relationship between farmers and the plants they introduced to the subantarctic, utilising primary sources such as letters and diaries, as well as modern-day fieldwork in this unique World Heritage Area. We track the persistence of introduced plants through time, and their impact on the native vegetation, following the failure and abandonment of the ultimately uneconomic farming enterprise in 1931. We focus on records of significant modification of the native vegetation and plant introductions through human activity, such as accounts of burning and woodcutting, the introduction of pasture grasses for sheep grazing, and the impact of farming on the landscape. We also examine the impact of plants on people; for example, how the environmental constraints of the island restricted human desire to establish a grasslands economy based on introduced pasture.3 These accounts cast a spotlight on areas of high human activity in such inhospitable regions, particularly Tucker Cove in Perseverance Harbour, the site of the farming homestead, and base of farming operations, from 1895 to 1931. By highlighting the botanical information contained within these historical sources, we aim to demonstrate their value to our modern-day understanding of subantarctic botany. 

			Motu Ihupuku has a remarkable human history and unique association between people and the environment. An historical narrative of the environmental history of the island, together with five other subantarctic islands, is provided by Bernadette Hince.4 Our specific analysis of botanical introductions by farmers complements her overview of Campbell Island farming and broader environmental history. By applying a botanical lens to primary sources, we offer a detailed understanding of attempts to transform Motu Ihupuku into farmland through the informed introduction of pasture plants well known to farmers, and examine the value of historical farmers’ accounts to modern-day botanical knowledge of the island. The Ngāi Tahu tribe (iwi) are recognised as the original claimants (tāngata whenua) and guardians (kaitiaki) of the Aotearoa / New Zealand subantarctic islands.5 Motu Ihupuku is an eroded volcanic cone, 112.68 km2 in area, and located at 52°32”24’S 169°8”42’E, some 620 km south of Stewart Island / Rakiura and 270 km south-east of the Auckland Islands / Motu Maha / Maungahuka. From the first European encounter with the island in 1810, over the next 140 years it became, by turns, a base for sealing and whaling (1810–1914), an uninhabited site of castaway depots (1867–1929), a place for intensive sheep farming (1895–1931), a strategic location for wartime coastal defence (1941–45), a staffed meteorological station (from 1945), and an internationally recognised nature reserve (from 1954). The island, with peat soils, is characterised by an oceanic climate with cool temperatures, high humidity and strong, salt-laden westerly winds.6 Pre-European vegetation was likely to have been divided into three main zones: a subalpine Dracophyllum longifolium / D. scoparium dwarf forest in sheltered parts of the island; a low alpine zone to 300 m dominated by Chionochloa antarctica snow tussocks, including megaherbs; and the high alpine zone above 300 m, characterised by wet rush herbfield.7 The impact of human activities, particularly farming, has altered the flora to produce a mosaic of almost pristine vegetation, heavily modified vegetation communities dominated by introduced plant species, both induced and reduced vegetation.8 Human activities particularly devastated the low alpine zone, altering the vegetation communities from C. antarctica grasslands to tussock meadows dominated by Poa litorosa tussocks and the unpalatable megaherb Bulbinella rossii (Ross lily, in the Asphodelaceae family).9 There are approximately 128 native vascular plant species on Campbell Island today, including several endemics, as well as approximately 50 introduced plant species.10

			The early Motu Ihupuku vegetation was formally described after several scientific voyages in the nineteenth and twentieth centuries. A full analysis is provided by Eric Godley,11 as well as an overview by Karri Hartley12 in 2018. Systematic descriptions of the flora were produced by the botanists Sir Joseph Dalton Hooker (1817–1911)13 and Leonard Cockayne (1855–1934),14 and the naturalist coastwatchers Robin Langdon Oliver (1921–2001) and John Herman (Jack) Sorensen (1905–1982).15 The naturalist Henri Filhol (1843–1902) produced a detailed description of the island’s botany16 as part of the 1874 French Transit of Venus Expedition, comprising herbarium specimens and a pioneering lichen collection.17 The botanist Robert Malcolm Laing (1865–1941) described the post-farming flora and created the first published list of introduced plant species on Campbell Island during the Philosophical Institute of Canterbury’s subantarctic expedition in 1907.18 In addition to scientific descriptions, non-scientific accounts from the nineteenth century also provide important botanical information, particularly on vegetation descriptions, the introduction of plant species, and the modification of the vegetation by burning or woodcutting. Early farmers’ accounts of the presence and establishment of pasture grass species predate scientific analysis by naturalists in the early twentieth century and represent some of the earliest accounts of these species on Motu Ihupuku. Farmers spent extended time periods on the island, thus producing valuable accounts and insights into the flora.

			Here, we document and analyse the establishment of introduced pasture species and the impact of associated land management techniques undertaken by farmers and leaseholders of the Campbell Island sheep farm, using the historical record. We have endeavoured to include mainly primary sources in the analysis, to demonstrate the importance and value of these records to the modern-day understanding of the flora and to advocate their inclusion in future studies of the changing vegetation on Motu Ihupuku. In addition, fieldwork on the island undertaken by Hartley in 2019 (see the Appendix) documents modern-day introduced species around Tucker Cove and demonstrates the persistence of some exotic species into the present day.

			Sheep farming, 1895–1931

			Shepherds to the subantarctic

			The conversion of native vegetation into grasslands by Europeans for livestock grazing across Aotearoa, during the nineteenth and twentieth centuries, represented a form of empire building, through colonial ‘improvement’ of the landscape. Tom Brooking and Eric Pawson posit that this environmental ‘improvement’ shows landscape as a ‘product of culturally specific ways of seeing’.19 It was, they note, a transformation of the foreign to the familiar, fuelled by a desire for increasing productivity (quantity) of both farm and paddock, and signified the ‘transformative power [of grass] as an agent of imperial expansion’. As they observe, ‘Colonial development could hardly have occurred without grass and clover plants’. New Zealand was viewed as the British Empire’s far-flung farm and ‘grasslands specialist’.20 Through the introduction of ‘English grasses’ from Europe to Aotearoa, it became Britain’s farm, as it later came to supply Britain with wool, meat and dairy products, as well as cultivated grass varieties.21 New Zealand’s subantarctic islands were no exception to what has been termed grasslands ‘totalitarianism’22 and were included in its pastoral lease system in the late 1800s to encourage its burgeoning grazing industry and to convert its ‘unused’ islands into ‘productive’ land.

			Under the terms of leases, one sheep run was offered on Campbell Island and three on the Auckland Islands in November 1894.23 Farming on the latter proved a failure;24 all 2,000 sheep stocked by the leaseholder George Fleming starved, and the farm was abandoned by 1910. Motu Ihupuku saw greater efforts at sheep farming, lasting over 30 years25 from 1895 to 1931. This seemingly incongruous decision to farm an isolated peat-covered island almost 700 km south of New Zealand’s South Island / Te Wai Pounamu was strategic for the government, as the presence of farmers was a distinct display of sovereignty26 and allowed the observation and reporting of any illegal sealing or whaling activities.27 James Gordon (1843–1923) of Gisborne was the first leaseholder (see Table 1), from 1894 to 1900, and stocked approximately 400 sheep on Campbell Island.28 Subantarctic farming proved difficult and costly. Captain William Henry Terry Tucker (1843–1919), also of Gisborne, took over as leaseholder in 1900, when Gordon then aged 57, remained on the island to become Tucker’s island farm manager.  He was not repatriated to New Zealand until 1903.

			Table 1: The farming leaseholders at Campbell Island, 1895–1931.
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							1895–1900

						
							
							James Gordon

						
					

					
							
							1900–1916

						
							
							Captain William Henry Terry Tucker

						
					

					
							
							1916–1921

						
							
							David Murray and John Mathewson
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							Campbell Island Syndicate – John Mathewson and James Patrick

						
					

					
							
							1927–1931. Farm abandoned in 1931.

						
							
							John Warren

						
					

					
							
							Lease forfeit in 1934. Lease expired in 1937.

						
					

				
			

			Source: The authors.

			Sheep were grazed on the native tussock grassland, which was dominated by palatable C. antarctica (Poaceae), and the megaherbs Anisotome antipoda and A. latifolia (Apiaceae), Pleurophyllum criniferum, P. hookeri and P. speciosum (Asteraceae), and Stilbocarpa polaris (syn. Azorella polaris, Araliaceae).29 Exotic pasture grasses were also introduced as sheep feed, with the hope of forming viable pasture.30 Gordon’s records provide insight into the difficultly faced in converting the existing environment to pasture. In correspondence with Tucker, Gordon described the land as being ‘poor quality’ for grazing in 1901 after five years of farming, noting ‘although [the island] bears a large quantity of the coarse tussock it will be some time before [it becomes] good sheep land’. Despite his prognosis, there were encouraging signs, with ‘three different sorts of the finer grasses springing up’ wherever sheep had ‘firmed the ground’.31 Here Gordon demonstrates an awareness of the impact of ruminants on soil and plant distribution. He advised Tucker that the sheep should not be closed off in paddocks on Beeman Hill due to a lack of feed and palatable ‘celery’ (A. latifolia or Campbell Island carrot) on the hill. Despite these limitations, Tucker was undeterred and maintained his lease, importing more than 5,000 sheep32 in 1901–2, as well as building a house, store, woolshed, yards, paddocks and sheep-dip, constructing over 4 miles (6.4 km) of wire fencing33 and employing shepherds.

			Tucker appointed four Shetlanders to manage the farm from 1904 to 1908 (see Figure 1), and sporadically until 1922, as he believed them to be best suited for farm work in Campbell’s inhospitable climate, given their experience of working in the similarly harsh climates and poor soils of their homelands.34 Significant numbers of Shetlanders had emigrated from Scotland to Aotearoa in the 1860s as gold miners, and in the 1870s at the end of the Highland Clearances / Fuadaichean nan Gàidheal (1750–1860). This forced displacement of tenants from Scotland’s Highlands and Western Isles / Gàidhealtachd to convert the land for sheep pastoralism made Highlanders receptive to the offer of assisted passages to New Zealand beginning in 1871, sponsored by the government.35 Located at 60°N, the Shetland Islands were thought to have a similar environment to the subantarctic islands, and it was believed that the Shetlanders would therefore be ‘adapted’ to Motu Ihupuku.36

			Tucker initially approached the Shetlander and solicitor William Sievwright in 1903, who found the idea promising, and reported that, according to Tucker’s somewhat over-optimistic accounts, the island contained plenty of ‘scrub’ for firewood, with wood ‘as thick as one’s arm’ and peat moss, also for fires, as well as an ‘abundance of feed for stock’.37 However, the climate, isolation, infertile soils and lack of regular shipping led to the main group of Shetlanders leaving the island in 1908, after just three years of running the farm, although two were to maintain a sporadic working relationship with the island run until 1922. The government steamer, intended to run every six months to the subantarctic, proved irregular, with no ship approaching the islands for the 18 months from January 1901 to July 1902. Without transport, the shepherds and wool were effectively stranded, leading Tucker to correspond with the Southland Land Board in 1904. Unless the periodical visits were reinstated, he threatened the end of productivity on the island, where ‘nothing remains but to withdraw men and stock and allow the Island to relapse into its former solitude’.38

			[image: Figure 1: Farmers on Campbell Island appointed by the leaseholder, Captain Tucker (in the white hat), to manage the sheep farm (with more than 3,000 sheep), c. 1905]

			Figure 1: Farmers on Campbell Island appointed by the leaseholder, Captain Tucker (in the white hat), to manage the sheep farm (with more than 3,000 sheep), c. 1905. Photograph by Karl Gerstenkorn. 

			Source: Alexander Turnbull Library. 1/2-114160-F, natlib.govt.nz/records/23132383.

			Introduction of exotic grasses (Poaceae) and legumes (Fabaceae)

			The introduction and use of exotic grasses and legumes to form pasture for grazing was common practice across Aotearoa during the nineteenth and twentieth centuries,39 and farming in the subantarctic followed this trend. All of the South Island had been purchased by the Crown for pastoralism in the 25 years after the signing of the Treaty of Waitangi in 1840 (several smaller islands, such as Ruapuke and the TīTī / Muttonbird Islands in Fouveaux Strait / Te Ara a Kiwa remain in Māori ownership). Much of the grazing land was sown with so-called ‘English grasses’40 (an often-inaccurate moniker) such as cocksfoot (Dactylis glomerata), perennial ryegrass (Lolium perenne), Timothy (Phleum pratense) and Yorkshire fog (Holcus lanatus); and pasture legumes such as white clover (Trifolium repens, Fabaceae) and red clover (T. pratense).41 On Banks Peninsula, eastern Canterbury, for example, from 1850 to 1900 native forests were almost entirely felled for timber and the land sown with exotic grasses. The landscape was thus rapidly transformed from closed forest to open grasslands, with the fertile volcanic soils enabling the internationally significant production of grass varieties such as Akaroa cocksfoot.42 Farming in the subantarctic was, however, far from productive, as Tucker’s comments indicate. Farmers had to contend with a variety of environmental and ecological constraints and complexities, including acidic and infertile peat soils, sporadic sunshine, frequent rain, salt-laden winds, seabird nests and marine mammal wallows. Farming practices therefore included significant burning off for the conversion of the denser native vegetation to open grassland. Fires also provided nutrients to the introduced exotic grasses. Farmers routinely cut native vegetation for tracks and firewood to improve the homestead at Tucker Cove.

			Farming archives from Campbell Island include important early accounts of introduced pasture plants. Although there are details of introduced grasses being planted in the nineteenth century to support livestock left on the island for castaways,43 these are general and do not describe the species observed. Tucker monitored the work of the shepherds on Motu Ihupuku in 1903 and 1904, through the work diaries and letters of the run’s respective managers, James Gordon (to 1903) and Robert Hurrey (1904), including observations on the growth of the pasture grasses planted as sheep feed.44 They had many years of experience in sheep farming ventures in New Zealand,45 so their pasture species identifications are reliable. These records are likely to be some of the first records of the introduced species on the island prior to scientific study, and many of the same species have persisted there into modern times. Hurrey’s diary records the presence and condition of several introduced pasture plants by 1904: the grasses Yorkshire fog, cocksfoot and perennial ryegrass, and the legume white clover.46 Prior to 1920, farmers in New Zealand experimented with different combinations of introduced pasture grass species. It was common to sow several varieties of exotic grasses together; the species, such as cocksfoot and perennial ryegrass, grown to complement one another and provide feed for livestock year-round. This practice seems to have been transposed to the subantarctic.

			According to Hurrey, the perennial grass Yorkshire fog grew ‘almost anywhere on the Island’,47 and he observed many of the plants in seed by the time he left Campbell Island (summer–autumn 1904). This exotic grass had become naturalised in New Zealand by 1844, having been introduced from Britain by settlers as a hay grass or possibly a seed contaminant.48 It is characterised by high seed production; by the 1970s it had spread throughout Aotearoa.49 Yorkshire fog tolerates the wet, acidic soils of the subantarctic islands, where it displaces native vegetation.50 By the 1940s, it was recorded as ‘fairly common’ on Motu Ihupuku by Oliver and Sorensen51 and, though noted ‘over most of the island’, was most abundant at Perseverance Harbour.52 Although Cockayne visited the island in winter 1903 and examined the effect of farming on the native species,53 he did not make a list of introduced plants, so Hurrey’s records of pasture grasses and herbs are among the earliest records of these species.

			Hurrey also recorded the perennial grass cocksfoot growing well in ‘some places’, and observed it in seed around the woolshed at Tucker Cove. Cocksfoot, a native of Eurasia and North Africa, was naturalised in New Zealand by 1867 for use as a pasture grass. It has deep roots and must be regularly grazed by stock, or it becomes coarse and unpalatable,54 and it can resprout after physical damage and fire. Historically, cocksfoot was one of the most common perennial grasses grown by New Zealand farmers, often seen in combination with crested dog’s-tail (Cynosurus cistatus), ryegrass and clover.55 On the mainland, Akaroa cocksfoot was developed on Banks Peninsula from European cocksfoot from the 1850s, becoming an internationally significant variety of pasture grass.56 It was not until 1907 that Laing documented Motu Ihupuku’s introduced species as part of the Philosophical Institute of Canterbury’s expedition to the subantarctic, publishing an inventory of adventive species in 1909.57 Cocksfoot was also recorded along the shores and tracks of Tucker Cove by Oliver and Sorensen,58 where it was still grazed by sheep, as well as at Tucker Cove Valley and Camp Cove.59 It was presumed to have been introduced as a pasture grass,60 and Hurrey’s record seems to confirm this fact; his diary represents one of the earliest records of the species on Campbell Island known at present.

			[image: Figure 2: Hurrey’s farm diary entry dated 12 January 1904 (p. 9) includes details of several pasture grass species on Campbell Island that may represent one of the earliest descriptions of these species prior to scientific study by Laing in 1907]

			Figure 2: Hurrey’s farm diary entry dated 12 January 1904 (p. 9) includes details of several pasture grass species on Campbell Island that may represent one of the earliest descriptions of these species prior to scientific study by Laing in 1907. 

			Source: Robert Hurrey to Captain William H. T. Tucker, Campbell Island, 1903-1904, Diary. Personal Archive of Norman Judd, Alexander Turnbull Library.

			Perennial ryegrass did not grow as well as Yorkshire fog and cocksfoot, according to Hurrey,61 with only a small number in seed by late summer. This species has become the most common grass on New Zealand farms in the present day, having been introduced from Britain for pasture and naturalised by 1855. Perennial ryegrass was one of the main species recommended in seed mixtures in the nineteenth century: it has high germination and maturation rates, and can be highly productive.62 Yet early strains proved problematic, with many commercial varieties failing to be truly perennial. From the 1930s, more vigorous strains of L. perenne were developed and used in combination with clover, leading to increases in productivity for Aotearoa’s grasslands.63 However, ryegrass appears to have been unsuccessful on Motu Ihupuku, as modern observations of this plant decrease with time. For example, the plant had ‘apparently died out’64 after 1907 and was not recorded on the island again until 1946. According to coastwatchers’ accounts, by this time L. perenne had become established around the camp and beach track of Tucker Cove, where it was increasing. Sorensen posits the grass may have arrived in packing straw.65 But according to Kerr, ryegrass was sown on Campbell Island in 1894 as part of a farming feasibility study, reported by the member of parliament J. P. Joyce, thus pointing to another possible origin.66 Hurrey’s observations suggest the plant may have never grown well on the island; the acidic soils, perhaps compounded by the plant’s shallow root system, restrict its growth.

			By 1907, Laing of the Philosophical Institute of Canterbury noted the presence of ‘English grasses, cocksfoot, rye, sweet vernal grass [Anthoxanthum odoratum] and Yorkshire fog’67 in localities around the homestead in Tucker Cove, although he concluded they were not found in sufficient numbers to form pasture. A. odoratum, not mentioned by Hurrey, is native to Eurasian grasslands, and was naturalised in Aotearoa in 1855, where it is common on low fertility and acidic soils.68 Oliver and Sorensen recorded the grass growing abundantly at the harbour margins, in sea lion wallows and on sheep tracks on the island.69 At that time, it was still eaten by sheep.

			In 1904 Hurrey observed the forage legume white clover ‘showing in a number of places’ and saw it in flower by the time he left the island. This legume was naturalised in New Zealand in 1864 and can be considered one of the country’s most important pasture plants due to its nitrogen-fixing abilities,70 high palatability and propensity to self-seed.71 It was often used in combination with ryegrass to extend pasture duration. Having both shallow and deep roots allows T. repens to withstand drought and waterlogged soils. On Motu Ihupuku, it was recorded as common and ‘spreading in drier areas’ by Sorensen.72

			Hurrey’s observations were not limited to introduced species; he also noted the increased spread of native grasses due to grazing: ‘in one place the young native grass was fairly well spread over about 1,500 acres’ (about 600 hectares).73 Cockayne corroborated this, visiting in winter 1903 and reporting large quantities of an unidentified small indigenous grass (not tussock grass) in the subalpine region of the island, particularly below the cliffs at the north side of Mount Lyall.74 He learned from the first leaseholder, Gordon, that this native grass was grazed but not destroyed by sheep, meaning it could regrow. These comments were included in Cockayne’s 1903 article,75 demonstrating the value of farmers’ botanical knowledge to scientific studies. The farmers promoted the growth of the finer native grasses for sheep feed.76 It is likely that native grasses may have been more highly valued by farmers on Motu Ihupuku than on mainland Aotearoa, due to the difficulty in successfully establishing exotic grasses in the subantarctic. This contrasted with farmers’ experience in New Zealand, where they viewed native grasses as an intermediary stage before the sowing of introduced pasture, which had a higher ruminant carrying capacity.

			The use of both native and introduced grasses for subantarctic farming adds to the discussion of Aotearoa’s ‘grasslands revolution’77 by providing an insight into a particularly localised farming practice on the country’s outlying islands. The ‘grasslands revolution’78 refers to the exponential increase in pastoral productivity that occurred after the 1919 acquisition of Nauru and subsequent phosphate mining there, enabling the heavy application of superphosphate fertiliser. This high productivity, which saw a 2.5-fold increase in the number of livestock, occurred while the area of farming land remained ‘virtually static’,79 while the area converted to grassland increased by 23 per cent between 1920 and 1966. The introduction of aerial top-dressing in 1949 further boosted productivity. Formerly celebrated as a story of nation-building on a land apparently suited only to grass,80 more recent studies have criticised this view as an oversimplified national narrative that disregarded the reality of soil infertility and the environmental damage caused by grazing, burning and the application of artificial fertilisers.81 The experience of subantarctic sheep farming was in stark contrast to the universal increase in productivity lauded by its exponents. Extensive exotic and highly productive grasslands were a failure on Motu Maha and Ihupuku due to their acidic peat soils and harsh climates. The eventual collapse of farming on the latter by 1931 further challenges this nationalist view by highlighting the local environmental complexities and limitations, the impact of farming on the vegetation and, ultimately, the unsuitability of Campbell Island for agricultural intensification.

			Persistence of exotic grasses and legumes to the present day

			Many exotic grasses and legumes persist on Campbell Island to the present day, and others have become less abundant, following the protection of the island for conservation purposes in 1954. Perennial cocksfoot was noted in more recent expeditions by Colin Meurk.82 Yorkshire fog also continues to spread on the island and has been observed invading swampy fens.83 However, perennial ryegrass was not recorded in later studies by Victor Zotov,84 Godley85 or Meurk.86 The latter suggests that the infertile peat soils, reduced disturbance post-farming, and the replenishment of seed stock may account for its lack of long-term success.87 White clover had become less common by the 1970s.88 By 1994, Meurk observed it commonly at sedge swamp and other eutrophic sites,89 and expressed concern at its infiltration of flushed swamps and grasslands (along with H. lanatus), particularly around the historical pasture sites and habitations. 

			Fieldwork on Campbell Island by Hartley in November 2019 at Tucker Cove found five introduced species at the site (see Table 2), including large patches of flowering and seeding sweet vernal grass (see Figure 3). Although there was insufficient time to conduct a thorough analysis of its abundance, A. odoratum was one of the most dominant exotic grass species present and further demonstrates that some pasture grasses have persisted at this location over time. However, other pasture grasses mentioned by Hurrey, such as Yorkshire fog, were not seen during fieldwork around Tucker Cove in 2019, but time constraints limited the thorough examination and identification of grass species so they may have been present but overlooked, particularly if the plants were not producing flowers or seed heads at the time.

			[image: Figure 3: Sweet vernal grass (Anthoxanthum odoratum, Poaceae) was observed at Tucker Cove during fieldwork in 2019. Top: close-up of immature and mature flower heads; below: the plant growing on site]

			Figure 3: Sweet vernal grass (Anthoxanthum odoratum, Poaceae) was observed at Tucker Cove during fieldwork in 2019.

			Top: close-up of immature and mature flower heads; below: the plant growing on site. 

			Source: Photographs by Karri Hartley, 2019.

			Burning, grazing and woodcutting

			Burning and cutting of the native vegetation were traditional farming practices brought to Aotearoa and its subantarctic islands from Britain and Ireland. Farmers opened the land for sheep by removing the tussock and woody vegetation, which promoted the growth of finer pasture grasses (both native and introduced), and eased mustering on uneven terrain.90 Burning of the Dracophyllum scrub on Campbell Island created a temporary increase in nutrients to support exotic pasture plants, but fertiliser was needed once this was depleted.91 Thorough analysis of primary sources can provide detailed information on the sites and timing of burning, woodcutting and grazing, which can in turn inform understandings of the process and timing of anthropogenic ecological change on the island.

			In contrast, historical use of organic or inorganic fertiliser is less well documented. Alfred Ernest (‘Jerry’) Austin (1898–1973) worked as a shepherd (musterer) on Motu Ihupuku from 1919 to 1921, during Murray and Mathewson’s term as leaseholders, and recorded his experiences in a diary later published as A musterer’s sojourn on Campbell Island.92 It includes myriad references to efforts to convert the land to pasture and modifications to the native vegetation. Every few days, recorded Austin, the musterers would collect firewood by chopping and gathering wood from Dracophyllum scrub, which ‘grew several metres high in sheltered parts of the island’.93 It was ‘a constant chore, often involving the use of a rowboat’ from their homestead at Tucker Cove out to Mount Beeman, Bushy Point, ‘Head of Bay’ and the ‘Frenchman’s Grave’ (Duris Point), concentrated at the northern side of Perseverance Harbour.94 Indeed, Austin’s journal records approximately 80 instances of the collection of firewood, every few days over two years, such as on Monday, 25 October 1920: ‘We have had a day amongst the firewood. Three loads from Frenchman’s Grave (71 bundles) & one load of green wood from back of Beeman.’95

			The shepherds also cut and stacked peat in shelters for winter fuel.96 In 1931, the shepherd Alex Spence of Goodwood, north Otago, working under the leaseholder John Warren and his nephew, Arthur Warren, followed the same routine. They were the last group of farmers on Campbell. Spencer reported regularly cutting wood from a ‘sort of she-oak [casuarina] scrub’ (Dracophyllum) two miles from the homestead inlet (Tucker Cove) and ferrying it back with a punt towed by a dinghy (see Figure 4).97 This group was also responsible for constructing one of the sheep fences running in a north-easterly direction along the length of the island to Garden Cove at the head of Perseverance Harbour, to keep the wethers and ewes separate (at that time there were about 4,500 domesticated sheep, as well as 1,000 wild sheep). Setting fires to burn off tussock to promote the growth of introduced pasture plants and finer native grasses in the paddocks was a common undertaking, as was cutting tracks through native bush and clearing the fence lines of vegetation. Austin’s diary contains an entry from 1920 recording the typical lighting of fires amongst tussock grassland: ‘Roused up sheep & burnt tussock on way home. Our fires extended from mouth of Lake [sic], … to well up on face of Filholl [sic]’.98 This burning and grazing was to have a significant impact on both the native and introduced vegetation.

			[image: Figure 4: A map of Campbell Island made by Alex Spence, musterer on the island from 1929 to 1931. It shows the location of the homestead at Tucker Cove and of the region used for ‘Fire wood’: the Dracophyllum forest from where they conducted woodcutting, collecting timber by boat, along the north coast of Perseverance Harbour]

			Figure 4: A map of Campbell Island made by Alex Spence, musterer on the island from 1929 to 1931.

			It shows the location of the homestead at Tucker Cove and of the region used for ‘Fire wood’: the Dracophyllum forest from where they conducted woodcutting, collecting timber by boat, along the north coast of Perseverance Harbour.

			Source: Alex Spence, ‘A story of the Campbell Islands’, Review: Tussock Grasslands and Mountain Lands Institute 15 (1968): 63.

			Impact of farming on vegetation

			Botanical studies revealed the impact of fire and grazing as early as 1903, when Cockayne visited Campbell Island99 and proclaimed sheep farming ‘an accomplished fact’. The effects were especially concentrated in the southern portion of the island, around the head of Perseverance Harbour, in places such as Tucker and Camp Coves.100 The megaherb P. speciosum was heavily grazed and depleted in the low tussock meadows. Subalpine tussock meadows had undergone the greatest change, according to Cockayne. The tussock grass C. antarctica was ‘eaten right down to [its] base in one year, if the meadow is heavily stocked’,101 with large amounts of B. rossii between the decaying mounds of tussock. Cockayne saw this as a distinct vegetation change due to grazing ‘in the process of evolution’,102 where the reduction in the dominant C. antarctica and Pleurophyllum species would allow palatable plants to increase in number. Burning destroyed the tussock grass and Coprosma shrubs, allowing the growth of new, dense formations of native Acaena minor (Rosaceae), with Epilobium pedunculare (Onagraceae), and Stellaria decipiens (Caryophyllaceae), also abundant, probably regenerating from the soil seed bank. The native fern Polystichum vestitum (Dryopteridaceae) survived the burning and regrew from its root stock, also becoming more abundant. Burning of Dracophyllum scrub decreased its range, according to modern studies.103 Cockayne concluded that grazing and burning were altering both the vegetation communities and species richness, and the ‘plants which stamp the physiognomy of the original formation’104 were no longer present.

			In 1907, during the Philosophical Institute of Canterbury’s expedition to Motu Ihupuku, Laing (see Figure 5) also reported that sheep grazing on lower tussock meadows continued to cause an increase in the abundance of B. rossii and a decrease in that of C. antarctica.105 This was corroborated by later charcoal and pollen analysis.106 The tussock P. litorosa had also increased in range, as had introduced species such as the weedy Acaena anserinifolia (Rosaceae) in highly grazed areas. The increase in Bulbinella abundance was particularly noted by farmers. Austin records ‘grubbing up lilies’107 in the sheep paddocks during 1918–21, stating: ‘The island is … covered with a growth of wild lily in which the sheep do not eat: hence the grubbing.’108 The presence of B. rossii was so widespread by 1910 that, for those less familiar with Campbell Island vegetation, it had the characteristics of an invasive weed. M. McKay, a stock inspector visiting the island to report on instances of sheep scab among the flock to the Ministry of Agriculture, thought as much. He proclaimed:

			There is a weed which they call ‘Bulbinella Rosi’ [sic] growing on the island, which is spreading very rapidly, and appears to be going to over-run the country. The paddocks are simply a mass of it and where it is growing very thick, no other vegetation will thrive.109

			[image: Figure 5: Sheep amongst tussock, 1907, Campbell Island. Sheep farming resulted in a significant change in the vegetation composition, with previously dominant C. antarctica tussock being replaced with P. litorosa, as can be seen in this image, as well as an increase in abundance of unpalatable megaherb B. rossii]

			Figure 5: Sheep amongst tussock, 1907, Campbell Island.

			Sheep farming resulted in a significant change in the vegetation composition, with previously dominant C. antarctica tussock being replaced with P. litorosa, as can be seen in this image, as well as an increase in abundance of unpalatable megaherb B. rossii. 

			Source: Alexander Turnbull Library. MNZ-2551-1/2-F, natlib.govt.nz/records/23198737.

			McKay was unaware that it was the grazing practice itself that had allowed the unpalatable native plant to flourish. In 1907, Laing observed the effect of sheep grazing on the lower tussock meadows and found ‘vast quantities of Bulbinella’ in the homestead sheep paddocks, which resembled from a distance ‘cultivated fields closely planted with leeks’.110 Heavily grazed paddocks of P. litorosa came to be replaced with Bulbinella but would revert to P. litorosa if left unstocked. Laing concluded that the tussock could replace itself if the sheep were removed, but feared the greater portion of the island was ‘likely to become barren within the next decade’ if the sheep were left to graze.111

			By April 1927, the biannual government steamer transport to the subantarctics had ceased due to changing shipping routes, resulting in fewer castaways. The completion of the Panama Canal in 1914 had meant that ships no longer travelled the great circle route between Australia and Cape Horn, and castaway depots were no longer needed.112 This lack of regular transport, as well as falling wool prices in 1926, resulted in the Campbell Island Syndicate, run by the leaseholders Murray and Mathewson, succumbing to financial difficulty.113 The lease was bought by the farmer John Warren, of Waitati, near Dunedin, Otago, who stocked 5,000 sheep on the island. Both wool and meat prices plummeted further in 1929 due to the effect of the Wall Street Crash, which triggered the Great Depression. Without transport, Warren and the shepherds were marooned on the island for two years, eventually being rescued in 1931. The income from the wool barely paid for the rescue boat, and left nothing for wages for the farmhands.114 The farm thus remained abandoned. Warren’s lease was declared forfeit in 1934 and expired in 1937, with the debt written off by the Crown.115 It would not be until the Second World War that the island would see long-term inhabitants again. Naturalists selected as part of the coastwatcher expedition, stationed at Motu Ihupuku during 1941–45, stayed for at least a year at a time and provided a thorough analysis of the post-farming vegetation.

			Conclusion: The value of non-scientific sources in documenting human modification of subantarctic vegetation

			Throughout this article we have endeavoured to show how the botanical knowledge, attitudes and perceptions of non-scientists shaped the history of plant introductions during the farming era on Campbell Island, from 1895 to 1931. Farmers’ records give valuable details about the spread of exotic pasture plants, as well as the sites and timing of burning and woodcutting, especially their localised botanical impact around Tucker Cove and the northern coast of Perseverance Harbour. Accounts by Hurrey in 1904 of the presence and condition of introduced pasture grass species, such as cocksfoot and Yorkshire fog, represent some of the earliest reliable records of these species on Motu Ihupuku. Predating scientific analysis by Laing in 1907, they offer vital clues about the initial spread and establishment of pasture grasses. Reliable, non-scientific primary sources have great potential to contribute to a more detailed and accurate record of human modification of the subantarctic vegetation over time, particularly when linked with empirical studies. Combining farmers’ accounts with present-day field records provides details of the historical origin and modern-day persistence and, in some cases, the spread of certain introduced species. It is recommended that future studies include a diversity of historical voices, especially from reliable, non-scientific primary accounts, to generate a more complete understanding of the past, present and future of the flora of the subantarctic, a region of exceptional botanical significance with a unique and complex environmental history.

			The failure of farming on the subantarctic islands presents an exception to the successful extension of introduced pasture grasses into Aotearoa. Experience on the subantarctics points to the importance of environmental factors in hindering the grandiose plans for improvement associated with the transformation of much of New Zealand into a giant export farm providing produce to far-flung Britain. Ironically, those very factors of environmental constraints that made the region unsuited to European farming practices—a soil and climate both incompatible with agriculture—today combine to make the subantarctics a vital part of New Zealand’s conservation estate, and provide an opportunity to redress the damage caused by many of the ecological processes unleashed over a century ago.

			Appendix

			Fieldwork

			Fieldwork on Motu Ihupuku focused primarily in and around Tucker Cove in Perseverance Harbour, the site of concentrated human activity during the sealing, farming and coast watching eras. During November–December 2019, Hartley visited Campbell Island aboard HMNZS Canterbury’s Operation Endurance, spending approximately 20 hours on shore over five days, between 19 and 26 November. The fieldwork consisted of recording and photographing flowering and introduced plants around Tucker Cove, Camp Cove and Duris Point in Perseverance Harbour using an Olympus OM-D EM-5. Observations and images were uploaded to the publicly accessible ‘NZ Southern Islands Group’ on iNaturalist (inaturalist.nz/projects/nz-southern-islands), a citizen science project and platform for scientists and the public to share biological observations and natural history of Aotearoa’s southern shelf islands (excluding Macquarie Island). Details were recorded for the five introduced species (and one unidentified grass) observed by Tucker at Camp Cove and Duris Point (see Table 2). Observations and photographs of selected introduced species (pasture grasses) are included with the historical analysis to trace their introduction and impact over time.

			Historical records

			Many of the primary records cited in this article are from the personal archive of the historian Norman Judd, the originals being in the Alexander Turnbull Library / Te Wharepukapuka o Alexander Turnbull, a division of the National Library of New Zealand / Te Puna Mātauranga o Aotearoa in Wellington / Te Whanganui-a-Tara. The Hocken Collections / Uare Taoka o Hākena and Special Collections in the Central Library at the University of Otago / Te Whare Wānanga o Ōtākou were also a major source of primary literature. The Hocken Library is one of the top archives of New Zealand material. The National Library’s Papers Past website was also used to search the archives of New Zealand newspapers. This contains over 1,002,412 issues of newspapers (as of September 2022) from the nineteenth and twentieth centuries. Historical photographs and illustrations were found by searching specific institutional databases, such as Te Papa Collections Online (Wellington), the Auckland Museum / Tāmaki Paenga Hira Kohikohinga Rorohiko Collections Online, and Te Wharepukapuka o Alexander Turnbull Photographic Archive. 

			Table 2: Introduced species observed and photographed at Campbell Island during November 2019.

			
				
					
					
					
				
				
					
							
							Species (Family)

						
							
							Location(s) observed

						
							
							Notes

						
					

				
				
					
							
							Anthoxanthum odoratum (Poaceae)

						
							
							Tucker Cove: homestead site and sod hut site, 52.55111˚S, 169.1406˚E

						
							
							In flower, highly abundant at Tucker Cove sod hut site and around site of farming homestead

						
					

					
							
							Phormium tenax (Phormiaceae)

						
							
							Camp Cove sod hut site

						
							
							In flower, had completely overgrown foundation of sod hut so represented a threat to the archaeological integrity of the site

						
					

					
							
							Rumex spp., possibly R. acetosella (Polygonaceae)

						
							
							Tucker Cove sod hut site, 52.55111˚S, 169.1406˚E

						
							
							In flower

						
					

					
							
							Rumex obtusifolius (Polygonaceae)

						
							
							Tucker Cove sod hut site, 52.55111˚S, 169.1406˚E

						
							
							Not in flower, one plant observed

						
					

					
							
							Stellaria media (Caryophyllaceae)

						
							
							Tucker Cove,

							52.55111˚S, 169.1406˚E

						
							
							In flower, highly abundant in disturbed sites with introduced grass species

						
					

					
							
							Unidentified grass species (Poaceae)

						
							
							Tucker Cove

							52.55111˚S, 169.1406˚E

						
							
							Not in seed or flower, seen encroaching creek, swamp area

						
					

				
			

			Source: The authors.
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			Among the numerous topics that environmental history has covered, the history of colonial forestry has attracted interest as central to the rise of scientific conservation.1 In the British Empire, a state forestry system was developed earliest in India, starting in the mid-nineteenth century. The Government of India established early forest laws to reserve forests. The aim was to control forest resources and maintain sustainable yields according to the principles of modern scientific forestry, which had emerged first in Europe. As the area of reserved forests expanded, local practices were restricted, including shifting cultivation, grazing, and collecting fodder and fuel. Although many studies have discussed the nature of colonial forestry within the framework of a dichotomy between European and indigenous, or modern and traditional, aspects, research can be focused more on the colonial encounters between European foresters and local societies. The aim of this special issue is to explore how new knowledge and practices were generated by the encounters in British India and how they were incorporated into empire forestry networks. We also investigate the legacies of colonial forestry in multiple postcolonial forestry networks. 

			As represented by Ramachandra Guha’s work on forestry in colonial India, many subcontinental scholars emphasise that authoritarian colonial states forcibly introduced a forest management system that ignored local ecological and social conditions, thereby disturbing a supposed precolonial harmony between nature and indigenous societies, as well as the biodiversity in the forests.2 In contrast, more recent studies challenge this view because standardised and stereotyped frameworks are commonly used to analyse the nature of colonial forestry. K. Sivaramakrishnan and Arun Agrawal suggest that the consequences of state-based forest management varied greatly according to the local conditions, and also shed light on the hybridity of colonial knowledge production.3 

			The forest laws generally prohibited, within reserved forests, the burning of grass or undergrowth; therefore, shifting cultivation was usually prohibited. However, the ‘taungya’ system was attempted in Burma in the 1850s; this allowed the Karen, an ethnic group in the forests of the Pegu hills, to practise shifting cultivation for one or two years on the condition that they provided labour for planting teak.4 Sivaramakrishnan suggests that colonial foresters in northern Bengal had introduced a similar method of forest plantation using local shifting cultivation by the 1920s.5 This method, called taungya, which was produced by colonial encounters between European foresters and local societies, indicates the hybridity of colonial forestry. In this issue, Shoko Mizuno and Yukako Tani examine the taungya system in the longer term and wider space, in order to consider its impact on colonial and postcolonial forestry. In addition, the hybridity of colonial forestry was shown in the foresters’ attitudes towards invasive alien species, which are explored by Masahiko Ota’s article.

			Our studies also investigate the production and circulation of knowledge in the British Empire/Commonwealth and international forestry networks. Gregory Barton and Ravi Rajan examine the pan-colonial or transcontinental networks and explore how the state forestry management system spread in the British Empire and beyond.6 They argue that state-based conservation models established in colonial India had an influence on the development of forestry in Asia, Africa, Australasia and North America. We consider that further research is required to illuminate how these hybrid forestry practices were incorporated into the various forestry networks.

			While the empirical studies mostly deal with scientific networks and knowledge production from the seventeenth century to the Second World War,7 relatively less research has been carried out to explore the transformation of colonial science, including forestry, after the war. The dissolution of the British Empire started with the independence of India and Pakistan in 1947, which was followed by many Asian, Caribbean and African countries by the 1960s. As the decolonisation process advanced, the United Nations and its specialised agencies, such as the Food and Agriculture Organization (FAO) and World Bank, contributed to the establishment of the international development regime and aided former colonial and developing countries.8 

			The history of international development has often been examined in a different context from that of colonial development, with a few exceptions. Considering the imperial and international forestry networks as development actors, Peter Vandergeest and Nancy Peluso argue that part of the forest management patterns in colonial South East Asia was extended after the end of colonialism, indicating the reconfiguration of postcolonial forestry networks, including the FAO.9 Joseph Hodge observes that a significant number of colonial agricultural experts started working for international aid agencies, and suggests that their knowledge was embedded in international technical assistance programs for the newly independent countries.10 Shoko Mizuno analyses the United Nations Scientific Conference on the Conservation and Utilisation of Resources in 1949 and suggests that the empirical knowledge and practices of European colonial scientists were essential to prepare the development plans in less-developed countries. Colonial scientists often considered local conditions as essential factors for planning development, whereas American experts tended to introduce generalised modern technology.11 

			These studies suggest that the ideas and practices of colonial scientists impacted the newly independent nation states and international aid organisations through postcolonial development plans. However, there is a need for further empirical research into the production of scientific knowledge about nature among various actors in the colonial and postcolonial worlds. Regarding forests and forestry in the British Empire, fewer studies have investigated the influence of colonial forestry on forest management in the postcolonial world.12 The articles in this special issue respond to this research gap by exploring the process through which colonial forestry was constructed and reconstructed from the late nineteenth to the twenty-first century. 

			Our articles will help clarify the process by which new knowledge and practices were generated by the encounter of foresters with local ecology and societies in both the colonial and postcolonial periods. These articles focus on controversial problems among colonial foresters, such as shifting cultivation and invasive alien species. Shoko Mizuno and Yukako Tani discuss the taungya method, which was created as a ‘hybrid’ of local shifting cultivation and European forestry in colonial India. Mizuno uses a comprehensive perspective and examines how the taungya system was discussed in the imperial and international forestry networks from the 1920s to the 1960s. Tani’s article specifically focuses on the international forestry development project of Burma during the 1980s and explores the reasons and mechanisms for the adoption of local knowledge. On the other hand, Ota researches the process by which methods of addressing invasive alien species have evolved from the late nineteenth to the twenty-first century in India. Setting aside the conventional framework, which is represented as one of colonial domination and local resistance, the articles in this issue will highlight the hybridity of knowledge and practices produced by the interactions of various actors associated with forestry. Owing to the unexpected results of forest management, colonial foresters had to take account of the complex and fragile tropical ecology. They became more suspicious of the efficacy of the universal transfer of European forestry into unknown tropical conditions. Therefore, colonial foresters began to admit the ‘utility’ of local knowledge and practices that had been used in the land for a long time. Moreover, these articles attempt to revise the European-centred diffusionist model of colonial science by offering case studies concerning hybrid forestry.

			Mizuno argues that the forest management system in the British Empire had been reconstructed to address indigenous land use, such as shifting cultivation, by analysing the Empire Forestry Conferences. Her article sheds light on the process by which taungya became widespread in the British Empire by the 1930s, and explains why ‘taungya’, originally a Burmese word, was used to refer to the method of planting valuable species by utilising shifting cultivation in tropical colonies. Mizuno further investigates the shifting views on taungya in a range of postcolonial forestry networks. After India’s independence in 1947, the empire forestry networks were reconfigured into the Commonwealth forestry networks, which included former colonial foresters as well as native foresters of the newly independent countries. In contrast, newly founded international organisations, such as the FAO, began to integrate forestry networks in order to provide technical assistance to developing countries, including former colonies. At forestry conferences from the late 1940s to the 1960s, we can find different attitudes towards taungya among foresters of newly independent countries, former British colonial foresters, and other experts associated with international technical assistance. However, by the late 1960s, taungya had been re-evaluated in international forestry societies.

			Tani focuses on the more recent forestry development project of Burma, named Forestry Project II East Pegu Yoma Project (EPP), funded mainly by the World Bank in the 1980s. She suggests that this project borrowed local knowledge and practices, such as the use of elephants for logging and the taungya method for planting, from colonial forestry, alongside modern techniques. Tani also explains the reason for the hybridity of knowledge in this international forest management project from economic, historical, ecological and social perspectives. The project and the government regarded hybrid methods as cost-effective. At the field level, local staff who were familiar with local forests and societies advised on the utility of adopting local methods in the project. Meanwhile, the donor staff realised the validity of their proposals and accepted them. This collaboration between local and foreign members of the EPP generated the knowledge hybridity.

			In contrast to shifting cultivation, relatively little attention has been paid to invasive alien species, although both issues were considered undesirable obstacles among foresters in the colonial period. Ota explores the development of knowledge about Lantana camara L. (hereafter lantana) in India, focusing on colonial and postcolonial forest officials, local people and civil society organisations. He analyses the articles in The Indian Forester about lantana and observes that colonial forest officials fully considered the local socioecological conditions in order to produce knowledge about lantana. However, after India had gained its independence, forest officials emphasised modern scientific forest management for commercial timber production and did not significantly consider local socioecological conditions in knowledge development. Conversely, since the 1980s, some ethnic minorities have adapted to lantana by, for example, using it as an alternative raw material to bamboo, which has been promoted by civil society organisations.

			We hope that this special issue will offer new insights into the hybridity and dynamics of knowledge production in the British Empire through the revision of the Eurocentric diffusion models of modern sciences in the colonial and postcolonial worlds. We also hope that the results will clarify colonial forestry’s intellectual legacies, as opposed to institutional legacies, such as forest laws and administration systems, which have often been cited in previous research. These findings will be of interest to historians working on environmental issues, particularly forestry and ecology, as well as researchers in the development studies and international relations fields.

			

			
				
					1	 William Beinart and Lotte Hughes, Environment and Empire (Oxford: Oxford University Press, 2007), chapter 7, doi.org/10.1093/oso/9780199260317.001.0001; K. Sivaramakrishnan, ‘Science, Environment and Empire History: Comparative Perspectives from Forests in Colonial India’, Environment and History 14 (2008): 41–65, doi.org/10.3197/096734008X271850.

				

				
					2	 Ramachandra Guha, The Unquiet Woods: Ecological Change and Peasant Resistance in the Himalaya (Delhi: Oxford University Press, 1989); Madhav Gadgil and Ramachandra Guha, This Fissured Land: An Ecological History of India (Delhi and Oxford: Oxford University Press, 1992).

				

				
					3	 K. Sivaramakrishnan, Modern Forests: Statemaking and Environmental Change in Colonial Eastern India (Stanford, CA: Stanford University Press, 1999), doi.org/10.1515/9781503617995; Arun Agrawal, Environmentality: Technologies of Government and the Making of Subjects (Durham, NC: Duke University Press, 2005), doi.org/10.2307/j.ctv11sn32g. See also Beinart and Hughes, Environment and Empire, 124–9; Sivaramakrishnan, ‘Science, Environment and Empire History’, 42–5; Corey Ross, Ecology and Power in the Age of Empire: Europe and the Transformation of the Tropical World (Oxford: Oxford University Press, 2017), 275–6, doi.org/10.1093/acprof:oso/9780199590414.001.0001.

				

				
					4	 Raymond L. Bryant, ‘The Rise and Fall of Taungya Forestry: Social Forestry in Defence of the Empire’, The Ecologist 24 (1994): 21–6; San Win and Minoru Kumazaki, ‘The History of Taungya Plantation Forestry and its Rise and Fall in the Tharrawaddy Forest Division of Myanmar (1869–1994)’, Journal of Forest Planning 4 (1998): 17–26, doi.org/10.20659/jfp.4.1_17.

				

				
					5	 Sivaramakrishnan, Modern Forests, chapters 7 and 8.

				

				
					6	 Gregory A. Barton, Empire Forestry and the Origins of Environmentalism (Cambridge: Cambridge University Press, 2002), doi.org/10.1017/CBO9780511493621; Ravi Rajan, Modernizing Nature: Forestry and Imperial Eco-Development, 1800–1950 (Oxford: Clarendon, 2006).

				

				
					7	 See, for example, Richard Grove, Green Imperialism: Colonial Expansion, Tropical Island Edens and the Origins of Environmentalism, 1600–1860 (Cambridge: Cambridge University Press, 1995); Richard Drayton, Nature’s Government: Science, Imperial Britain, and the ‘Improvement’ of the World (New Haven, CT, and London: Yale University Press, 2000); Peder Anker, Imperial Ecology: Environmental Order in the British Empire, 1895–1945 (Cambridge, MA: Harvard University Press, 2001); Vinita Damodaran and Rohan D’Souza, eds, Commonwealth Forestry and Environmental History: Empire, Forests and Colonial Environments in Africa, the Caribbean, South Asia and New Zealand (Delhi: Primus Books, 2020).

				

				
					8	 Frederick Cooper and Randall Packard, eds, International Development and the Social Sciences: Essays on the History and Politics of Knowledge (Berkeley, CA: University of California Press, 1997), 7–9; Amy L. S. Staples, The Birth of Development: How the World Bank, Food and Agriculture Organization, and World Health Organization Changed the World, 1945–1965 (Kent, OH: Kent State University Press, 2006), chapter 1, doi.org/10.21038/ksup.2006.0002.

				

				
					9	 Peter Vandergeest and Nancy Peluso, ‘Empires of Forestry: Professional Forestry and State Power in Southeast Asia, Part 1, Part 2’, Environment and History 12 (2006): 31–64, 359–93, doi.org/10.3197/096734006776026809.

				

				
					10	 Joseph M. Hodge, Triumph of the Expert: Agrarian Doctrines of Development and the Legacies of British Colonialism (Athens, OH: Ohio University Press, 2007).

				

				
					11	 Shoko Mizuno, ‘Global Governance of Natural Resources and the British Empire: A Study on the United Nations Scientific Conference on the Conservation and Utilization of Resources, 1949’, in Environmental History in the Making, vol. 2: Acting, ed. Cristina Joanaz de Melo et al. (Cham, Switzerland: Springer, 2016), doi.org/10.1007/978-3-319-41139-2_16.

				

				
					12	 For an exceptional work that places colonial forestry in the context of a contemporary global history of forest management, refer to Brett M. Bennett, Plantations and Protected Areas: A Global History of Forest Management (Cambridge, MA: MIT Press, 2015), doi.org/10.7551/mitpress/9780262029933.001.0001.

				

			

		

	
		
			Hybrid forestry practices in British colonial and postcolonial forestry networks

			Shoko Mizuno

			Komazawa University, Tokyo, Japan

			
				
					
				
				
					
							
							Abstract

							This study first examines the process by which the forest management system was developed in the British Empire, focusing on colonial foresters’ arguments concerning the question of indigenous land use. This study argues that by the early twentieth century, new forestry practices called the ‘taungya’ and ‘village forest’ had been devised to manage indigenous land use, such as shifting cultivation, in colonies. These ‘hybrid’ forestry practices, which evolved from encounters between European forestry models and indigenous land use in colonial regions, were incorporated into empire forestry networks.

							This study’s findings reveal how the hybrid colonial forestry practices were argued in multiple forestry networks after the Second World War. This was accomplished by considering the continuity and shifts in the postcolonial forestry networks, by examining the arguments for and against the taungya, from the late 1940s to the 1960s. The Empire/Commonwealth Forestry Conference and the World Forestry Congress were analysed primarily to explore how foresters of newly independent countries, former colonial British foresters, and other experts committed to international technical assistance, considered this issue.
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			Introduction

			In the history of colonial forestry, many studies have investigated how state forestry developed in British India because the Indian Forest Service (hereafter IFS) was first established under the British Empire in 1864 and included the largest number of professional foresters in the empire. Some analyses are highly critical of forest management in colonial India. For example, Madhav Gadgil and Ramachandra Guha note that state forestry established regimes of regulation that profoundly affected rural societies where ecological harmony existed in the pre-colonial period. They argue that state forestry triggered popular resistance, which sometimes fed into anti-colonial, nationalist movements in the twentieth century.1 

			More recent literature challenges simple arguments about the history of colonial rule and local resistance. K. Sivaramakrishnan and Arun Agrawal outline the varieties of colonial forestry practices in India and suggest that the forestry system was actually constrained by ecological and political conditions in each area and transformed into hybrid forestry practices through interactions with local ecologies, economics and politics.2 Their studies have led to revisions of the debate surrounding forest management and colonialism in India.

			Other studies have focused on the history of empire forestry, which deals with the intersection of professional scientific forestry and imperial agendas such as resource management, economic development and state formation. Gregory A. Barton and S. Ravi Rajan examine the process by which modern forestry was established and spread in the British Empire, and observe that Continental European forestry had an influential impact on the development of the forest management system in India and other colonies.3

			Meanwhile, Peter Vandergeest and Nancy Lee Peluso take issue with the assumption that a single, dominant European forestry model spread worldwide through forestry networks. Their research on South East Asian countries reveals that European forestry models were transformed into hybrid forestry practices through interactions with local ecologies, economics and politics, and circulated in forestry networks.4 Although their findings are insightful, to better understand the hybridity and dynamics of knowledge production in forestry networks in the empire, further empirical investigation is necessary into how local experiences in colonies were exchanged and how a new management system was produced and spread around the empire.

			Furthermore, much less work has assessed how colonial knowledge and practices on forests have been reinforced or transformed in the postcolonial period.5 After India’s independence in 1947, the IFS began to establish a new state forestry system, although it remained in the empire (later Commonwealth) forestry networks. Most British staff retired or moved to work for other British colonial forestry services, as well as universities, research institutes or timber companies in Britain or its colonies. Simultaneously, international organisations such as the Food and Agriculture Organization of the United Nations (FAO) began to integrate networks including newly independent countries (e.g. India). To fully understand the impact of colonial forestry, we need to investigate how colonial knowledge and practices were considered in these newly generated networks.

			This paper first examines the process by which the forest management system was developed in the British Empire, focusing on colonial foresters’ arguments on the question of indigenous land use. I demonstrate that, by the early twentieth century, new forestry practices called the ‘taungya’ and ‘village forest’ had been devised to manage indigenous land use such as shifting cultivation in colonial sites. I also explore how these ‘hybrid’ forestry practices, which were produced by the encounter between European forestry models and indigenous land use in colonial regions, were incorporated into empire forestry networks. The sharing of experiences throughout the colonies resulted in new management models, which, by the 1930s, could serve as compromises with the exclusive state forestry system.

			The latter part of this paper demonstrates how the hybrid colonial forestry practices were argued in the empire/Commonwealth and international forestry networks after the Second World War. I consider the continuity and shift in the postcolonial forestry networks, examining the arguments both for and against the taungya from the late 1940s to the 1960s. In particular, this paper illuminates how, by the late 1960s, colonial hybrid forestry practices were revised in international forestry networks. I analyse the regional, Commonwealth and international forestry conferences to explore how Indian foresters, former IFS British foresters, and other experts committed to international technical assistance, considered this issue.

			The establishment of empire forestry

			The IFS was the first forest service established in the British Empire, as mentioned above. A number of the IFS officers, employed to assist in organising forest administration in other British colonies, brought their techniques to develop forestry throughout the empire and exchanged observations. Before the First World War, forestry services were established in New Zealand, Australia, Canada, Mauritius, Cyprus, Ceylon, the Cape Colony, Nigeria, the Gold Coast, Sierra Leone, Kenya and the Federated Malay States. As the IFS played an important part in establishing forest services in these colonies, we can assume that there were forestry networks among the British colonies. However, before the First World War, forestry was not developed, except on a private basis, within Britain itself.6

			Britain had relied mainly on timber imported from northern Europe, Canada and the United States. However, the outbreak of the First World War seriously affected timber imports from abroad, and during and immediately after the war, no fewer than 450,000 acres (c. 180,000 ha) of woodland were felled in Britain.7 As a result, the British Government realised the need for an internal forest policy, and the Forestry Act was passed in 1919, marking a new era in the British forestry system. This Act aimed to establish a Forestry Commission to develop afforestation and timber production in Britain.

			Simultaneously, anxiety about and obsession with timber shortages were widespread in the British Empire. Foresters and administrators both in the colonies and the central government began to recognise that deforestation could threaten the stability of the states and even the continuing rule of the empire. Thus, forestry topped the agenda of the British Empire, which sought to establish empire forestry for more sustainable forest management.

			To this end, the Empire Forestry Conference was first held in London in 1920, while the second conference was held in Canada in 1922, the third in Australia and New Zealand in 1928, and the fourth in South Africa in 1935. The next conference was intended to be held in India in 1940, but it was cancelled due to the Second World War. These conferences made it possible to exchange ideas, discuss matters of technical interest for purposes of a common policy, and to correct errors and misconceptions throughout the empire. They also strengthened the professional identity of foresters, who were widely dispersed throughout the empire. Most conference participants were experts from forest departments or research institutes in various parts of the empire, as well as some delegates from the Colonial Office and other administrative authorities. The conference required all governments to consider the discussions of the conference to improve forest policy.

			At the first British Empire Forestry Conference, the principle of empire forestry was set out as follows:

			In view of the great importance to the Empire as a whole, as well as to each of its component parts, of producing a sustained yield of all classes of timber, and of encouraging the most economical utilisation of timber and other forest products, and of maintaining and improving climatic conditions in the interests of agriculture and water supply, each of the Governments of the Empire should lay down a definite forest policy to be administered by a properly constituted and adequate forest service.8

			There are two key points here. First, both the economic and protective effects of forests were of significant concern in empire forestry. Second, it was believed that the state should have responsibility for establishing forestry in the empire.

			At the conference, reports demonstrated that forests had been over-cut and exploited in almost every part of the empire. Therefore, undeveloped forests in tropical Africa were viewed as a potential source of timber supply. However, colonial foresters in these regions reported that the forest area was decreasing sharply, due to the extension of plantations, the development of mines, and shifting cultivation.9

			Empire forestry networks and local knowledge

			Shifting cultivation and the ‘taungya’ system

			Shifting cultivation was defined as ‘a system of temporary cultivation under which areas of forest are felled and burned. The clearings are temporarily cultivated with agricultural crops for one year, or a few years, and then abandoned’.10 This practice was prevalent in the tropical colonies. Many foresters insisted that this method led to the destruction of valuable forests and soil denudation. However, in the late 1850s, the ‘taungya’11 system was attempted in Burma, with the intention of planting valuable trees as well as controlling the shifting cultivation practised by the Karen, an ethnic group in the forests of the Pegu hills. This system involved sowing teak seed along with field crops in the cleared and burned forestland and tending the teak crop after the field crop had been reaped. In other words, taungya allowed indigenous communities to practise agriculture in forests for several years on the condition that they provide labour for forest plantations.

			Colonial forest laws generally prohibited, within reserved forests, the burning of grass or undergrowth; therefore, shifting cultivation was usually prohibited and offenders were fined or jailed. Why, then, was the taungya system implemented in Burma as an exception? Recent research offers two explanations. First, it was an efficient and economical method of forming teak plantations and drawing the Karen into the system as participants because it was difficult to secure forest labour in remote places. Second, it was expected to restrain their resistance to forest policy. The Karen villagers who agreed to engage in taungya received payment per acre planted, exemption from the poll-tax, and a plot for their own use.12

			Interestingly, in the early twentieth century, the taungya system began to be employed in other parts of British India such as Bengal, Assam and the United Provinces. This can be explained from an ecological perspective.13 We can turn our attention to fire protection, one of the main concerns of foresters at the turn of the twentieth century. They attempted to protect valuable trees such as teak and sal from fire and imposed fire prevention programs on local communities. Subsequently, in the 1910s, they began to notice undesired ecological transformations of the forest induced by fire protection.14 Some foresters reported that the regeneration of young sal and teak, which were both fire-resistant species, was retarded by the dominance of evergreen shrubs in the undergrowth. After years of controversy, in the 1920s, the role of fire in sal and teak regeneration was broadly realised.15 This silvicultural discovery was another reason for the development of taungya in the empire.16

			I next examine how the issue of shifting cultivation was discussed at the Empire Forestry Conferences. Although Rajan addresses this subject, he focuses solely on the session on shifting cultivation and the report of the committee on shifting cultivation at the second conference.17 Therefore, I will discuss the development of the arguments at the subsequent conferences.

			At the second conference in 1923, it was clear that few foresters recognised the use of fire for regeneration. At the session on forest fire protection, C. G. Trevor of the IFS cited the instances of Bengal and Burma and recommended controlled fires as an effective measure to regenerate certain fire-resistant species. However, no one referred to this point after his report.18 At the session on shifting cultivation, foresters were divided into two groups. J. R. Ainslie, a forester in Nigeria, and R. M. White, a forester in Ceylon, sought a complete ban on shifting cultivation. Ainsley argued that the forest area annually destroyed in Nigeria by uncontrolled shifting cultivation was more than 2,000 square miles (c. 500,000 ha), which caused enormous economic and ecological damage. White suggested that shifting cultivation in Ceylon had resulted in forest deterioration and loss of soil fertility.19 In contrast, those in favour of shifting cultivation, such as R. S. Troup,20 a professor of forestry at the University of Oxford, and E. Battiscombe, a forester from Kenya, insisted that controlled shifting cultivation was the best and cheapest method for mobilising resident labour to plant valuable species. Troup cited the example of Burma, where there were c. 55,000 acres (c. 22,000 ha) of flourishing teak plantations raised with the aid of shifting cultivation.21 Ultimately, an ambiguous resolution was passed, which admitted that ‘the practice of shifting cultivation, except when controlled as an integral part of forest management, is a serious menace to the future welfare of certain portions of the Empire’, and therefore the conference ‘urge[d] Governments concerned to take necessary measures to deal with the situation’. It also declared that ‘shifting cultivation, if strictly controlled, may be made to serve a useful and even necessary purpose in the formation of plantations’ and, for that reason, ‘this Conference favours its encouragement under control’.22

			At the third conference in 1928, W. R. Jacob of the IFS described the successful utilisation of fire in North Bengal and Assam to get rid of extensive evergreen weeds. He also suggested using controlled fires for eucalypt regeneration in Queensland, Australia. In response, V. Greening, a forester in Queensland, admitted that fire could be used with careful control.23

			At the fourth conference in 1935, a new understanding of fire protection was demonstrated. It was noted that ‘the strict exclusion of fire, in vegetation accustomed to fire, may actually do harm and that under certain conditions care has to be taken so that fire protection does not alter the ecology of the trees’.24 There remained many arguments for and against the use of fire, but the ecological evidence for the regeneration of some species rejected the view of taungya as ‘silviculturally unsound’.25 Troup commented that ‘shifting cultivation, as such, is an extremely destructive practice, but like fire, although it is a very bad master it can be turned into a very good servant’.26 He reported that taungya plantations were ‘a regular mode of artificial regeneration’ and were widespread in places such as Burma, Bengal, Assam and the United Provinces in India, as well as Kenya, Tanganyika, Nigeria and Queensland, although the technique of taungya varied greatly in different places.27 For example, in Burma, the total area of taungya plantations exceeded 130,000 acres (c. 53,000 ha) in 1936. A rather smaller area was seen in African colonies such as Kenya, in which the total area of taungya plantations was c. 51,000 acres (c. 21,000 ha) in 1937.28 Thus, taungya, a kind of hybrid forestry produced through interaction with indigenous ecology and custom, was developed in the empire.29

			State forestry and the development of a village forest system

			Another example of new forest management is the allocation of village forests. At the fourth conference, it was reported that the village forest scheme had begun in Nyasaland in 1926. The basis of the scheme was to protect indigenous forests on hill slopes or catchment areas to prevent erosion and run-off as well as to supply poles and fuel for local use. These forest areas were put under the control of the village headman and exempted from the operation of the general forest laws relating to reserved forests. Therefore, this system was expected to give local people a very direct interest in and facilitate their control of forests.30 In other words, it was devised to educate people to ‘appreciate that it is quite a wise thing to do, to get areas on which they can protect themselves, and look upon as the source of their supplies in the future’.31 By the end of 1929, only 97 acres (39 ha) had been designated as village forest, but by 1936, this area had increased to nearly 180,000 acres (73,000 ha), approximately 7 per cent of the total forest area in Nyasaland.32 Among the conference participants, R. D. Furse of the Colonial Office was particularly interested in how foresters in Nyasaland succeeded in inducing native chiefs to take ‘such a very unusual attitude towards the forestry policy’.33 In answering his question, J. B. Clements of the Nyasaland Forest Department described the success as mainly due to the close co-operation of the administrative officers, forest officers and native officers. He also attached great importance to the propaganda by native foresters directed at local societies.34

			Troup also indicated that the scheme was facilitated to some extent by an old family custom known as chire, under which areas were protected from bush fires on behalf of the chief to provide a refuge for game, which was afterwards driven out by hunters. The idea of protecting areas of bush was not, therefore, entirely foreign to the villagers. He recommended this village forest scheme to other colonies because it helped develop an appreciation of forest property amongst its inhabitants.35 The success of Nyasaland’s village forest scheme helped to bring about the introduction of communal forest management systems in Tanganyika, Uganda, Kenya, Northern Rhodesia and Nigeria in the second half of the 1930s. However, the management patterns and degree of local peoples’ co-operation varied.36

			On the other hand, in the 1920s and 1930s, the forest departments began to hand over less-valuable forests to the revenue departments in parts of India, such as Kumaon in the United Provinces, Punjab and Madras, to create communal forests.37 These areas were put under the control of panchayats or village-level councils and supplied village communities with fodder and firewood. These village forest systems were considered a compromise among the conflicting interests and they changed relationships between local communities and the state.38

			In general, colonial state forestry had prevented local people from exercising their customary rights in the reserved forests, but it was practically impossible for the small numbers of colonial foresters to control the reserved forests in Nyasaland and elsewhere in other African colonies.39 Therefore, they realised the necessity of involving native forest officers and village headmen as collaborators in forest governance. Meanwhile, in post–First World War India, colonial foresters had to be more cautious in dealing with local resistance, such as incendiarism, which was often related to the rise of nationalism at that time.

			Therefore, information about communal forestry practices in different local contexts was exchanged across the empire, and the new system for involving village communities in forest management was elaborated as a complementary type of forestry. Troup concluded that:

			It may be said that forests required for the benefit of the country as a whole—where for purpose of protection or of production—should be retained under the direct administration and management of Government, whereas those maintained solely for the local supply of produce to native communities might be handed over to Native Authorities, but with adequate safeguards. Generally speaking, the latter would be forests of comparatively small area and no great timber value.40

			Thus, the new state forestry system, which was compatible with communal forest management, was proposed as an efficient method, suggesting that the state–community relationships in managing forests were partly transformed under the empire.

			Reconfiguration of forestry networks after the Second World War

			Before India’s independence in 1947, the IFS had already begun to reorganise its structure. In 1923, the Government of India began to reform employment in all public services, including the IFS, so that more Indians were employed (so-called ‘Indianisation’). In 1934, the IFS staff comprised 189 Europeans, 92 Indians, and one Burmese. In 1943, there were 85 Europeans and 76 Indians. By 1947, most British staff had retired.41 Some of the former IFS British foresters now worked for other British colonial forestry services. Others found posts at universities, research institutes or timber companies in Britain or its colonies, whereas some British foresters remained employed in independent India and Burma. For example, C. W. D. Kermode, who had worked for the IFS since 1924, became the first head of the department of forestry at the University of Rangoon in 1952. C. E. Hewetson, Conservator of Forests of Madhya Pradesh, had worked at the IFS for 30 years. R. M. Gorrie, who was known as a soil conservation expert within the IFS, was employed by the Damodar Valley Corporation as a forestry advisor.

			Indian foresters maintained a close relationship with the former British IFS foresters. For example, H. G. Champion, professor of forestry at Oxford University, was invited to major national forestry conferences in India throughout the 1950s and 1960s. Current and former IFS members remained active participants in the empire forestry networks and, ultimately, those of the Commonwealth. The Empire Forestry Conference changed its name to the Commonwealth Forestry Conference at the sixth conference in Canada in 1952.42

			On the other hand, newly founded international organisations such as the FAO began to integrate forestry networks, including those in newly independent countries. This organisation helped to (re)establish state forestry in developing countries and to develop forest research and education through technical assistance programs.43 In 1948, the FAO established a Regional Office for Asia and the Pacific in Bangkok. In 1949, a Forestry and Timber Utilization Conference for Asia and the Pacific was convened at Mysore, India, sponsored by the FAO. This conference led to the establishment of the Asia and the Pacific Forestry Commission, which has held meetings almost every two years to bring together forestry experts and decision makers from the region. Thus, the FAO established postcolonial forestry networks during the 1950s in Asia, including in previous British colonial territories. In fact, a considerable number of colonial foresters were recruited by the FAO in the 1950s and 1960s, and they influenced state forestry in developing countries.44

			The FAO also supported the World Forestry Congress after the war, which provided a forum for bringing the ideas and techniques of experts to develop forestry in each part of the world, as well as opportunities to exchange their opinions or observations. In the multiple post-war forestry networks mentioned above, how were colonial knowledge and practices discussed? In the next section, I examine the arguments about taungya and shifting cultivation at the empire (later Commonwealth) and international forestry conferences.

			Shifting views on taungya in the postcolonial forestry networks

			Continuity in the postcolonial forestry networks

			The Fifth Empire Forestry Conference was held in London in 1947 and, as before, various measures against shifting cultivation were proposed. H. F. Mooney of the IFS reported that, in 1939, a scheme had commenced for the removal from the steeper hills of tribes who had practised shifting cultivation, and their settlement on lower slopes in India’s Eastern States. This experiment had proved so successful that the methods began to be applied over a wider area and amongst other tribes, to whom medical aid and educational facilities were provided.45 W. J. Eggeling, a forester from Uganda, insisted that forests on catchments must be preserved to maintain water supply by evicting the shifting population.46 A forester from Nigeria, F. S. Collier, suggested altering the shifting cultivation system, as increasing population accompanied the expansion of the area under that system, leading to encroachment upon forest reserves.47

			However, D. J. Atkinson of the Burma Forest Department regarded taungya as a system of cheap and successful establishment of plantations based on shifting cultivation. He disagreed with Mooney and declared: ‘There can be no doubt that it [taungya] was acting beneficially for the species for which we are most concerned, that is, teak. Shifting cultivation is not by any means always a menace.’48 Some foresters demonstrated ambiguous attitudes towards shifting cultivation. G. N. Sale, a forester from Trinidad, stated that taungya was used in the establishment of teak plantations and was good if strictly controlled, although he realised that it was a long, slow process to improve the methods of the peasants who practised shifting cultivation on hills and steep slopes.49 A forester from the Gold Coast, A. Foggie, noted the conditional effects of shifting cultivation, stating that:

			Within the centre of the forest area, where the forest tends to be of the wet type, shifting cultivation tends to bring in the valuable species as opposed to the very hard-wooded evergreen trees; while, on the edges, it immediately causes degrading from closed forest to savannah woodland.50

			In summary, at the fifth conference, taungya remained a controversial theme. Although some foresters insisted on the eradication of shifting cultivation, their ideas were seldom put into practice due to the cost and expected resistance of local societies. Taungya was recognised as a practical method of controlling shifting cultivation as well as the artificial regeneration of teak and sal.

			In 1949, the United Nations Scientific Conference on the Conservation and Utilization of Resources (hereafter UNSCCUR) was held at Lake Success, New York. This was the first occasion on which the UN brought together more than 700 experts from 52 countries to discuss the application of advanced scientific technologies to resource management worldwide.51 The program for the conference was divided into six major sections: mineral resources, forest resources, fuel and energy resources, water resources, land resources, and fish and wildlife resources. The forest resources section had seven sessions. In the Forest Management session, Indian and Burmese foresters introduced the advantages of taungya. For example, C. R. Ranganathan, director of the Indian Forest Research Institute at Dehra Dun, stated that: 

			The application of rigid fire protection has produced unexpected results in many cases by inhibiting the regeneration of valuable species. We now have a better understanding of the role of controlled fire in tropical forestry and do not hesitate to use it in our regeneration techniques.52 

			U Aung Din, Deputy Conservator of Forests, Burma, reported that taungya was also the most common and extensively used system in Burma.53 Their papers contain two points. First, Indian and Burmese foresters suggested that taungya could be adapted to the social and ecological conditions in British India. Second, they inherited the taungya system in the postcolonial period and presented it as their own.

			To summarise this session, S. B. Show, acting director of the FAO, Forest Division, stated that he was impressed by the papers on tropical forests. He recognised that attempts to transplant European methods had failed and suggested that the papers should be treated as an impressive record of the progress made by tropical countries in developing their own techniques, as well as being of vital interest to countries about to commence tropical forestry management.54 

			In 1954, the Government of India hosted the Fourth World Forestry Congress at Dehra Dun under the auspices of the FAO. This was the first international forestry conference to be held in a non-European, developing country, reflecting the FAO’s great interest in India as a centre of tropical forestry. A majority of the 358 delegates to the Congress came from tropical countries. India alone sent 208 participants. The Congress had five sections, including ‘tropical forestry’. In this section, British foresters working in Burma and India argued that taungya facilitated the regeneration of teak and sal. For example, Kermode stated that ‘detailed scientific studies have not been carried out but there is a good deal of evidence as to the effect of taungya cultivation on the teak-bearing forests’.55 Hewetson suggested using fire for the regeneration of sal in a more careful manner:

			In wet areas the sal forest may be able to maintain itself only when frequent fires restrain the evergreen species which would otherwise occupy the site. In dry areas exclusion of fire is necessary to reduce the dryness and to permit sal to survive. Burning is a very important factor and the effect is cumulative. The effects vary widely with type and it is difficult to decide in any one place whether the interests of the sal forest are better served by complete protection or allowing some fires to occur.56 

			Meanwhile, Indian foresters demonstrated more varied attitudes towards taungya. For example, N. Pal, Conservator General of Forests for West Bengal, introduced the information that taungya was the standard and ideal method of raising plantations in North Bengal.57 K. Kadambi’s58 conclusion was similar to Hewetson’s. He stated that fire was beneficial to the establishment of natural reproduction in the moister types of deciduous forests, but harmful in dryer ones. He also noted the difficulties of finding the necessary conditions for using fire for regeneration:

			There is, however, still some doubt as to whether the dividing line has to be drawn between the stage where fire is a useful servant and where it is a bad master; for example, [in] Madhya Pradesh, once natural regeneration is established, fire protection, grazing protection and removal of canopy will provide the necessary conditions for its progress; but, for obtaining seedling recruitment, light burning is considered advantageous and the canopy has to be opened out [but] not so much as to allow rank grass and weeds to appear.59 

			In contrast, foresters such as G. C. Takle and R. B. Mujumdar from Madhya Pradesh had more negative views regarding the use of fire for artificial regeneration, particularly in the early stage of plantations. As they suggested, there were conflicting opinions on the utility of fire and further research was required.60 

			The measures against shifting cultivation were also discussed. Although the desirability of changing to a permanent form of cultivation by resettling people was argued, the Congress participants understood that such a compulsory policy would face certain difficulties and might be costly. After all, taungya was still recognised in the mid-1950s as a useful method of artificial regeneration as well as controlling shifting cultivation.61 The arguments for and against taungya from the mid-1950s to the early 1960s continued.

			Interestingly, by the early 1960s, Indian and Burmese foresters had stopped referring to taungya in the Commonwealth and at international forestry conferences. At the Sixth Commonwealth Forestry Conference in Canada in 1952, J. Banerji, Deputy Inspector General of Forests for India, stated that taungya had been sufficiently standardised, mainly in West Bengal, Uttar Pradesh and Assam, and was working relatively well, with suitable local modifications.62 However, at the seventh conference in Australia and New Zealand in 1957, taungya was never discussed.63 At the eighth conference in East Africa in 1962, G. A. E. Ogbe, Conservator of Forests for Nigeria, suggested that foresters in developing countries should research how trees and agricultural crops could be grown together using an extended form of taungya.64 However, V. S. Rao, Inspector General of Forests for India, disagreed. He doubted whether taungya could be used for forest plantations and worried that taungya cultivators would squat on the land, leading to political difficulties.65 

			This changing view on taungya among Indian foresters could be found in the discussions at national forestry conferences in India. The Eighth Sylvicultural Conference of India in 1951 noted that taungya was showing signs of strain and was not as satisfactory as previously thought.66 The ninth conference in 1956 recommended that taungya be substituted by other methods of artificial regeneration, such as mechanised plantations. Simultaneously, Indian foresters argued for a firmer attitude towards shifting cultivation.67 At the tenth conference in 1961, taungya was even not on the agenda.68 

			Meanwhile, at the Fifth World Forestry Congress in Washington in 1960, U Aung Din (mentioned above), one of the speakers at the UNSCCUR, presented a paper. By this time, he had become an FAO regional forestry officer and took a general view of forests and forestry in Asia, but did not mention the advantages of taungya.69 The Burma Forest Department submitted a paper concerning forest policies in colonial and postcolonial Burma, which explained the significance of taungya in Burmese forestry in the colonial period. However, it did not refer to taungya after the Second World War at all.70 

			At this conference, shifting cultivation was stressed as a serious threat to the remaining forests in many parts of the tropics. The problem of saving tropical forests from the shifting cultivator was seen as one of the first order.71 This reflected the negative attitude towards shifting cultivation that was widespread in the FAO. The previous World Forestry Congress recommended that the FAO actively continue its enquiry into shifting cultivation at national, regional and international levels. FAO staff appealed to the international forestry networks and criticised shifting cultivation in the humid tropical countries as the greatest obstacle to the immediate increase in agricultural production and to the conservation of production potential for the future, in the form of soils and forests. Remedial measures suggested were the introduction of various agricultural and technological improvements and guided social change from a nomadic to a sedentary way of life and to civilisation, which could help shifting cultivators to emerge from their blind alley.72 The FAO’s approach to forest management in those countries could be regarded as a ‘mission’ of modernisation, which attempted to introduce the formula for developing countries in general. Shifting cultivation was criticised not only by foresters but also by agriculturalists in the FAO. The FAO Freedom from Hunger Campaign, which demanded more food production and its equitable distribution, put additional pressure on shifting cultivation, which was condemned as a wasteful, less productive land use that must be changed immediately to permanent cultivation. 

			In these circumstances, colonial and former colonial British foresters argued for taungya at the Commonwealth and international forestry conferences. At the Eighth Commonwealth Forestry Conference, Malcolm V. Laurie, Director of the Commonwealth Forestry Institute, Oxford,73 introduced one of the items on the agenda, titled ‘The Use of Fire as an Aid to Silviculture and as a Means of Reducing Fire Hazard’. He mentioned the Scientific Council for Africa South of the Sahara (CSA)74 meeting of specialists on open forests in tropical Africa held in Ndola, Northern Rhodesia, in 1959, which dealt with the use of fire in relation to chitemene (local shifting cultivation). A. L. Griffith, silviculturalist of the East African Agriculture and Forest Research Organisation, also referred to the CSA meeting and suggested that the Committee on Silviculture of the Commonwealth Forestry Conference might consider the report of the meeting. D. Moore, Conservator of Forests for Trinidad and Tobago, also asked the committee to consider the use of fire.75 The committee admitted that the use of fire, including taungya, was a well-developed and often essential technique in many countries, although techniques varied to fit the local ecological conditions.76 

			In 1963, the United Nations Conference on the Application of Science and Technology for the Benefit of the Less Developed Areas was held in Geneva. This conference was considered a developed version of the UNSCCUR and more than 2,000 papers were submitted. There were 1,665 participants and 96 governments were represented.77 Agriculture, including forestry, was one of the main subjects and the problem of shifting cultivation in the humid tropics was one of the agenda topics. Participants argued that population growth resulted in a progressive reduction in the length of fallow periods, which became too short to restore fertility, so that productivity declined. The problem, therefore, was to find a system of land use that could be substituted for shifting cultivation. Among the presenters of papers, H. G. Hardley, Conservator of Forests for Burma, suggested that the Forest Department of Burma had made use of shifting cultivation to restock stable areas with teak and other valuable species, and emphasised the utility of taungya. Though the utility of fire for artificial regeneration in the humid tropics was admitted, the conference concluded that the success of taungya in Burma was ‘not normal’ because few countries had so highly developed a forestry service as Burma, where the maintenance of teak forests was also of major economic importance.

			Colonial forestry revisited: Hybrid forestry practices in international forestry networks

			At the Sixth World Forestry Congress in Spain in 1966, the trend of discussion concerning taungya and shifting cultivation began to shift. One of the technical commissions established by the Congress, ‘Forest Questions Specific to Tropical Regions’, discussed the potential of extending and modifying the taungya system, as a means of artificial regeneration and controlling shifting cultivation. There were essentially two reasons why taungya was again a topic of discussion.

			First, support for flexible approaches to shifting cultivation was increasing among foresters. W. E. Webb, consulting forester to Forestal International Ltd in Canada, who worked for the Canadian Colombo Plan, presented a paper on the type of shifting cultivation called jhumia/jhum practised in the Chittagong Hill Tracts in what was then East Pakistan, now Bangladesh. He suggested that jhumia/jhum must be changed urgently to a system of permanent intensive agriculture.78 However, numerous other consultants presented papers at the commission supporting more feasible methods, including taungya. For example, U Aung Din suggested that it had been extremely difficult for local communities to stop shifting cultivation and the use of fire because these practices were social and economic customs, and therefore ways should be found to cope with them.79 U Aung Din also advocated introducing village forests to provide firewood and poles for the villagers. These village forests would be managed by the villagers under the supervision of the forest service, eliminating conflict between the villagers and the foresters.80 W. L. Webb, professor of forestry at Syracuse University in the United States relied on the FAO’s data and argued that more than 3 per cent of the total population in the Asia–Pacific region was represented by shifting cultivators, that 22 per cent of the forest area was modified by shifting cultivation, and that each year an additional 1.75 per cent of the forest areas was cut, burned and planted. On this subject, he concluded that restrictive control of shifting cultivation by imposing penalties, such as fines and imprisonment, was ineffective, based on his experiences in the Philippines. Webb suggested that incentive control of shifting cultivation worked more efficiently, and recommended the taungya system, which provided incentives to shifting cultivators.81 These papers indicated that more foresters shared lessons learned from the failure to eradicate shifting cultivation by the mid-1960s. Additionally, they were influenced by the case studies of the experts who discovered the ecological reasons for shifting cultivation.82 

			In its report, the commission recognised the desirability and possibility of extending the taungya system, as a practical and economic means of artificial regeneration, adaptable to improved land use practices. The commission also approved the proposal that rural populations should be considered in the forestry sector land-use plans, especially providing dedicated village forests for the supply of poles, fuelwood and shelterbelts for the protection of farm crops.83 Finally, the congress recommended that the newly established FAO Committee on Forest Development in the Tropics should organise a study group of anthropologists, sociologists, economists, foresters, agriculturalists, pedologists, ecologists and representatives of all other disciplines associated with the consequences of shifting cultivation to thoroughly study the issues, consult with one another, and provide guidance to the commission.84 

			The second reason why taungya was again a topic of interest was that foresters began to consider it as a form of agro-forestry. Ogbe reported that the taungya system had proven successful as a means of large-scale regeneration in Nigeria and emphasised that this system offered great benefits via the growth of both tree and food crops.85 K. L. Lahiri, Chief Conservator of Forests for West Bengal, revealed there was a great fear of the conversion of forests to agricultural lands in India, as well as in other developing countries. Lahiri argued that as the population of India between 1951 and 1961 had increased by 82 million, this required an increase in the amount of land dedicated to food production. Meanwhile, the per capita forest area in India was 0.22 ha (based on 1959 figures), against a corresponding figure of 0.326 ha in Europe and 3.572 ha in North America. Lahiri expected that the taungya system could offer a model of ‘multiple uses of forest land’,86 providing both timber and food, without loss to forest areas or expansion of lands permanently dedicated to agricultural use, if it were adequately controlled. He estimated that c. 80,000 km2 (or 8 million hectares, approximately 10 per cent of the total forest area in India) could be made available for multiple use.87 Simultaneously, foresters attempted to modify the taungya method to meet the current local conditions. For example, Lahiri experimented with combinations of agricultural crops to extend the terms of cultivation without damaging forest crops, in the hope of providing additional incentives to shifting cultivators and to help secure labour. 

			After the Second World War, the emerging national states had established forestry for rapid economic growth and the political control of territories. The primary purpose of national forest policies was to produce a sustainable yield of valuable timber to contribute to annual revenue. However, the commission stressed that review and revision of national forest policies in the context of overall land planning in developing countries were necessary. Forest services needed to appeal for the multiple utilities of forests, in addition to generating timber.88 In these circumstances, foresters presented taungya as a novel form of forestry, compatible with agriculture. 

			Conclusion

			This work has revealed how new ‘hybrid’ forestry practices such as taungya were produced by the encounter between European forestry models and forest users in colonial regions, although we cannot overlook the unequal power relations and tensions between colonial foresters and indigenous societies. From the 1920s onwards, by examining the discussions at the Empire Forestry Conferences, we found that sharing of experiences throughout the colonies resulted in new management models, which were compatible with the principle of state forestry. 

			Whereas previous studies have discussed the development of colonial forestry within the framework of a dichotomy between European and indigenous, or modern and traditional aspects, it is important to recognise the impact of the interaction between states and local societies and their changing relationships. This study also offers an empirical case study to challenge the Eurocentric diffusion models of modern sciences in the colonial and postcolonial worlds, as well as to support new perspectives on ‘polycentric communication networks’.89 

			Second, this paper has explored how colonial knowledge and practices worked in the multiple forestry networks after the Second World War. Colonial foresters continued to advocate fire as an aid to regenerate valuable trees. Taungya was recognised as a product of their ‘ecological discovery’ and a hybrid practice that adjusted to local conditions. By the early 1950s, foresters in newly independent countries shared this view. However, from the mid-1950s, they argued that taungya no longer worked as a method of regeneration. Indian foresters began to note its disadvantages, which became evident in the changing social and political conditions, and the increasing difficulty of relying on local people as participants in taungya. Furthermore, they preferred modern techniques of artificial regeneration to taungya. Its merit as a tool to control indigenous shifting cultivation was also discussed less in the forestry networks during the 1950s and early 1960s. Experts who engaged in technical consultation and assistance for developing countries regularly advocated radical approaches to convert shifting cultivation to permanent agriculture. 

			However, by the late 1960s, international forestry societies began to re-evaluate the taungya system. By that time, forestry experts working in tropical, developing countries empirically realised the difficulty of changing customary land uses, and therefore taungya as a hybrid and compromise method attracted attention again. Taungya was recommended as a method of agro-forestry because multiple uses of forests became one of the agendas of the international forestry networks. Moreover, the development of village forests, which were used and managed by local people under the supervision of forest services, was favourably discussed. 

			Remarkable similarities were found between these arguments of the international forestry strategies of the late 1960s and the colonial forestry of the 1930s, which aimed to consider local ecologies and societies in tropical countries. Further empirical research is necessary concerning the process by which hybrid forestry, especially taungya, was neglected and reconstructed in multiple forestry networks after the Second World War. Additional research in this area will provide new perspectives and an informed understanding of the legacy of colonial science in the postcolonial world. 
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							Abstract

							This article considers the extent to which knowledge development about an invasive species, Lantana camara L. (hereafter lantana), has been hybrid in colonial, postcolonial and contemporary India. In the colonial period, processes of knowledge development about lantana involved colonial forest officials’ consultation of local socioecological peculiarities in India. Because issues concerning invasive alien species were new to both Europe and the colonies, colonial officials had to develop knowledge and practices in line with the ecological conditions of the colonies. In the postcolonial period, however, that focus on local socioecological conditions in knowledge development became undermined as government forest officials began ignoring local knowledge and practices as well as underestimating issues concerning invasive alien species. In response, since the 1980s, a civil society organisation has played an important role in promoting local adaptation to lantana by organising a lantana craft program. In the future, that and other civil society organisations will play important roles in developing and contributing to hybrid knowledge production and practices. 
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			Introduction

			In most tropical regions, colonial governments of the past imposed modern forms of government on land and forests. As a consequence, natural and social landscapes were fundamentally transformed, particularly by demarcating forest reserves (state forests), taking inventories, calculating statistics, formulating working plans, conducting silvicultural operations and replacing natural forests with plantations. Such colonial transformations thus heavily influenced the present situations of developing and emerging countries in the tropics.1 However, the dissemination of modern Western knowledge about land and forest management was not always linear or uniform. Not only did its penetration and actual effects differ according to the geographical, ecological and socioeconomic characteristics of each region, but processes of modification and feedback during interaction with local situations and practices occurred as well. For example, colonial forest officers, in drawing from Western forestry practices that dogmatically banned using fire in forest management, were determined to eliminate the use of fire from forest management in the Bengal region of British India. However, after experiences in various socioecological localities in India, such officers gradually ‘discovered’ that proper uses of fire were effective in regenerating sal (Shorea robusta) forests in certain climatic conditions. As a result, ‘taungya’, a shifting cultivation-cum-reforestation method, was applied in the silvicultural systems of British India.2 Likewise, scientists in British colonies and in postcolonial countries once under British rule, began investigating and consulting local socioecological information in search of appropriate methods of forest management and agricultural development.3 

			Those studies teach that knowledge about land and forest management has been socially constructed during interactions between colonisers (e.g. colonial officers and scientists) and colonies, their local ecological conditions and locals living in those conditions. By scrutinising such interactions, we can obtain more concrete understandings of hybridity in processes of knowledge development resulting from dynamic interactions among various actors in the colonial and postcolonial periods. 

			The studies also indicate that colonial governments sought to extend their power by territorialising land and designating certain valuable timber and non-timber species—in tropical Asia, teak (Tectona grandis) and sal, among several others—in the name of preservation or protection.4 The aforementioned interaction in knowledge development and modification occurred amid processes in which colonial governments searched for appropriate methods of managing specific geographical and ecological localities. In that process, attention from colonial governments created a space where interaction and discussion concerning the knowledge of proper management occurred. 

			However, little is known about colonial governments’ reactions to plants other than commercially important ones, particularly their reactions to invasive alien species. According to the International Union for Conservation of Nature, an ‘alien species’ is one introduced into an area beyond its natural past or current distribution. If such a species becomes problematic, then it is termed an ‘invasive alien species’.5 Species introduced from outside may not always succeed in growing, for many cannot survive in non-native natural conditions. However, if successful in adapting to a new environment, alien species may become more prevalent than existing native species due to the absence of predators and their largely unrestrained fertility. In time, the proliferation of alien species can adversely affect existing ecosystems and genetic diversity, as is manifested by current challenges caused by invasive alien species in many parts of the world.

			Increased human mobility in the colonial period played an important role in the mobility of plants across the globe,6 including invasive alien species.7 For example, Britain both imported and exported invasive alien species, whether advertently or not, as a result of its colonial expansion. It and other colonial governments, at least to some extent, thus faced the need to redress problems in their colonies caused by species new and unknown to colonisers and colonies alike. For that reason, colonial governments could not draw upon existing knowledge and experiences from back home, but had to gather information and consider effective measures from observations and experiments conducted in the colonies. Because every species grows in specific ecological, geographical and social conditions, the struggle of colonial governments can therefore be regarded as an effort to discover the best way of managing invasive alien species with reference to the local ecological, geographical and social conditions of colonies. In that light, developing knowledge about controlling invasive alien species represented an attempt to forge new methods in tropical colonies instead of modifying Western ones. 

			In this article, I focus on Lantana camara L. (hereafter lantana), ranked among the worst invasive alien species in the world,8 one that has spread throughout India since the colonial period.9 The global spread of lantana was clearly a consequence of British colonisation. Native to Latin America, the species was introduced to Europe in 1690 and brought to British colonies in the nineteenth century: to India in 1807, to Australia in 1841, and to South Africa in 1880.10 In British India in particular, forest administration confronted the need to address and manage the new, unknown species. 

			The negative effects of lantana’s spread on ecological environments and society have been identified.11 Given its high ecological and physical tolerance, lantana can easily gain prevalence and alter or even replace existing ecosystems. As it grows rapidly and comes to dominate other species, it can also hinder the regeneration of forests. Beyond that, lantana can invade into pasture and fallow lands, thereby decreasing opportunities for grazing and agriculture.

			In the context of India, several studies have addressed lantana or other invasive alien species from historical and socioecological perspectives. The historical processes of lantana’s spread have been fleshed out with geographical information and local histories,12 while the plant’s uses in the Western Ghats region, as reported by local forest dwellers, have been analysed in terms of prospects for its adaptive management.13 Other work has examined relationships between fire and lantana,14 which is a fire-tolerant species. Attempting to eradicate lantana by fire generally only kills all other species, allowing lantana to thrive free of competition. However, drawing on the knowledge of a local forest tribe, one study has shown that the careful, traditional use of fires played a role in suppressing the spread of lantana in Karnataka before the 1970s, when the area was declared a protected one and the use of fires completely prohibited. Lantana spread rapidly afterward, largely as a consequence of terminating traditional practices involving the use of fire.15 In another study, the colonial government’s strategies emphasising the eradication of undesirable plants became associated with the expansion of state control.16 

			In this article, I pursue three directions that have been beyond the scope of earlier studies on lantana. First, I explore how colonial officers consulted local ecological, geographical and social conditions, as well as local traditional knowledge and practices, in developing knowledge about lantana. To that end, I consulted articles in The Indian Forester, one of the oldest forestry journals in the world, and information in forest administration reports issued by colonial forest departments. The results suggest that past understandings of lantana were not as straightforward as perhaps are currently imagined, and that the species may have been thought to have some utility, especially in arid conditions in India. Second, I show that the development of knowledge about lantana among colonial officers with reference to local socioecological conditions gradually disappeared in postcolonial India. For support, I draw from a rich body of secondary literature addressing the Western Ghats region, based on the work of contemporary scientists in India. Last, using data obtained from fieldwork that I conducted in the Western Ghats region (i.e. in the state of Karnataka) in March 2018, I report on the post-1980s emergence of the local adaptive management of lantana in India, particularly the contributions of a civil society organisation consisting of various scientists. Combining those three trajectories, this article considers how and in what sense knowledge development about lantana has (not) been hybrid in colonial, postcolonial and contemporary India. 

			Lantana in colonial India and articles in The Indian Forester

			Lantana is thought to have been introduced into India in 1807 as an ornamental plant for the Calcutta Botanic Garden. Soon after, the species began to spread across British India because of subsequent introductions from Europe or its exchange and transfer among cantonments. Once the first herbarium example was collected in the wild in 1814, the number of such accessions grew, especially after the 1850s.17 

			As is shown in Table 1, an article on lantana first appeared in The Indian Forester in 1895. During the colonial period, such articles focused on reporting field realities across India, for little was known about the spread and possible effects of the species. 

			Table 1: Articles addressing lantana published in The Indian Forester to 1980.

			
				
					
					
					
				
				
					
							
							Year

						
							
							Title of article

						
							
							Type of article

						
					

				
				
					
							
							Colonial

						
					

					
							
							1895

						
							
							Is the Lantana a Friend or an Enemy?

						
							
							Report of field realities

						
					

					
							
							1913

						
							
							Destruction of Lantana

						
							
							Others

						
					

					
							
							1916

						
							
							Lantana in the Forests of Coorg

						
							
							Report of field realities

						
					

					
							
							1919

						
							
							Some Enzymes of the Leaf of Lantana camara

						
							
							Experimental method: chemical control

						
					

					
							
							1920

						
							
							The Insect Pests of Lantana

						
							
							Experimental method: biological control

						
					

					
							
							1920

						
							
							Lantana in the Math Working Circle of the Savantvadi State Forests

						
							
							Report of field realities

						
					

					
							
							1930

						
							
							Lantana in Northern India as a Pest and its Probable Utility in Solving the Cowdung Problem

						
							
							Report of field realities

						
					

					
							
							1931

						
							
							Lantana and Cowdung Problem

						
							
							Report of field realities

						
					

					
							
							1933

						
							
							Control of Lantana: A Suggestion

						
							
							Report of field realities

						
					

					
							
							1933

						
							
							The Eradication of Lantana with Elephants in the Melghat Division, C. P.

						
							
							Report of field realities

						
					

					
							
							1934

						
							
							The Lantana Seed-Fly in India

						
							
							Experimental method: biological control

						
					

					
							
							1935

						
							
							The Rate of Spread of Lantana in Chamba

						
							
							Report of field realities

						
					

					
							
							1936

						
							
							Note on Lantana camara in the Simla Hills

						
							
							Report of field realities

						
					

					
							
							1941

						
							
							The Econtrol of Lantana by a Sodium Chlorate Spray

						
							
							Experimental method: chemical control

						
					

					
							
							1944

						
							
							A Note on the Imported Lantana Bug (Teleonemia scrupulosa Stal)

						
							
							Experimental method: biological control

						
					

					
							
							Post-colonial

						
					

					
							
							1949

						
							
							Angiospermic Parasites of Our Forests

						
							
							Others

						
					

					
							
							1949

						
							
							Control of Lantana Camara

						
							
							Report of field realities

						
					

					
							
							1953

						
							
							Further Remarks on the Distribution of the Lantana Bug, Teleonemia scrupulosa Stal (Hemiptera, Tingidae) in India Since its Introduction in 1941 from Australia

						
							
							Experimental method: biological control

						
					

					
							
							1954

						
							
							Preliminary Note on the Use of Butyle Ester in Eradicating Lantana

						
							
							Experimental method: chemical control

						
					

					
							
							1956

						
							
							Thirty-seven Years of Silvicultural Research in the Madras State 1919 to 1956—A Historical Outline

						
							
							Report of field realities

						
					

					
							
							1960

						
							
							Eradication of Lantana, Eupatorium and Other Pests

						
							
							Report of field realities

						
					

					
							
							1965

						
							
							The Feeding Habits of the Larvae of Hapalia machaeralis, the Teak Leaf Skeletoniser, on the Leaves of Lantana camara Linn., and a Suggestion for Evolving a New Insecticide

						
							
							Others

						
					

					
							
							1966

						
							
							Writing and Printing Papers from Lantana camara

						
							
							Experimental method: possible utility

						
					

					
							
							1968

						
							
							Note on Control of Lantana Camara (Feeler Trial) and Future Proposals for its Total Eradication

						
							
							Experimental method: chemical control

						
					

					
							
							1969

						
							
							Eradication of Lantana camara by Lantana Bug

						
							
							Experimental method: biological control

						
					

					
							
							1971

						
							
							The High Altitude Ecology of the Lantana

						
							
							Report of field realities

						
					

					
							
							1974

						
							
							Taxonomy and Ecology of Mothronwala Swamp, a Reassessment

						
							
							Others

						
					

					
							
							1976

						
							
							Studies on the Use of some Weedicides on Lantana camara

						
							
							Experimental method: chemical control

						
					

					
							
							1976

						
							
							Occurrence of Lantana Lace Bug. Teleonemia scrupulosa, Stal (Hemiptera: Tingidae) in South India

						
							
							Experimental method: biological control

						
					

					
							
							1980

						
							
							Weed Control in Pinus Plantations II—Effect of Weedicides on the Growth of Lantana camara

						
							
							Experimental method: chemical control

						
					

				
			

			Source: The author.

			Ambivalent colonial understandings of the harmfulness and utility of lantana

			Written by an anonymous author, the first article published in The Indian Forester about lantana was titled ‘Is the Lantana a Friend or an Enemy?’18 The title indicates that the plant was not viewed as being unequivocally harmful during the nineteenth century. In the article, the author refers to a couple of discourses concerning lantana among colonial forest officers, which showcases a view that the species could contribute to boosting the density of wood in forestland. Correspondence referring to the situation in Coorg argued:

			On cultivable and pasture lands, as well as on lands where grass is grown and harvested and where tree growth is at best a secondary aim, there would seem to be no doubt that the shrub is an evil, and should be eradicated … as regards the utility or otherwise of this plant in forest areas where the object is solely to obtain a dense growth of trees and bamboos and to complete the canopy … it seems quite possible that the spread of Lantana over blanks and open places may materially aid in attaining the object in view.19 

			By synthesising correspondence reporting regional situations, including from information in Berar that lantana negatively affected grazing land, water supply and cultivated areas, the anonymous author eventually inferred that lantana was generally considered to be a destructive pest that should be eradicated in one way or another. However, it is important to recognise that there were various interpretations of lantana, and this species was not necessarily regarded as harmful.

			As similar information accumulated from across colonial India,20 as well as from abroad,21 common understandings developed holding that lantana was indeed a pest that would harm existing vegetation and was likely to reduce opportunities for local agriculture and grazing. In response, the most common method of managing the plant’s spread applied by colonial forest departments was manual uprooting.22 Today, such views and practices undergird current understandings of lantana as an invasive alien species liable to harm biodiversity and the livelihood of locals. 

			Other sorts of opinions considering the possible utility of lantana also surfaced. A report from the United Provinces in the 1930s mentions that lantana had become widespread in the region by 1930,23 and fallow and pasture lands for agriculture, as well as scrub and miscellaneous forests, had indeed been severely affected. In that light, lantana was indeed detrimental to lands used for grazing and cultivation. Even so, the author refers to the plant’s possible growth in arid places and deserts, where nearly no vegetation occurred and where cow dung, often used for agricultural manure elsewhere, had to be used for fuel due to the absence of biomass to burn as fuelwood. If lantana could grow in such places, the author argued, then it could serve as a source of fuelwood and, in turn, allow cow dung to be used for agricultural purposes: 

			The habit of Lantana may prove a blessing for districts of the Agra Civil Division, Rajputana Mewar and Sind desert lands round habitations, as fuel reserves, where the scarcity of vegetation has rendered it necessary to substitute cowdung in place of fuel at the sacrifice of field manure and where the summer is unbearably hot. If Lantana can grow there, it may be a boon and deserves a fair trial.24 

			Regarding an arid region in the United Provinces, another report also mentioned the following: 

			to draw the conclusion that a pest is a nuisance everywhere is not correct … in view of the dangerous soil erosion that is going on in some districts in the United Provinces, lantana is well worth trying in wastes subject to erosion, to solve the fuel problem and save the cowdung for manuring the fields, in addition to prevention of soil denudation.25 

			Yet another report on the Shimla Hills focused on how lantana could hinder overgrazing by forming dense thickets and thus countering erosion: 

			Lantana is the greatest safeguard against overgrazing, denudation and erosion: indeed for the drier ranges of those low hills it is probably the finest counter erosion agent that we have. Water-flow figures could not be obtained, but one could not help being struck with the fact that the streams which flowed from the comparatively small Lantana infested catchments contained a much greater volume than those which flowed from the much larger catchments in which Lantana was absent.26 

			In my literature search, I did not collect sufficient information to confirm whether the suggestions mentioned had been put into practice. Nevertheless, because the accounts refer to socioecological characteristics in each region, their authors, whether intentionally or not, had clearly sought to develop knowledge by consulting India’s diverse socioecological conditions and characteristics, including those in extremely arid regions and cool, hilly ones, among others. Thus, discourses about lantana in the colonial period were more diverse than may currently be assumed.

			Relations between colonial officers and locals concerning lantana

			Evidence suggests that the colonial forest administration in India attempted to integrate locals into the eradication and management of lantana. In the early twentieth century, the method of manual uprooting proposed for use to eradicate the plant required ample labour, the procurement of which proved to be a challenge for colonial forest officials. In Coorg in the 1910s, local cultivators, or ryots, were expected to provide labour for uprooting lantana in exchange for opportunities for free grazing. However, the reaction of local cultivators disappointed the officials: 

			It was hoped that the destruction of the lantana would greatly benefit the local ryots owing to the removal of the harbour which it gives to elephants, tigers, panthers, and pigs, local labour on a considerable scale would be available … The local ryot however is comparatively well off, and is one of the laziest people in the country, and it was very soon found that in spite of the willing co-operation of the Commissioner (Mr. Harris) and his Revenue officers and of the offer of free-grazing as a reward for good work the local people were absolutely useless.27 

			When incentives failed to motivate ryots to join operations to uproot lantana, the officers had to seek out contract labourers from beyond the localities of the operations. In the 1930s, officials in the Shimla Hills reported a similar case in which locals had expressed apathy when urged to eradicate lantana.28 

			Another example of the attempted integration of locals into the management of lantana was the lease system. In the Savantvadi area of the Bombay Presidency in the 1910s, the forest department arranged to lease tracts of forestland to local peasants for two-year periods. In the first year, the peasants would be expected to cut down all growth, including infestations of lantana, and in due course set fire to the area in preparation for sowing crops. In the second year, crops would be raised and, after their harvest, the leased forestland plots would be returned to the forest department.29 However, forest administration reports mention that this practice was not undertaken in 1936 and 1937 because local cultivators showed no desire to eradicate lantana and afforest the assigned area, thereby defeating the purpose of the lease system.30 

			Overall, little evidence suggests that locals were effectively integrated or mobilised to manage lantana, either as labourers or active agents, during the colonial period. It was also unlikely that they adapted to lantana in their environments by utilising it or by any other means, and little evidence suggests that they provided feedback on methods of addressing lantana. Unlike in the case of taungya,31 feedback in the form of local socioecological responses, which had transformed Western forestry knowledge and practices into the local contexts of Bengal, was not found to exist in the case of lantana.

			Changes in the forest sector and of views on lantana in the postcolonial period

			In the postcolonial period following India’s independence from Britain in 1947, at least two important changes can be identified that relate to lantana and to broader relationships between government forest officials and locals about forests and ecology. 

			First, transformations in socioecological characteristics caused by forest policy had ramifications for managing lantana. After independence, due to growing demands from the populace for agricultural land and each state’s desire for greater revenues, forests and forestland were often subject to development. Until 1976, forestry was the domain of state governments, and the authority of the central government over forestry practices and policy was limited. Thus, it was institutionally difficult to enforce conservation-oriented policy across the states. In some cases, the policy was not even oriented to conservation, as in the 1952 Forest Policy that prioritised commercial timber production. Those circumstances resulted in deforestation and forest degradation in many parts of India during the period from the 1950s to the 1970s.32 

			Such developments in forestry have been considered to have affected the invasion and control of lantana. A study conducted in 2013 to trace the historical process of the prevalence of lantana in the Western Ghats region showed that lantana’s invasion had expanded and accelerated after the 1950s. The authors surveyed retired forest officials who had worked at various forest stations in the Western Ghats region between 1950 and 2000 and also village elders about whether they had observed lantana and, if so, where and when. The survey revealed that lantana had begun to spread primarily after the first decade of the twentieth century, particularly in the southern part of the region, at a pace that had evidently accelerated after the 1950s, by which time the species covered all of the Western Ghats. Although front-line forest officials had recognised lantana as a problematic plant, few attempts were made by the state forest department to eradicate it, operations for which were conducted only for timber plantations. Local tribes in the Western Ghats region had also recognised that lantana was problematic, in particular because it reduced fodder for cattle.33 

			From an ecological standpoint, lantana is likely to invade sites recently disturbed by timber logging or forest clearance, among other activities. Indeed, the above-mentioned study confirmed that the places that were highly infested by lantana in the Western Ghats region were abandoned estates and plantations.34 That implies that the number of sites cleared of forest biomass increased through forest development and that lantana easily invaded such clear, open spaces. The occurrence of forest fires might have also contributed to its proliferation, given it is a fire-tolerant species. If a fire was to occur and species other than lantana were to die out as a result, then the space left over would be ideal for lantana to invade.35 In that sense, the spread of lantana in the postcolonial period was, at least partly, caused by a forest policy based on timber extraction and other types of forest development.

			Second, views on lantana in The Indian Forester gradually changed. As is shown in Table 1, forest officials in the colonial period had sought to consult and learn from local socioecological realities and, likewise, articles published before India’s independence, with the exception of ones purely about experimental methods, were likely to report realities in the field from across India. However, after independence, the number of articles addressing such methods (for example, chemical and biological control) gradually increased, and reports of field conditions, particularly those taking Indian geographical peculiarities into account, seem to have decreased. Of course, that trend could have represented a universal phenomenon in the process of technological development and/or academic advancement. As such, it would indicate the penetration of modern scientific forestry principles,36 especially their assumption that environmental problems could be solved with technology, including chemical and biological methods. Novel uses of lantana were discovered through such scientific experiments even outside The Indian Forester,37 such as herbal medicine,38 oil39 and mulching for soil.40 In any case, evidence implies that the endeavours of forest officials to consult and learn from local realities waned during India’s postcolonial period.

			Emerging local adaptation to lantana in contemporary India

			In the Western Ghats, several types of local adaptation to lantana emerged after the 1980s. In particular, local ethnic minorities such as the Soligas, Koravas and others gradually began using the invasive alien species as an alternative means of livelihood.41 Prior to the 1970s, local communities in the region had extensively used bamboo for basketry, while paper mills in Mysore harvested bamboo. Against that backdrop, the availability of bamboo as a resource gradually decreased, especially when Karnataka’s state forest department restricted locals’ access to bamboo due to poor regeneration and the plant’s declining natural stock in the region. Moreover, a restriction on bamboo use greatly affected local communities, whose handcrafts using bamboo had been a chief source of income. As a consequence, the Koravas, a community of traditional basket weavers, gradually shifted to using lantana in their baskets as an alternative to bamboo. This resource shift occurred during the 1980s. In another example, some members of the Soligas, a group of hunter-gatherers that had long inhabited the Male Mahadeshwara Hills (MM Hills) of the Western Ghats, started making furniture with lantana in the mid-2000s as part of a conservation-cum-livelihood project organised by a civil society organisation called the Ashoka Trust for Research in Ecology and the Environment (ATREE). 

			Based in Bengaluru in the state of Karnataka and employing various scientists who provide evidence-based implications for policy, ATREE has described itself as a ‘global non-profit organisation which generates interdisciplinary knowledge to inform policy and practice toward conservation and sustainability’.42 Among its activities, ATREE has implemented a lantana craft program in the MM Hills, one prescribing a ‘conservation-by-substitution’ approach that attempts to prevent or mitigate the further proliferation of lantana by promoting the proper, continuous use of the species. The program’s logic is that if an invasive alien species can become a resource, then its spread will necessarily be managed. In affiliation with the program, ATREE established the Lantana Craft Centre in 2004 that has since provided training opportunities for local communities, especially the Soligas. Several master craftsmen who work at the Craft Centre have trained both local and out-of-state program participants in making canes and various kinds of furniture, including chairs, for which lantana is procured and skilfully processed as a resource. 

			However, ATREE’s activities relating to lantana crafts did not result from interaction with local knowledge and practices in the Western Ghats region. According to a document provided by ATREE,43 an organisation in the Himalayan state of Uttarakhand started promoting the use of lantana to make furniture in 1992. Once ATREE learned about that practice, it began a similar project in Karnataka. Thus, it seems that ATREE did not develop the program inspired by Koravas’s practices of using lantana as an alternative to bamboo in the 1980s. Nevertheless, the civil society organisation has affected local practices by using lantana as a form of promoting adaptive management. Because ATREE comprises various scientists, including ecologists who work closely with local populations and use local knowledge,44 ATREE and its members can be regarded as agents of change from the outside. 

			In terms of scale, however, the gap between the standing stock of lantana and the volume of its use has remained wide. There were 17 lantana craftsmen in the entire MM Hills region in March 2018, when I conducted the fieldwork. They procured lantana stems by themselves; a market-based method in which ordinary villagers collect lantana and sell it to craftsmen was only limited. A study in the MM Hills has also estimated that the amounts of standing stock of lantana are far greater than the annual amount needed for the craftsmen.45 

			In parallel, practices for controlling invasive alien species as well as adaptive management methods based on local participation have not become mainstream in any way whatsoever in official forest management systems. For example, the Working Plan for Kollegal Forest Division for 2002–11,46 which covers the MM Hills, makes no reference to lantana, even in its list of sources of forest damage, despite including natural causes (for example, droughts and winds), human activity (for example, cultivation), fires, unscientific cutting or removal of forest produce, grazing, and even wildlife. Working circles—that is, classifications of forest compartments according to the operations performed—also make no reference to lantana or any other invasive alien species. By little contrast, a more recently crafted policy, namely the Management Plan for the Chamarajanagar Wildlife Division for 2008–17,47 makes reference to lantana simply as an exotic weed and articulates no concrete action plan for addressing its management. It thus seems that the problem of invasive species in India has not been ‘mainstreamed’ in the state forest management system.

			Discussion and conclusion

			This study has confirmed that processes of developing knowledge about lantana in India’s colonial period involved colonial forest officials’ consultation of local socioecological peculiarities in the country’s various regions. Because issues concerning invasive alien species were new to both Europe and colonies such as India, colonial officials had to develop knowledge and practices in line with ecological conditions in the colonies. The reality of lantana’s invasion and trials of potential methods of controlling it were reported from across India, and the information was disseminated in The Indian Forester. In particular, once a common understanding was formed that lantana was generally harmful to forest regeneration, grazing and agriculture, discussions arose about its possible utility in extremely arid conditions of the sort not found in Europe. Such discourse could be regarded as a result of hybridity derived from examinations of India’s peculiarities, in line with Shoko Mizuno’s argument.48 However, unlike in the case of taungya in West Bengal, feedback from local socioecological responses, which transformed Western forestry knowledge and practices, was not confirmed in the case of lantana. Knowledge was primarily developed by and belonged to colonial forest officials. 

			In the postcolonial period, however, the focus on incorporating local socioecological conditions in knowledge development was undermined. In The Indian Forester, the number of articles focused on experimental methods increased, whereas the number of ones examining realities in the field decreased. Perhaps information about local situations had been sufficient by that period; regardless, the influence of the advancement of scientific methods on the trend cannot be denied. Although other factors merit consideration before any conclusions can be drawn, it is worth hypothesising that the principles of modern scientific forest management penetrated into forest bureaucracies and, as a consequence, ignorance of local knowledge and conditions ballooned in postcolonial India.49 During that period, commercial timber operations and other means of forest development, all backed by the forest policy, were conducted on a greater scale than in the colonial period. As a result, lantana became more prevalent, as it easily invaded forestlands once they had been cleared. 

			Since the 1980s, however, local adaptation processes have gradually emerged, and at least one example of spontaneous adaptation by using lantana as an alternative to bamboo can be identified. Beginning in the 2000s, a civil society organisation, ATREE, has played an important role in promoting local adaptation by organising a lantana craft program. Of course, that civil society organisation is another element of hybridity in the process of knowledge development, and locals are allowed to become agents in that process as well. By contrast, the state forest department has maintained conventional methods of and attitudes toward forest management, and it is safe to conclude that government forest officials after India gained independence have largely ignored local knowledge and practices, as well as underestimated the consequences of invasive alien species. The above-mentioned findings are summarised in Table 2.

			Table 2: Summary of the knowledge development process referring to periods and stakeholders.

			
				
					
					
					
					
					
				
				
					
							
							Period

						
							
							Lantana

						
							
							Government (forest officials or scientists)

						
							
							Local population

						
							
							Civil society organisation

						
					

				
				
					
							
							Colonial (up to 1949)

						
							
							Gradual spread across India.

						
							
							Gathering information and making suggestions by consulting local socioecological conditions in India. Mostly uprooting eradication operations.

						
							
							Effects of lantana on livelihoods. Little involvement in eradication operations.

						
							
					

					
							
							Postcolonial (up to the 1980s)

						
							
							Spread and prefoliation accelerated.

						
							
							Consultation of local socioecological conditions gradually decreased. More experiment-oriented. Forest policy made commercial and exploitative.

						
							
							Growing recognition of lantana as an annoying weed. A case of local adaptation due to the scarcity of wood resources available.

						
					

					
							
							Contemporary (since the 1980s)

						
							
							Conventional forest management principles continued.

							Adaptive management strategies not adopted.

						
							
							Cases of local adaptation because of a civil society organisation.

						
							
							Promoting local adaptation.

						
					

				
			

			Source: The author.

			In sum, processes of knowledge exchange and discovery in the colonial period warrant close examination, as Mizuno underscored.50 A focus on invasive alien species can enrich that research direction, because such species were new to both Europe and the colonies, and colonial officials thus had to make special reference to local socioecological conditions. Against that possibility, however, is the fact that issues of invasive alien species have not been ‘mainstreamed’ in government forest management systems during the postcolonial and contemporary periods. As a consequence, the principles of scientific management and ignorance of local knowledge have been strengthened and the hybridisation of knowledge development observed in the colonial period has waned in the postcolonial period. In response, civil society organisations can be expected to play an important role in hybrid processes and practices of knowledge production in the future. 
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							Abstract

							As worldwide interest in sustainable forest management continues, this paper aims to contribute to the debate about the direction of the flow of science and knowledge by adding information that hybridity of knowledge occurred in international projects. As a case study, I selected a forestry development project of Burma called Forestry Project II East Pegu Yoma Project, funded mainly by the World Bank in the 1980s. By analysing the reports of this project, I attempted to find what kind of local knowledge was adopted, and to explain why that happened. The reports showed that they focused on logging teak (Tectona grandis) for export and establishing tree plantations, and they used techniques that came from the past, such as elephants and floating for logging, and the taungya method for planting, alongside modern techniques. The reasons why the project selected local species, activities and methods were considered to be because: (1) the then government intended to earn foreign exchange from exporting teak logs; (2) teak forestry had a long history in Burma, and the organisations, institutions and techniques aiming for sustainable yield already existed; (3) the project considered that local methods were suitable for particular ecological and socioeconomic conditions. 
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			Introduction

			Sustainable forest management in the tropical region has been a long-term interest for various stakeholders. For instance, a concept called ‘sustainable yield’ was promoted in nineteenth-century British Burma. In the 1990s, international organisations started to focus on participatory approaches in expectation of achieving better results.1 However, forested areas in the tropical region are still being depleted despite the various efforts made by international and national organisations.2 Reviewing the past could be a meaningful way to understand how projects might be affected by local conditions. 

			Shoko Mizuno summarises the debate among historians about the direction of the flow of science and knowledge applied in natural resource management of colonial territories. She notes that some scholars consider that the knowledge necessary to carry out resource management was imported into the territories by colonial scientists who believed that the modern science of Europe was more advanced than local knowledge, and the intentions of the institutions prepared for the management and conservation were to maximise the revenue for the colonial government and to exclude the local people in order to monopolise the resources. Other scholars argue that colonial scientists were relatively independent, and since the management of resources in unfamiliar tropical territories was much more complicated, ecologically and politically, the colonial scientists carefully observed the natural environment and the people, and this resulted in some kind of a hybridity of European and local knowledge, which aimed to utilise the resources in a sustainable and efficient way.3 Mizuno also explains that ‘taungya’, ‘early-burning’ and institutions of ‘Forest Villages’ and ‘Village Forests’ were examples of the hybridity of knowledge.4 

			We are now deepening our understanding that hybridity of knowledge in resource management might have occurred in some circumstances during colonial times. The relationship between the rulers and the local people at the field level could have been much more perplexing and diverse.5 For instance, hybridity has been referred to in the legal sciences as ‘legal pluralism’,6 and the complexity of governing has been studied in detail.7 

			Mizuno also mentions that the situation in the former colonial territories after independence is not yet clear, and emphasises the importance of conducting more research.8 She suggests that the influence of the colonial scientists could have remained after the Second World War, as they provided practical information about resource management at international conferences, derived from their experiences, which were based on ecological principles aiming to conserve and utilise the resources.9 

			Therefore, the aim of this paper is to contribute to the above debate about the direction of the flow of science and knowledge by adding information about hybridity of knowledge in international projects of forest management in former colonial territories.10 To achieve this aim, as a case study I will focus on a forestry development project of Burma,11 the Forestry Project II East Pegu Yoma Project, which was implemented during the 1980s. Firstly, I will describe what kind of hybridity of knowledge occurred in this project, and secondly, I will attempt to explain why local knowledge was adopted.12 I selected this project mainly because of the availability of information; however, it was the second phase of one of the oldest projects in Burma and was ‘the first phase of forestry and forest industry development in the East Pegu Yoma’.13 Burma was colonised by Britain as a result of three wars between 1824 and 1885, and was ruled as part of British India. In 1937, Burma separated from India. During the Second World War, Japan occupied Burma. In 1948, it gained independence from Britain. 

			The reasons why local methods were applied in forest-related projects might be explained by a number of factors, which might have interacted to determine the contents of the project. As shown in Figure 1, the factors might be at a macro level, such as the international and national conditions, or at a middle level, such as the forest ecology of the project area, or even at a micro level, such as the personal abilities of the staff. In this paper, since the main interest is the local situation, the international level will not be included. Also, I do not have enough information to analyse the characteristics of the staff. 

			The factors could be interrelated, so I will analyse them through four aspects. The first is the economic reasons that might be reflected in the borrower’s policy and the performance of the project. The second is the historical background that might be observed in the existing organisations and institutions. The third is the ecological conditions that might be related to the existing techniques. The fourth is the social situations that might be linked with the choice of techniques and the use of labour. 

			[image: Figure 1: Hypothetical model of factors affecting the contents of forest-related projects]

			Figure 1: Hypothetical model of factors affecting the contents of forest-related projects.

			Source: The author.

			Information for this paper was mainly obtained from the United Nations Information Centre (Yangon), the Food and Agriculture Organization (Yangon), the Myanmar Forest Research Institute (Yezin), the British Library (London) and the School of Oriental and African Studies (London). 

			The Forestry II East Pegu Yoma Project

			Outline of the project

			The Forestry II East Pegu Yoma Project (EPP) was funded mainly by the International Development Association (IDA) of the World Bank, for the Socialist Republic of the Union of Burma. The appraisal report for the EPP was prepared in 1979 as a five-year project, starting in the fiscal year (1 April to 31 March) of 1979/80 and ending in 1984/85. It was drafted to complement the Forestry I project, in which the IDA lent US$24 million in 1974. The financial disbursement of the EPP started in 1979/80 and actually ended in 1986/87 due to slow implementation. The plan was to disburse $US35 million (53 per cent of project costs). The Government of Burma finally received US$24.9 million and the rest was cancelled.14 

			Preparation and implementation of the project was carried out by local staff and the staff of the Food and Agriculture Organization (FAO). The co-operative program was provided by the FAO and the World Bank (the International Bank for Reconstruction and Development, or IBRD). The executive agency was the Ministry of Agriculture and Forests (MAF). Two governmental organisations, the Timber Corporation (TC) and the Forest Department (FD), were the main implementing agencies under the overall coordination of the Ministry of Agriculture and Forests. The TC and FD set up project units, each with a project director. The project unit of the TC was responsible for extraction, sawmilling, road construction and road maintenance. The project unit of the FD was responsible for the implementation of the plantations. The project director was required to have qualifications and experience acceptable to the IDA.15 

			The EPP considered the ability of the local staff to be sufficiently high. A Forest Feasibility Study was carried out as a component of the previous Forestry I project, and the ‘the principal objective was to prepare a program for the systematic development of Burma’s forest-based industries, matched with the resource potential’.16 It included a feasibility study for timber extraction in the East Pegu Yoma. The detailed proposal for the EPP was prepared by the Government of Burma, with assistance from the co-operative program. The Project Preparation Committee was composed mainly of TC and FD staff. The committee ‘drew extensively on experience in Forestry I, the Sagaing Project and [Forest Feasibility Study], and presented a Preparation Report to IDA’; ‘the Preparation Report was considered a sound basis for a project, and an IDA appraisal team visited Burma’.17 They commented that ‘significantly, TC and FD were capable, with the assistance and advice from the co-operative program, of themselves preparing the Forestry II project’.18 

			Having an aid program would have been an opportunity to introduce new ideas. However, in the EPP, not only were new ideas introduced but also local ideas. In the 1970s, there was an international anticipation about the growth of population and demand for resources. The FAO reported that the annual consumption of pulp and paper, of which 96 per cent was supplied by the developed countries, could double between 1973 and 1985. Therefore, they recommended pulp and paper industries be established in the developing countries, by sourcing raw materials from the tropical forests and plantations, and building mills in those locations. They mentioned that experiments on fast-growing tree plantations and the feasibility of pulp and paper production had already been carried out in various tropical countries, and that they were ready to assist the developing countries.19 Some countries like Thailand took it up on an industrial scale.20 However, in the EPP, the three principal sectoral objectives were to maximise teak log export revenue in the short term, to satisfy the domestic market for sawn hardwoods, and to develop a strategy to maximise long-term economic returns from the forest resources.21 The detail of the objectives and components of the EPP is shown in Table 1. The ideas and activities that continued from the past included logging teak trees for export and teak plantation. The relatively new ideas included experimenting with mechanised methods to establish plantations of fast-growing species, constructing new sawmills and providing overseas training for their staff.22 

			Table 1: Project description.

			
				
					
					
				
				
					
							
							Objectives

						
					

					
							
							1

						
							
							To increase teak and hardwood export revenues by increasing projected teak log and sawnwood exports to 68,100 Ht and hardwood exports to 42,400 Ht

						
					

					
							
							2

						
							
							To increase the supply of sawn hardwood to the domestic market from 36,400 Ht to 105,300 Ht

						
					

					
							
							3

						
							
							To augment teak supplies through compensatory plantations

						
					

					
							
							4

						
							
							To select suitable fast-growing species and to establish land clearing techniques for future large-scale plantation establishment of fast-growing species

						
					

					
							
							Components

						
					

					
							
							a

						
							
							Setting up project units in the project area for extraction and saw milling under the Timber Corporation (TC), and for plantations under the Forestry Department (FD)

						
					

					
							
							b

						
							
							Provision of new, and rehabilitation of existing, extraction equipment that would increase annual extraction capacity by about 290,000 Ht and reduce teak log losses

						
					

					
							
							c

						
							
							Construction of roads to improve access to currently inaccessible or poorly accessed forest areas

						
					

					
							
							d

						
							
							Upgrading the maintenance capacity for mechanical equipment in the project area

						
					

					
							
							e

						
							
							Rehabilitation of existing hardwood saw mills and the construction of new hardwood saw mills in the project area, which would increase existing annual capacity by about 21,000 Ht, add 24,000 Ht of new single shift annual capacity and reduce timber wastage by improved equipment and sawing techniques

						
					

					
							
							f

						
							
							Rehabilitation of the teak saw mill in Rangoon, provision of minor spares to other teak saw mills to provide teak saw milling capacity to meet increased project output, and provision for minor equipment to Timber Corporation Milling and Marketing Department

						
					

					
							
							g

						
							
							Planting 29,500 acres of teak

						
					

					
							
							h

						
							
							Large-scale trial plantations on about 6,000 acres for selection of appropriate fast-growing species and the development of land clearing techniques

						
					

					
							
							i

						
							
							Upgrading 190 timber wagons and 5 locomotives on the rail line to provide adequate unit-train timber transport capacity to Rangoon

						
					

					
							
							j

						
							
							Provision of 16 man years technical assistance for extraction, saw milling and plantations

						
					

					
							
							k

						
							
							Provision of 137 man months for overseas and various local training

						
					

				
			

			Note: Ht = hoppus ton (equivalent to 1.8 m3).

			Source: After World Bank, Project Completion Report, 4–5.

			Eventually, it seems that establishing a sustainable teak forestry (logging and planting) for export became the main interest of this project. The results of the project are summarised in Table 2. Some components achieved better results than the target, such as logging teak roundwood, establishing teak plantations and experimenting with fast-growing species. On the other hand, hardwood extraction, production of hardwood sawn wood, construction of all-weather roads, and the extension of logging season roads fell short of the targets.23 

			Table 2: Project physical development, 1980/81–1986/87.

			
				
					
					
					
					
				
				
					
							
							Item

						
							
							Unit

						
							
							Appraisal 

						
							
							Actual

						
					

				
				
					
							
							Teak Logs

						
							
							(000 Ht)

						
							
							895.0

						
							
							977.4

						
					

					
							
							Hardwood Logs

						
							
							(000 Ht)

						
							
							1,772.0

						
							
							1,172.0

						
					

					
							
							Hardwood Sawnwood

						
							
							(000 Ht)

						
							
							640.7

						
							
							576.6

						
					

					
							
							All Weather Road (AW) Construction 

						
							
							(miles)

						
							
							120.0

						
							
							18.5

						
					

					
							
							Extended Logging Season (ELS) Roads

						
							
							(miles)

						
							
							240.0

						
							
							45.5

						
					

					
							
							Feeder Roads 

						
							
							(miles)

						
							
							1,900.0

						
							
							2,005.0

						
					

					
							
							AW/ELS Road Maintenance 

						
							
							(miles)

						
							
							1,600.0

						
							
							1,872.0

						
					

					
							
							Hardwood Mills Rehabilitation 

						
							
							(units)

						
							
							16 

						
							
							16 

						
					

					
							
							Hardwood Mills Construction 

						
							
							(units)

						
							
							2 

						
							
							2 

						
					

					
							
							Teak Mill Rehabilitation 

						
							
							(units)

						
							
							1 

						
							
							1 

						
					

					
							
							New Workshops and Improvements 

						
							
							(units)

						
							
							7 

						
							
							7 

						
					

					
							
							Administrative Building 

						
							
							(units)

						
							
							1 

						
							
							1 

						
					

					
							
							Equipment Rehabilitation 

						
							
							(units)

						
							
							167 

						
							
							167 

						
					

					
							
							Teak Plantations

						
							
							(acres)

						
							
							29,500 

						
							
							40,610 

						
					

					
							
							Species Trial 

						
							
							(acres)

						
							
							6,100 

						
							
							6,911 

						
					

					
							
							Log Wagons Rehabilitation 

						
							
							(units)

						
							
							190 

						
							
							190 

						
					

					
							
							Locomotives Rehabilitation 

						
							
							(units)

						
							
							5 

						
							
							5 

						
					

				
			

			Source: After World Bank, Project Completion Report, viii (Table 1).

			Economic situation of Burma before the EPP

			The reason why the EPP emphasised the already existing teak forestry might well be related to the economic situation of Burma. The economy of Burma in the 1970s was described as being in ‘structural trouble’, caused by the policies of the then government.24 The Japan External Trade Organization (JETRO) reports that the political situation gradually deteriorated after independence, and in 1960 the Burmese Army started to govern the country. In 1962, the new government declared to build a Burmese socialist nation. In 1963, the government started to nationalise the trading, financial and transport sectors, and in 1968 they nationalised the manufacturing sector also. They excluded foreign capital and enforced the ‘Burmanisation’ and nationalisation of the economy.25 However, nationalised sectors had low productivity, while the functions of the commercial and financial sectors were degraded, and the lack of foreign exchange made the economy stagnate for a long time.26 

			The economic struggle was reflected in the value of exports and imports.27 Figure 2 shows that the value of imports started to exceed that of exports around 1957. In the late 1960s both imports and exports decreased. Burma applied a balanced policy for trade, so the government started to restrict import as exports decreased.28 

			[image: Figure 2: Value of the exports and imports, 1947–92]

			Figure 2: Value of the exports and imports, 1947–92.

			Source: After T. Saito and K. K. Lee, Statistics on the Burmese Economy: The Nineteenth and Twentieth Centuries (Singapore: Institute of Southeast Asian Studies, 1999), 185–6.

			Burma was exporting agricultural products, mainly rice and rice products, to earn foreign exchange, as is shown in Table 3. Around 1965, it was reported that the amount of rice collected by the government started to decrease, partly because of the low purchase price offered by the government and partly due to the bad condition of transportation.29 

			As is shown in Table 4, imports of capital goods increased until 1971 while the importation of industrial and consumer goods decreased. However, it seems that imports were not enough to maintain the infrastructure needed to transport the products for export, and the impact on agricultural products, forest products and mineral products that were the main exports was considered to be especially serious.30 

			Table 3: Main exports, 1964/65–1975/76.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							
							US$ million

						
					

					
							
							64/65

						
							
							69/70

						
							
							70/71

						
							
							71/72

						
							
							72/73

						
							
							73/74

						
							
							74/75

						
							
							75/76

						
					

				
				
					
							
							Rice and rice products

						
							
							134.5

						
							
							59.5

						
							
							59.8

						
							
							52.7

						
							
							23.3

						
							
							30.4

						
							
							60.0

						
							
							97.7

						
					

					
							
							Pulses

						
							
							20.2

						
							
							8.3

						
							
							8.5

						
							
							9.3

						
							
							15.1

						
							
							3.6

						
							
							7.8

						
							
							12.2

						
					

					
							
							Animal feed

						
							
							10.7

						
							
							6.5

						
							
							7.9

						
							
							10.3

						
							
							12.9

						
							
							4.2

						
							
							9.0

						
							
							5.6

						
					

					
							
							Cotton 

						
							
							7.6

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
					

					
							
							Jute

						
							
							0.3

						
							
							0.4

						
							
							1.1

						
							
							3.9

						
							
							9.7

						
							
							4.9

						
							
							8.3

						
							
							3.5

						
					

					
							
							Rubber

						
							
							3.9

						
							
							2.7

						
							
							3.1

						
							
							3.3

						
							
							4.6

						
							
							0.9

						
							
							2.9

						
							
							3.1

						
					

					
							
							Teak

						
							
							30.6

						
							
							23.6

						
							
							28.7

						
							
							26.4

						
							
							38.6

						
							
							26.4

						
							
							38.1

						
							
							43.5

						
					

					
							
							Hardwood 

						
							
							0.3

						
							
							0.1

						
							
							0.6

						
							
							0.9

						
							
							3.0

						
							
							2.2

						
							
							1.1

						
							
							0.4

						
					

					
							
							Metals and minerals

						
							
							10.8

						
							
							5.3

						
							
							5.5

						
							
							6.2

						
							
							8.1

						
							
							2.9

						
							
							13.6

						
							
							8.5

						
					

					
							
							Others

						
							
							−0.3

						
							
							13.9

						
							
							4.9

						
							
							13.2

						
							
							27.2

						
							
							−2.1

						
							
							11.5

						
							
							7.4

						
					

					
							
							Total 

						
							
							218.6

						
							
							120.3

						
							
							120.1

						
							
							126.2

						
							
							142.5

						
							
							73.4

						
							
							152.3

						
							
							181.9

						
					

				
			

			Note: 1973/74 is from October 1973 to March 1974, the fiscal year of 1974/75 ends in March, the figures for 1973/74 and 1974/75 is provisional. Others include adjustment.

			Source: JETRO, Biruma: JETRO Boueki Shijou Series No.174, 25 (Table 19).

			Table 4: Imports by type of goods, 1961/62–1975/76.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							
							(100,000 Kyat)

						
					

					
							
							1961/62

						
							
							1970/71

						
							
							1971/72

						
							
							1972/73

						
							
							1973/74

							Six months

						
							
							1974/75

						
							
							1975/76

							Provisional

						
					

				
				
					
							
							Total capital goods

						
							
							2,707 

						
							
							3,548 

						
							
							4,584 

						
							
							2,788 

						
							
							1,201 

						
							
							2,963 

						
							
							6,143 

						
					

					
							
							Construction 

						
							
							1,237 

						
							
							993 

						
							
							975 

						
							
							678 

						
							
							142 

						
							
							911 

						
							
							2,317 

						
					

					
							
							Machine

						
							
							971 

						
							
							1,889 

						
							
							2,788 

						
							
							1,747 

						
							
							980 

						
							
							1,424 

						
							
							3,093 

						
					

					
							
							Transport machine

						
							
							361 

						
							
							548 

						
							
							670 

						
							
							197 

						
							
							25 

						
							
							411 

						
							
							497 

						
					

					
							
							Other capital goods

						
							
							137 

						
							
							118 

						
							
							151 

						
							
							166 

						
							
							54 

						
							
							217 

						
							
							236 

						
					

					
							
							Total industrial goods

						
							
							4,471 

						
							
							3,717 

						
							
							3,620 

						
							
							3,389 

						
							
							1,363 

						
							
							5,703 

						
							
							8,082 

						
					

					
							
							Raw material 

						
							
							3,558 

						
							
							2,829 

						
							
							2,894 

						
							
							2,429 

						
							
							1,063 

						
							
							4,086 

						
							
							5,258 

						
					

					
							
							Fuel 

						
							
							212 

						
							
							181 

						
							
							138 

						
							
							258 

						
							
							15 

						
							
							536 

						
							
							920 

						
					

					
							
							Equipment and spare part

						
							
							701 

						
							
							707 

						
							
							588 

						
							
							702 

						
							
							285 

						
							
							1,081 

						
							
							1,904 

						
					

					
							
							Total consumption goods

						
							
							3,259 

						
							
							1,247 

						
							
							998 

						
							
							808 

						
							
							402 

						
							
							1,456 

						
							
							1,906 

						
					

					
							
							Consumer durables

						
							
							493 

						
							
							160 

						
							
							156 

						
							
							185 

						
							
							89 

						
							
							171 

						
							
							331 

						
					

					
							
							Food 

						
							
							1,029 

						
							
							252 

						
							
							263 

						
							
							234 

						
							
							157 

						
							
							283 

						
							
							432 

						
					

					
							
							Fibre

						
							
							1,167 

						
							
							508 

						
							
							417 

						
							
							179 

						
							
							58 

						
							
							628 

						
							
							735 

						
					

					
							
							Medicine 

						
							
							380 

						
							
							158 

						
							
							116 

						
							
							173 

						
							
							79 

						
							
							315 

						
							
							310 

						
					

					
							
							Other consumption goods 

						
							
							190 

						
							
							169 

						
							
							46 

						
							
							37 

						
							
							19 

						
							
							59 

						
							
							98 

						
					

					
							
							Others 

						
							
							-

						
							
							9 

						
							
							57 

						
							
							57 

						
							
							11 

						
							
							36 

						
							
							68 

						
					

					
							
							Grand total 

						
							
							10,436 

						
							
							8,521 

						
							
							9,214 

						
							
							7,142 

						
							
							2,977 

						
							
							10,158 

						
							
							16,199 

						
					

				
			

			Source: JETRO, Biruma: JETRO Boueki Shijou Series No.174, 28 (Table 22).

			The government started to adjust its policies. The shortage of raw materials and spare parts for machines caused stagnation in the production of goods, and low investment caused low productivity and unemployment; as the prices of various consumer goods rose, free markets and black markets developed to trade goods that were not available at the ‘Peoples’ Shops’.31 In the 1970s, the government started to enlarge the private sector to increase private investment, to introduce the concept of competition in national companies, to accept foreign aid, and to permit joint businesses funded with foreign capital.32 

			The EPP was planned during the new Twenty-Year Plan, starting in 1974, which aimed to improve the living standards of the people and to develop the exporting industries. Regarding these industries, they planned to build an industrialised economy based on agriculture. To achieve this, they emphasised three aspects: to promote agriculture and forestry for export, to develop the manufacturing and the import-substitution sectors, and to develop the mining and mineral-processing sectors.33 

			The first Four-Year Plan of this long-term plan gave priority to the ‘traditional sectors that had the strength to export’, and forestry was expected to earn money, but to be relatively independent of government expenditure. The eight traditional sectors were agriculture, forestry, mining, transport and communication, animal husbandry and fishery, electricity, processing and manufacturing, and construction. However, the priority for investment was given firstly to processing and manufacturing, secondly to transport and communication, thirdly to agriculture, and fourthly to mining.34 

			Teak was the second-largest item of export for most of the time and the values involved remained quite stable. As is shown in Table 3, although rice and rice products occupied the largest portion of exports (except in 1971/72), their value fluctuated, partly due to low international prices. Therefore, the government intended to promote other sectors, such as teak and other hardwoods, jute, and minerals. The value of these other hardwoods was small, and teak accounted for about 90 per cent of the value of forest exports.35 Thus, although the EPP was an opportunity to introduce new foreign ideas, it seems that to overcome its economic difficulties the Government of Burma focused on exporting teak, which was already one of Burma’s main economic activities. 

			Teak forestry

			The reason why the EPP emphasised teak forestry might also be related to the history of the utilisation of teak. Burma was one of the areas rich in natural teak forests, and teak trees had been used for a long time for a wide variety of purposes including domestic and everyday use, as well as for export.

			Some kind of a system to log teak trees had likely been established by the Burmese kings. Although the definitions are not clear, it seems that in 1752, the king announced that he owned all forested areas, and declared a monopoly on all teak trees.36 They were logged under a ‘lease’ system and the lessee had to pay one out of every 10 logs to the king.37 A system to supply teak logs for royal purposes might have existed as early as the sixteenth century. Figure 3 is a photograph of the teak posts that were excavated from the site of Hanthawaddy palace in Bago region, which is thought to have been built in the mid-sixteenth century. Over 170 teak posts were found, and each post had a carving at the base as shown in Figure 4, indicating the name of the region where the post came from and the name of the ‘Remote Officer’.

			[image: Figure 3: Teak posts in Hanthawaddy Palace]

			Figure 3: Teak posts in Hanthawaddy Palace.

			Source: Photograph by the author, 2018.

			[image: Figure 4: Carving of teak posts]

			Figure 4: Carving of teak posts.

			Source: Photograph by the author, 2018.

			In the nineteenth century, Britain gradually obtained control over the teak forests, and appointed professionals from several European countries to build a system to harvest the trees sustainably. Teak forestry became a hybrid system as a new management system was introduced, which aimed to control the use of specific species and specific patches of forest.38 For example, the government declared that all wasteland (including forests) and teak trees were government property. The government established a professional organisation (the FD), and posted forest officers in the forested areas. They extracted teak trees using elephants and by floating the logs down rivers. Sometimes the officers commented of certain hill people: ‘these Karens are always good foresters’.39 The FD started to establish teak plantations using shifting cultivation and called it the ‘taungya’ plantation method (described later). The government continually issued acts, rules and regulations. Some of the clauses referred to local customs, such as land tenure and the right to use various resources in the forests. The government introduced the idea of reserved forests, a concept in which productive forest areas were set aside and put under the direct control of the government. They developed working plans for the management of some forested areas, divided those areas into compartments, and introduced the idea of an allowable annual cut so that the extraction would not exceed the growth rate of the trees. They also started professional education in universities and forest schools.

			After independence, the organisations, institutions and markets underwent reconstruction, but they basically continued during the 1970s. The Forest Act of 1902 was still in force until a new law was enacted in 1992. The basic ideas such as the reserved forests, working plans and allowable annual cuts continued under the supervision of the FD. Although teak exports were nationalised after the Second World War, these activities continued (see Table 5).

			Table 5: Domestic exports of principal commodities.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							(1,000 Kyat) 

						
					

					
							
							Name of principal commodity

						
							
							1937–41 (annual average) 

						
							
							1952–53

						
							
							1953–54

						
							
							1954–55

						
							
							1954–55

						
							
							1955–56

						
							
							Principle destination in 1955–56

						
					

					
							
							October –  March

						
							
							April – September 

						
							
							October – March 

						
					

				
				
					
							
							Rice and rice products

						
							
							238,800 

						
							
							1,018,700

						
							
							840,200 

						
							
							845,400 

						
							
							460,700 

						
							
							384,700 

						
							
							438,900 

						
							
							Indonesia, Japan and USSR

						
					

					
							
							Hides, skins and leather 

						
							
							2,500 

						
							
							2,400 

						
							
							500 

						
							
							500 

						
							
							200 

						
							
							300 

						
							
							100 

						
							
							India 

						
					

					
							
							Raw rubber 

						
							
							6,900 

						
							
							28,300 

						
							
							17,200 

						
							
							38,700 

						
							
							22,100 

						
							
							16,600 

						
							
							19,900 

						
							
							United Kingdom, Western Germany and China 

						
					

					
							
							Raw cotton 

						
							
							8,600 

						
							
							54,600 

						
							
							49,500 

						
							
							51,500 

						
							
							39,600 

						
							
							11,900 

						
							
							24,800 

						
							
							China, Japan and United Kingdom 

						
					

					
							
							Teak 

						
							
							31,100 

						
							
							26,400 

						
							
							24,500 

						
							
							24,200 

						
							
							11,500 

						
							
							12,700 

						
							
							5,800 

						
							
							India, United Kingdom and Pakistan 

						
					

					
							
							Hardwoods 

						
							
							3,300 

						
							
							5,200 

						
							
							2,900 

						
							
							3,400 

						
							
							2,100 

						
							
							1,300 

						
							
							3,100 

						
							
							Eastern Germany, Iraq and United Kingdom 

						
					

					
							
							Metals and ores 

						
							
							59,000 

						
							
							60,700 

						
							
							34,100 

						
							
							48,500 

						
							
							18,100 

						
							
							30,400 

						
							
							35,200 

						
							
							United Kingdom, Belgium, Luxembourg and Malaya 

						
					

					
							
							Petroleum and petroleum products 

						
							
							108,900 

						
							
							0 

						
							
							0 

						
							
							0 

						
							
							0 

						
							
							-

						
							
							0 

						
							
							Italy, Australia and United Kingdom (paraffin wax) 

						
					

					
							
							Others 

						
							
							57,300 

						
							
							103,967 

						
							
							90,091 

						
							
							93,600 

						
							
							48,700 

						
							
							44,900 

						
							
							44,500 

						
							
							Japan, United Kingdom and Yugoslavia 

						
					

					
							
							Total 

						
							
							516,400 

						
							
							1,292,400

						
							
							1,059,300

						
							
							1,105,800

						
							
							603,000 

						
							
							502,800 

						
							
							572,300 

						
							
							 

						
					

				
			

			Note: 0 = less than half of final digit.

			Source: B. C. A. Cook, Burma: Economic and commercial conditions in Burma (London: HMSO, 1957), 53 (Appendix VIII).

			The EPP acknowledged that the organisations and institutions for logging and managing teak, as well as an international market for teak logs, had existed earlier. It acknowledged that ‘Burma’s forests have been well preserved by one of the world’s oldest forest departments. Teak and a few other valuable hardwood species have historically formed the major part of forest output’, and ‘the FD, founded in 1856, is the oldest forest service outside Europe, and is responsible for all aspects of forestry in Burma, other than extraction and sale of timber. The FD staff of 4,500 is well trained and dedicated’.40 The functions of extracting and selling timber were separated from the FD and transferred to the State Timber Board in 1950 when the government nationalised all teak extraction and sawmilling enterprises, and the board was later succeeded by the TC. The EPP commented that ‘throughout the project period, management was of a high professional standard and on a continuous basis’, and ‘the [project unit] (TC) operated successfully in an autonomous way’.41 The Government of Burma might have judged that strengthening the existing teak forestry would be a promising way of earning foreign exchange. As a consequence, it might have been more efficient for the project to employ the existing institutions and organisations.

			Local methods in the EPP

			Elephants and floating

			The first major component of the project was to log trees. The way to produce teak logs in colonial times was mainly by animals and manual labour. First, loggers girdled the teak trees to make them drier and floatable. Then, the trees were cut down and dragged out from the forest using animals such as elephants and buffaloes, and transported to a log depot by a river or road. Sometimes, at a certain point in the river, the logs were collected to make a raft.42 A textbook for forest rangers from the 1920s mentions that using a saw to cut teak trees avoided waste, and explained that elephants were still useful in the forests.43 In 1939–40 the FD recorded 6,557 ‘domesticated elephants’, of which they owned 302.44 

			It seems that new technologies were applied and hybridity started in extraction operations during the colonial period. In the 1920s, a logging company called Steel Brothers was using its railways (10 miles (16 km) of metre gauge and 7 miles (26 km) of two-foot gauge) to transport the logs to their sawmill, and Messrs Ah Khee and Ba Ba were using their own light tramway.45 In 1939–40, the FD reported that in Hlaing Circle,46 in the Irrawaddy Drainage Basin, ‘the use of motor lorries for assistance in extraction operation appears to be growing in popularity’, and Steel Brothers was considering to extend its use of them. The Bombay–Burmah Trading Corporation spent 8,213 rupees on the maintenance, improvement and extension of their temporary motor extraction road during that year, and several small traders and millers had started to use motor transport for extraction.47 

			The EPP intended to mechanise the extraction operations for higher productivity; however, they were ready to use local methods from the beginning. After independence, an economic survey recommended the use of more machinery in the forestry sector, and the project mentioned that one of its objectives was to increase mechanisation and the use of trucking in extraction.48 Nevertheless, the EPP proposed and applied three logging methods: the elephant/float method, which possibly had been since in the pre-colonial period of the Burmese kings; the elephant/mechanical method, which started to develop during the colonial period; and the mechanical method, a new one that used machines in all stages. Table 6 shows the composition of one unit of each method. In the elephant/float method, the elephants were to be used to extract dry, girdled teak, and the teak logs would be floated down the streams and then railed, trucked or rafted to Rangoon. In the elephant/mechanical method, the elephants would work in places where access could be gained along stream beds, and they would be supported by bulldozers, self-loading lorries and front-end loaders. The logs would be moved mainly downhill to the roads built along the stream beds. The bulldozers would construct feeder roads along stream beds and valley floors, prepare stream crossings and assist elephants with uphill hauling. In the mechanical method, the bulldozers would create access for skidders, and winch or skid logs to points from which the skidders could operate, which would undertake longer forwarding hauls to roadside, and short-distance log transport within the extraction areas.49 It was planned that the EPP would import these machines.

			The productivity of the elephant/mechanical method was estimated to be the highest, and the cost per hoppus ton (Ht, equivalent to 1.8 m³) of the mechanical method was estimated to be the lowest.50 One elephant/float unit involved one elephant and manual labour, and was estimated to produce 200 Ht per year. The productivity of one elephant/mechanical unit, which was composed of 20 elephants and other machines, was estimated to be 7,500 Ht per year. One mechanical unit was composed of various machines that replaced the elephants, and was estimated to produce 6,000 Ht per year. The Project Completion Report explained that ‘mechanical logging was intended to decrease the dependence on animals and to accelerate the reduction of teak inventory in the extraction process. By adding the use of mechanical equipment to the logging system, it was anticipated that the productivity per elephant would increase from 200 Ht to 350 Ht per year’.51 

			Table 6: Logging systems and typical production costs.

			
				
					
					
					
					
					
					
					
				
				
					
							
							
							Method

						
							
							Production Unit

						
							
							Annual Production (Ht)

						
							
							Working days per year

						
							
							Logging costs/H ton*

						
					

					
							
							(Kyats)

						
							
							(US$)

						
					

				
				
					
							
							A

						
							
							Elephant/Float

						
							
							(i) 1 elephant (TC or contract) 

						
							
							200

						
							
							200

						
							
							140

						
							
							21.1

						
					

					
							
							(ii) Hand labour 

						
							
							
							
							
					

					
							
							B

						
							
							Elephant/Mechanical 

						
							
							(i) 20 elephants (TC or contract) 

						
							
							7,500

						
							
							150

						
							
							140

						
							
							21.1

						
					

					
							
							(ii) 1 x 140 HP bulldozer 

						
							
							
							
							
					

					
							
							(iii) 4 x 65 M Ton ton self loading lorry 

						
							
							
							
							
					

					
							
							(iv) ½ x 125 HP log loader 

						
							
							
							
							
					

					
							
							(v) 6 operators, 1 supervisor 

						
							
							
							
							
					

					
							
							C

						
							
							Mechanical 

						
							
							(i) 1 x 140 HP bulldozers 

						
							
							6,000

						
							
							150

						
							
							130

						
							
							19.6

						
					

					
							
							(ii) 1 x 135 HP skidder 

						
							
							
							
							
					

					
							
							(iii) Chain saw (contract) 

						
							
							
							
							
					

					
							
							(iv) ½ x 125 HP log loader 

						
							
							
							
							
					

					
							
							(v) 4 operators, 1 supervisor 

						
							
							
							
							
					

				
			

			* Including depreciation.

			Source: After World Bank, Burma Forestry II East Pegu-Yoma Project Staff Appraisal Report, 48.

			The reasons why the project proposed to use local methods might be explained mainly from two aspects. One is the terrain, and the other is the socioeconomic situation. At the beginning, the project only anticipated problems with the terrain. As is shown in Table 7, the project classified the forests according to the steepness of the terrain into three types.52 Class I (Steep) comprised areas with slopes greater than 22°, or areas so remote that road access within the next five years could not be expected. Class II (Moderate to steep) comprised areas with slopes between 12° and 22°, with limited areas that exceeded 22° such as bluffs or steep side slopes. Class III (Easy) comprised areas with slopes less than 12°.

			The EPP planned to use elephants in Class I and II areas. The project explained that

			elephants are highly effective in rugged terrain inaccessible to machines and the project has been designed so that elephant extraction for teak is confined to the Class I (remote and steep) areas with the balance of [the] elephants being used in conjunction with machine extraction in the Class II areas. Many Class III (easy) areas have been logged for teak in the recent past and mechanical or elephant and mechanical logging would be confined principally to the Class II (moderate to steep) areas.53 

			They planned to use about 230 elephants using the elephant/float method, and about 580 elephants with the elephant/mechanical method. The EPP mentioned that the ‘mechanical method, will be applied in areas that have “barriers to access” in the valley or stream beds such as waterfalls or rocky gorges’.54 

			Table 7: Land classification.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							(1,000 acres)

						
					

					
							
							Agency

						
							
							Class I

						
							
							Class II

						
							
							Class III

						
							
							Total Forest Area

						
					

					
							
							Steep Slopes in Excess of 22°

						
							
							Moderate to Steep Slopes 12°to 22°

						
							
							Easy Slopes Below 12°

						
					

					
							
							Area

						
							
							%

						
							
							Area

						
							
							%

						
							
							Area

						
							
							%

						
							
							Area

						
							
							%

						
					

				
				
					
							
							N. Pyinmana

						
							
							0

						
							
							0

						
							
							349

						
							
							70

						
							
							150

						
							
							30

						
							
							499

						
							
							100

						
					

					
							
							S. Pyinmana

						
							
							0

						
							
							0

						
							
							286

						
							
							50

						
							
							287

						
							
							50

						
							
							573

						
							
							100

						
					

					
							
							N. Toungoo 

						
							
							244

						
							
							40

						
							
							367

						
							
							60

						
							
							0

						
							
							0

						
							
							611

						
							
							100

						
					

					
							
							S. Toungoo

						
							
							600

						
							
							50

						
							
							601

						
							
							50

						
							
							0

						
							
							0

						
							
							1,201 

						
							
							100

						
					

					
							
							N. Pegu

						
							
							276

						
							
							50

						
							
							276

						
							
							50

						
							
							0

						
							
							0

						
							
							552

						
							
							100

						
					

					
							
							S. Pegu

						
							
							210

						
							
							40

						
							
							316

						
							
							60

						
							
							0

						
							
							0

						
							
							527

						
							
							100

						
					

					
							
							Total

						
							
							1,330

						
							
							34

						
							
							2,195 

						
							
							55

						
							
							437

						
							
							41

						
							
							3,963 

						
							
							100

						
					

				
			

			Source: World Bank, Burma Forestry II East Pegu-Yoma Project Staff Appraisal Report, 12.

			At the end of the project, the EPP recognised that the economic situation of Burma had been another reason to employ the elephant/mechanical method more often and the fully mechanised extraction less frequently. With limited fuel and road availability, elephants became a reasonable option. The first of the lessons that the EPP listed in their ‘Findings’ was that ‘the economy-wide problem of foreign exchange scarcity, as evidenced by shortages of fuel and building materials, which adversely affected project implementation and may affect post-project maintenance activities was underestimated at appraisal’.55 The PCR summarised: 

			at appraisal, mechanical harvesting and land clearing was expected to be introduced on a large scale. However, during implementation, mechanical harvesting was reduced due to fuel shortages and [the] greater cost-effectiveness of [the] combined elephant-mechanical method of extraction[,]56 

			adding that ‘the extraction of logs was accomplished without the large-scale introduction of the mechanised extraction system, as more elephants were made available—1,100 instead of the estimated 800—and the fuel shortage became more critical’.57 

			There was also a social reason related to the characteristics of the workers. Regarding the mechanical method, the project reported that ‘sixty power saws were purchased but were found unsuitable for the project due to operational costs, lack of skilled operators and maintenance difficulties’.58 The original plan had been to purchase 120 power saws.

			Despite these changes, the target for teak logging was accomplished, as is shown in Table 8.

			Table 8: Summary of log production for Forestry II project period.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							(1,000 Ht)

						
					

					
							
							Year

						
							
							
							Teak

						
							
							Hardwood

						
					

					
							
							
							Appraisal

						
							
							Actual

						
							
							
							%

						
							
							Appraisal

						
							
							Actual

						
							
							
							%

						
					

				
				
					
							
							1979/80

						
							
							*1

						
							
							60.0

						
							
							
							
							
							70

						
							
							
							
					

					
							
							1980/81

						
							
							
							100.0

						
							
							131.4

						
							
							
							131

						
							
							122

						
							
							186.2

						
							
							
							153

						
					

					
							
							1981/82

						
							
							
							132.5

						
							
							159.6

						
							
							
							120

						
							
							200

						
							
							140.6

						
							
							
							70

						
					

					
							
							1982/83

						
							
							
							132.5

						
							
							153.9

						
							
							
							116

						
							
							290

						
							
							186.5

						
							
							
							64

						
					

					
							
							1983/84

						
							
							*2

						
							
							132.5

						
							
							165.9

						
							
							
							125

						
							
							290

						
							
							133.2

						
							
							
							46

						
					

					
							
							1984/85

						
							
							
							132.5

						
							
							142.1

						
							
							
							107

						
							
							290

						
							
							182.4

						
							
							
							63

						
					

					
							
							1985/86

						
							
							*3

						
							
							132.5

						
							
							128.0

						
							
							
							97

						
							
							290

						
							
							181.6

						
							
							
							63

						
					

					
							
							TOTAL

						
							
							*4

						
							
							762.5

						
							
							880.9

						
							
							
							115

						
							
							1,482 

						
							
							1,011 

						
							
							
							68

						
					

					
							
							1986/87

						
							
							
							
							96.6

						
							
							*5

						
							
							73

						
							
							
							161.2

						
							
							
							56

						
					

					
							
							1987/88

						
							
							*7

						
							
							
							89.0

						
							
							
							67

						
							
							
							160

						
							
							*6

						
							
							56

						
					

					
							
							1988/89

						
							
							
							
							89.0

						
							
							
							67

						
							
							
							160

						
							
							
							56

						
					

					
							
							1989/90

						
							
							
							
							89.0

						
							
							
							67

						
							
							
							160

						
							
							
							56

						
					

				
			

			Source: World Bank, Project Completion Report, 9.

			*1 Base year cutting without project.

			*2 Original end of project. 

			*3 FY1985/86 used in all calculations as end of project. 

			*4 Total includes FY1980/81 to FY1985/86. 

			*5 New cutting budget based on allowable annual cut. 

			*6 Reduced cutting budget based on sawmill capacity. 

			*7 Projected stabilised cutting budget.

			The PCR also saw that greater use of elephants and less use of machines would cause less damage to the forests. They explained:

			while the mechanized system of extraction along with use of road transport has undeniable economic advantages over the elephant/float system in terms of reduced losses of logs in transit, reduced time between felling and milling and greater harvesting of non-teak hardwoods, it can also have some negative environmental impact because machinery damages the forest more than elephants [do]. To this extent, greater use of elephants during project implementation had a positive environmental impact.59 

			Thus, the ecological condition of the forests, the economic situation of the nation, and the social characteristics of the workers seem to have influenced the project to use more of the existing methods.

			The Taungya method

			The second major component of the EPP was to establish plantations for future utilisation, and they intended to use two methods, the taungya method and the mechanical method. For teak plantations, they intended to use only the taungya method. For fast-growing species, they also intended to use the taungya method, but at the same time they planned to experiment with a mechanised method ‘for future use when taungya labor is insufficient’.60 

			The taungya method was a hybrid method that was developed during the colonial period, and existed as a local method when the EPP was implemented.61 It comprised a combination of shifting cultivation and tree planting. Generally, the people were allotted an area inside the forests, and for the first year they would clear the forest and plant their agricultural crops along with the tree seedlings. For the second year, they usually moved to another plot, and the trees would keep on growing. The tree seedlings would be prepared in a nursery near the plantation site. For this method, the project planned to provide tractors, trailers, water bowsers and trucks.62 For the mechanised method it was intended to use machines to clear and prepare the land, and this was new technology for the FD. The project would provide crawler-tractors, graders, dump trucks, a bucket loader and rotary slashers.63 

			The project acknowledged the long history and the situations of plantations in Burma, and stated that its plantation component would be part of the felling scheme, one of the steps taken to strengthen sustainable forest management. The report on the project explained that the ‘plantation establishment in Burma started before 1860, but although 220,000 acres (c. 9,000 ha) of plantations have been established since then, some of this area was in the form of small “enrichment” areas, which have since merged back into the natural forest, or have been felled’, and it announced that the ‘[Government of Burma] is now embarking on an aggressive policy of compensatory plantations and the dynamic system of forest management being created will substantially increase forest yields’.64 

			As is shown in Table 9, both of the targets for teak and fast-growing species plantations were achieved. The cost needed for the plantations to exceed the targets was covered from the FD’s own resources.65 The fast-growing species were all indigenous.66 

			Table 9: Progress in plantation establishment, 1979/80–1984/85.
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							Appraisal

						
							
							Actual

						
							
							%

						
							
							Appraisal

						
							
							Actual
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							1979/80

						
							
							1,700 

						
							
							1,701 

						
							
							
							0

						
							
							0

						
							
					

					
							
							1980/81

						
							
							3,200 

						
							
							4,142 

						
							
							
							900

						
							
							1,099

						
							
					

					
							
							1981/82

						
							
							3,900 

						
							
							6,649 

						
							
							
							1,000

						
							
							1,193

						
							
					

					
							
							1982/83

						
							
							5,650 

						
							
							9,190 

						
							
							
							1,400

						
							
							902

						
							
					

					
							
							1983/84

						
							
							7,050 

						
							
							9,521 

						
							
							
							1,400

						
							
							1,059

						
							
					

					
							
							1984/85

						
							
							8,000 

						
							
							9,407 

						
							
							
							1,400

						
							
							2,658

						
							
					

					
							
							TOTAL

						
							
							29,500 

						
							
							40,610 

						
							
							137

						
							
							6,100

						
							
							6,911

						
							
							113

						
					

				
			

			Source: World Bank, Project Completion Report, 14–15.

			There might have been two reasons to apply the taungya method. One was because the project predicted that this method had some advantages. The other was because there was some difficulty in applying the new method.

			The SAR and PCR considered the taungya method a ‘successful’ and ‘well established technology’ for plantation establishment. On appraisal, the project explained that there would be silvicultural, financial, economic and social merits to the application of the taungya method. They explained that the taungya method, which involves ‘controlled’ shifting cultivation that can be used to establish plantations, was more beneficial than uncontrolled short-term (six-year cycle) shifting cultivation that was consuming the forests.67 They also mentioned that the taungya method, which is labour-intensive, would be successful and superior to the mechanised method when labour was available. They expected to employ landless people who would otherwise start uncontrolled shifting cultivation in the valuable forests.68 The EPP emphasised that the taungya method had been ‘extremely successful’ in the preceding project (Forestry I), and they mentioned that it was inexpensive and simple, expressing their expectation that plantation teak would suit the climatic and soil conditions of the EPP sites.69 At the end of the project, they reported that through establishing the teak plantations with the taungya method, approximately 2,000 landless hill people had been employed to establish and maintain the plantation sites, and they had been given financial compensation and were allowed to use the land for subsistence crop production and, therefore, each plantation site saved 400–600 acres (c. 160–240 ha) from denudation by shifting cultivation, 8–12 Ht of valuable wood per acre of plantation had been saved, and the annual income of the people was higher than estimated (3,000 Kyats), at about 5,000 Kyats.70 

			The mechanical method was attempted but not fully applied for economic, technical and social reasons. They planned to use this method for 6,100 acres (c. 2,500 ha), but only one pilot area of 75 acres (30 ha) was prepared in this way. ‘[F]urther trials were postponed indefinitely due to high costs, fuel shortages and shortage[s] of suitable equipment and trained operators’ and ‘the available equipment did not have the required handling characteristics and was not appropriate in view of the prevailing fuel constraints’.71 It seems that the FD was confident in applying the taungya method for silvicultural, financial, economic and social reasons, and the EPP accepted that this method should be reliable. Additionally, the socioeconomic situation made it difficult to implement the new method.

			Rehabilitation of existing sawmills

			The third major component of the project was to produce sawn wood. There were ports and activities such as shipbuilding that could have required the development of sawmills in earlier times; however, hybridity in this sector was presumably emerging in the colonial period. In 1924/25, there were 52 steam-powered mills and two water-powered mills (for the local supply of timber) in the Central Circle, of which three steam-powered mills were given up but three were newly added during the year, and one was under construction by U Ba Oh, who obtained a 20-year lease to extract hardwood that year.72 (Circle is an administrative unit by which forest divisions were governed.) In the Northern Circle in 1924/25, there were four sawmills, and one was of an ‘American pattern’, which was erected during that year by the Yinke Lumber Company, and most of the converted wood was to be sold to the Burmah Oil Company.73 

			The EPP pointed out that the productivity of the existing forest industry was low.

			Burma’s forest products industry has, until recently, been neglected and, hence, has been unable to maintain its share of national output. It is old, run down, short of spares, inadequately maintained and has low throughput and wastefully low conversion rates.

			… the sawn product is of poor quality and would be largely unacceptable in international markets.74

			Therefore, the EPP sought to improve productivity by rehabilitating the existing sawmills, as well as introducing new technologies, such as vertical band-saws, and new working patterns, such as the double shift. They planned to rehabilitate the existing hardwood sawmills (16, all state-owned), which were using circular saws, to provide spare parts to 14 hired (private) hardwood mills, which were also using circular saws, to construct two new hardwood sawmills, which would use band-saws, and to rehabilitate a teak sawmill (state-owned), which was using band-saws.

			The plan for the rehabilitation of hardwood sawmills entailed a minor upgrade, mainly to increase input and output capacities. The SAR mentioned that 

			the majority of the State hardwood sawmills are of a type and condition that do not justify major rehabilitation, and the rehabilitation [of] the project would be a holding operation to prolong their useful life until the project has established the first stage of modern bandsaw milling.75 

			Construction of two sawmills was planned to meet the future increase in the number of logs. It was planned to locate the mills outside the forest area, close to power, transportation and existing labour sources. Each would have an annual single shift log input capacity of 12,000 Ht, and as the staff gained operational experience, it was planned to work on a double shift of 24,000 Ht. The ‘sawing would be to finer tolerances and yield would increase from the present 54% to about 58%’.76 

			The plan for the teak sawmill included the basic redesign of the existing mill, and provided sawing and materials-handling equipment for its rehabilitation. The mill was commissioned in 1972 and was relatively new. At first it was designed to operate on an annual two-shift basis with an input of 150,000 Ht. However, because of ‘design inadequacies and poor operation’, the annual input was only about 20,000 Ht. Therefore, the TC and a sawmill engineer provided by the project intended to carry out a detailed study of the project, to redesign the operation and solve the bottleneck areas in the mill, and it was expected that the annual two-shift input would increase to about 100,000 Ht.77 During the rehabilitation and construction phase there were delays, the productivity did not improve as expected, and the double shift was not applied. This was considered to be due to economic, social and political reasons.

			Regarding the hardwood mills, the project reported that the rehabilitation of the existing state sawmills had been accomplished early in the project, but the construction of the two new hardwood sawmills and their full operation had been delayed. This was ‘due to late and sporadic arrival of equipment, machinery and building materials; insufficient electric power; and scarcity of trained operators’, and ‘the last two factors also account for non-introduction of double shifts envisaged at appraisal for the new mills’.78 The location of one new sawmill was changed ‘because of better site characteristic[s] and improved access to road, rail and power and proximity to a good labour source’.79 However, ‘due to insufficient night-time power and lack of trained operators’, they could not implement the double shift in the new mills.80 

			Regarding the teak sawmill, the rehabilitation of the mill had been accomplished, the conversion rate (41 per cent) remained lower than the rehabilitated hardwood mills (50–54 per cent) and one of the new mills (60 per cent), and the quality of the end products also remained low. The World Bank concluded that this was because the mill could receive only teak logs of very poor quality, since even the low-quality teak logs were exported.81 The mill also had not operated on a double shift. This was ‘due to power problems and non-availability of trained and experienced operators’, and the latter ‘partly result[ed] from the reluctance of TC to close some of the old sawmills and relocate labour, which is considered politically undesirable’.82 

			Concerning the provision of spare parts (mainly circular saws) to hired private sawmills, the target was not achieved, and the fund for this component was reallocated. The EPP reported that ‘due to [the] high cost of these spare parts, the “hire” mills preferred to continue working with the used state sawmill blades which were available at a lower cost’, and the reason for this was partly the low contract price that had not changed greatly during the past seven years.83 It seems that the EPP reinforced the existing mills as a transitional step, but, at the same time, the plan to modernise the operation was not fully achieved due to economic, social and political reasons.

			Conclusion

			As there is a worldwide interest in sustainable forest management, the aim of this paper was to contribute to the debate about the direction of the flow of science and knowledge by adding information about the hybridity of knowledge in international forest management projects in former colonial territories. As a case study, I focused on a forestry development project in Burma called the EPP, which was mainly funded by the World Bank and was implemented during the 1980s. Firstly, I described what kind of hybridity of knowledge occurred in the project, and secondly, I attempted to explain why local knowledge was adopted.

			The contents of the EPP were a mixture of new and local knowledge, which eventually focused on strengthening teak logging for export, and plantation. It was planned to introduce new knowledge such as mechanical logging, mechanised land preparation for plantations, experimentation with fast-growing species for industrial purposes, the construction of sawmills employing band-saws, and double-shift operation of the sawmills. Local knowledge such as teak logging and exporting, extraction using elephants, log floating, the taungya method of plantation, and sawmills using circular saws were also included. Thus, the project was a hybrid that adopted local species, activities and methods. During implementation, there were also several adjustments, and the new knowledge was not fully put into practice.

			The reasons why local knowledge was adopted and adjustment occurred in the EPP were explained by a number of interrelated factors. They were analysed through their economic, historical, ecological and social aspects. 

			The economic reasons were related to the government’s policy and the project’s performance. The government launched a national plan to promote exports to earn foreign exchange, and teak already had an international market. At the field level, the project considered the elephant/mechanical method was cost-effective; the taungya method had financial and economic advantages; mechanised land preparation was too expensive; and the hired sawmills thought that the spare parts provided by the project were too costly. Using the local methods was a way to cope with a fuel shortage caused by the lack of foreign exchange. The EPP anticipated that 1.6 million US gallons (6 million litres) per year would be required when the project reached its full development; however, the total allocation of diesel was less than 1 million US gallons (3.8 million litres).84 

			The organisational and institutional legacy regarding forest operation and management also influenced the shaping of the project. The EPP was a collaboration with local organisations that had been working for many decades in their fields, under historically developed institutions.

			The ecological reason for adopting local knowledge was linked to the techniques employed. The project valued the role of elephants on hilly sites, and commented on the elephants’ smaller environmental impact than machinery. They also appraised the taungya method for controlling shifting cultivation and preventing deforestation, and trusted its silvicultural success.

			The social reason affected the choice of methods and use of labour. The project considered that the taungya method would provide an alternative way of living for the ‘landless’ people. The number of trained operators was insufficient to use the new techniques in logging, plantation and sawmills, and relocating the workers to set up double-shift operations was deemed to be politically undesirable. When, where and how to use the labour was not as simple as had been predicted. At the end of the project, the EPP reported that ‘at appraisal more attention should have been given to the socioeconomic implications of the intended large-scale introduction of a fully mechanised logging system’.85 

			Thus, I consider that the EPP became reliant on a mixture of local and foreign knowledge due to the local context. The remaining issues are to explain how the hybridity occurred, and to know how far the findings regarding the reasons that might have contributed to the hybridity of knowledge in the EPP can be generalised. To solve the first question, I need to know what kind of discussion was conducted, and among whom. Presumably, the local staff was well trained, knew about the local forests and societies in detail, and could communicate in a scientific way.86 The donor staff also could have been highly professional, and able to judge whether the proposals were feasible.87 As Sonja Brodt qualitatively described it, local people learn foreign knowledge through experience,88 and both types of staff might have gained understandings about new circumstances through their experiences. Regarding the second question, I assume that the complexity existing at the field level could possibly have influenced the contents of other international projects.89 However, the findings derived from the EPP might not apply to projects that were conducted under totally new concepts. To solve these questions, further research about discussions regarding the EPP, the expertise of the staffs, and comparisons with other projects is necessary.
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