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Preface

Nature’s Resilience is about how resilience manifests itself in the natural world and how such biological resilience may help us understand our own human resilience. It is a sequel to Building Resilient Futures (2023) in which the author looks exclusively at the human dimension and is a useful primer on resilience, and The Resilience Mindset: A Philosophical Journey (2025) in which the author considers the thinking behind the concept of resilience.

The definition of resilience used in these books is ‘the ability to anticipate, absorb and adapt to changes because of a shock or stress’.1 A resilient creature can survive in the face of adversity, recover after confronting that challenge, and then thrive by evolving to deal with the changed set of circumstances.

The ways that biological organisms survive and thrive within a changing world can tell us a lot about ourselves, our behaviours and our approach to problem-solving. We may not be able to learn directly from the pine tree, the bear or the octopus but they can reveal activities, behaviours, even chemicals or genes, that can benefit our world. Moreover, animals and plants have been at the resiliency game for much longer than people and many have thrived through tumultuous, evolutionary times. They can, therefore, provide examples of how nature has solved challenges, and we should be humble enough to take note and reflect.

The solutions can indeed have relevance for our complex and sophisticated range of human activities such as healthcare and well-being, including the sources of valuable drugs that can alleviate human ailments; physical security and national deterrence; crisis management and business continuity; organisational agility and corporate networking. The list is extensive.

The chapters of this book focus on ten profiles of particular organisms (species, genus or group) that have developed their resilient capacities in different ways. The analysis is conducted with the aim of extending our understanding of resilience in a broader context and by so doing provide pointers as to how we might improve and save ourselves from worsening the imbalance between the natural world and the human one. The final chapter looks at the future of resilience for the human race. It explores ways in which we can combine human welfare and national diversity.

The resilience characteristics chosen in the profiles cover aspects of robustness, resistance, recovery, redundancy, agility, adaptation, networking, transformation, preparation, deterrence and regeneration. These are not the only attributes of resilience but are the main ones that are shared throughout the natural (and human) world. They should not be viewed simply as discrete packages operating in silos but as interconnected elements which can be mutually reinforcing. Some may be more prominent in certain species but the majority can be found to varying degrees in most higher animals and more than a few plant species.

The book hopefully sheds some light on the main theme of resilience from the stories of some familiar and not-so-familiar creatures in our diverse global ecosystem. It is not written as an academic book but rather one for the lay reader who wishes to know more about resilience in the natural world and its relevance to our world.

This book is the last in the series on resilience.

Robert Hall

11 February 2025





Foreword

By


Professor Tom Oliver

The age of human exceptionalism is coming to an end. When we pause our hubristic thinking, which is based on assumptions of human superiority, we open ourselves to learning from other species. There appears to be a growing acceptance nowadays, for example, that intelligence can be defined more broadly. Rather than appraising problem-solving behaviours that parallel our own, we now appreciate the distributed intelligence that allows a brainless slime mould to navigate a maze to seek resources. We see intelligence in how tree communities interact with each other through airborne chemicals and via below-ground roots, or in the cognitive abilities of jumping spiders when they strategically plan their attacks.

We can also learn from nature to better design our world better. Biomimicry is the design of materials, structures, and systems modelled on biological entities and processes. When we look to nature with humility, we can learn how to design better aircraft based on the study of bird wings or the movement of sharks; we can learn how to ventilate buildings using less energy by observing how termites build their nests; we can develop new lightweight materials for vehicles by studying the bodies of creatures such as mantis shrimps.

Now it is time to learn lessons from nature about resilience. This delightful book draws on diverse examples from butterflies to beavers, and limpets to lodgepole pines, in order to understand how species resist, recover and transform in the face of environmental stress. It is certainly timely for us humans to better learn some of these skills since we are causing unprecedented transformation of our global environment—dramatically changing the composition of our atmosphere, soils, freshwaters and oceans.

We are impacting living ecosystems from coral reefs to tropical rainforests and, in some cases, we are even risking their collapse. This rapid global environmental change increasingly presents humanity with serious risks, from heatwaves and toxic smog to multiple breadbasket failures and disease pandemics. The mitigation of damage to nature and reducing greenhouse gas emissions and slowing biodiversity loss, for example, are still more essential than ever, but there is also a rapidly growing need to plan for tough times ahead.

Understanding risk and resilience for human societies is becoming increasingly important. This focus on humans should not come at the expense of protecting other species of course and, in fact, we can learn many lessons on resilience by studying them. If myopic and hubristic (anthropocentric) thinking got us into this mess, it might just be that a new more-than-human perspective will help get us out of it.

Tom Oliver is Research Dean for Environment and Professor of Applied Ecology at the School of Biological Sciences at the University of Reading.

His book The Self Delusion explores how people, animals, plants and the planet we live on are all intimately connected—and why that matters.2 He is an advisor to the UK government, the Office for Environmental Protection, and the European Commission on environmental risks and an External Advisory Board member for the Leverhulme Centre for Anthropocene Biodiversity.





Introduction

Resilience is a life-sustaining characteristic. It is comparable to eating and breathing in animals or photosynthesis and transpiration in plants. It allows all creatures not just to survive as individual organisms at the moment but also to thrive as species in a world of challenges and constant change. It gives the sentient or insentient the impetus to rise above environmental pressures and provides the evolutionary motive to continue and adapt both individually and collectively in our common biosphere.

The significance of resilience in the natural world has largely gone unreported until the last half century when it became a dedicated subject in the field of ecology and more recently in the human condition. Today, it is hard to read or hear commentary about people, organisations, communities or countries, and their associated activities, without resilience becoming part of the conversational vocabulary. The global concerns about environmental degradation and climate change have reinvigorated the lexicon.

In fact, resilience is not a new word. It was introduced into the English language in the early seventeenth century from the Latin verb resilire meaning to rebound or recoil. The base of resilire is salire, a verb meaning ‘to leap’ which is symbolic. Resilience came into prominence in the early nineteenth century in the world of engineering and physics where it was (and continues to be) seen as the ability of a material to absorb energy such as from a blow or distortion, and release that energy as it returns to its original shape. In the world of engineers, resilience is about resistance and recovery.

For biologists and ecologists studying the natural world, resilience has come to mean much more. It is the ability to absorb external shocks or stresses as well as to change or adapt to a new set of life-giving experiences—that ‘leap’ of earlier. This may involve simply learning from experience and modifying behaviour but it can require some restructuring of shape or function. For ecological resilience, it may be a case of maintaining the same function but undergoing internal reorganisation or even more radical transformation. In essence, resilience is about surviving and thriving in response to change.3 It is certainly not an attribute confined to humans.

Biological life has proved to be remarkably resilient over aeons. For over three billion years, life on Earth has survived and thrived in the face of seismic shocks and stresses. It has evolved, adapted and mutated into a multitude of species that have occupied a diverse array of habitats, filling almost every niche on the planet. At the same time, many species have been unable to cope with their new environments and become extinct. Many more will inevitably fall by the wayside in our continuing planetary journey; that is an unavoidable but necessary part of evolution.

Yet enough plants and animals have survived five mass extinctions on Earth to allow life to prosper. A sixth mass extinction is foretold by some—the United Nations predicts one million plants and animals, or three-quarters of all species, will be extinct by 20394—but it is reasonable and hopeful to assume, if only from historical precedence, that life will continue in some form or other. It was Charles Darwin who recognised such extinctions as the motor of evolution. Yet arresting and reversing the decline in biodiversity—‘bending the curve’—requires concerted, global action.5

That reasonable assumption should not, however, be taken for granted; it cannot be a foregone conclusion. Much needs to change if hope for planetary survival and biological diversity is to be assured. Diversity gives species the opportunities to exploit changing environments and find new solutions for survival; the less diversity there is, the fewer those opportunities. This can be quantified in monetary terms. According to the World Economic Forum, more than half the world’s GDP ($44 trillion) is at risk of disruption due to nature’s loss.6

All sectors, from fishing and agriculture to construction and pharmaceuticals, have a significant interest in protecting nature due to the huge value that they derive from natural capital. The Kunming-Montreal Global Biodiversity Framework, arising from the United Nations Fifteenth Conference of the Parties, stated one of its goals would be: ‘The integrity, connectivity and resilience of all ecosystems are maintained, enhanced or restored, substantially increasing the area of natural ecosystems by 2050.’7

Whether people will be part of the post-Anthropocene epoch is a separate question. We have certainly been successful so far, with eight billion people currently inhabiting the earth while the number is expected to reach ten billion by the end of this century. Humans now dominate the planet to such an extent that together we weigh more than ten times that of all the wild animals on the land combined: 390 million tonnes versus 22 million tonnes, respectively.8 Success in numbers has brought about its own problems, however, one of which is the need for around 1.8 earth equivalents to sustain the human population if we continue to consume the world’s resources at the present rate.9

Sustainability, in contrast to resilience, can be seen as the capacity of a whole system or sub-system to endure over the long term. In ecology, sustainability describes how biological systems can remain diverse and productive over time. Long-lived healthy wetlands and mixed-leaf deciduous forests are examples of sustainable ecosystems. For people, sustainability is the potential for long-term maintenance of the global population and its overall well-being, albeit with environmental, economic and social considerations. A sustainable human community should be able to maintain a prolonged quality of life for its inhabitants and the natural environment on which is depends from external pressures and from internal influences.

In a sustainable community, the pressures and influences are usually incremental and system-wide whereas a resilient community must cope in the face of adversity and recover after confronting a specific and short-term threat or danger. An integral part of resilience is the ability to adapt and change. People have been good at adapting and learning in the face of shocks and stresses, so much so that the status quo ante is often replaced with a new condition or set of behaviours that may themselves generate whole new challenges. This is evolution—and resilience—at work.

While biological systems can be both sustainable and resilient, a resilient system may not necessarily be sustainable. Take the example of the lodgepole pine (Pinus contorta) in the USA. (See Chapter 2.) The tree produces seeds which are resilient to the heat from a forest fire and allow regrowth after any fire. However, if the frequency of the fires becomes so great that it prevents the seedlings from reaching maturity and producing their own seeds then the species cannot regenerate and will die.

It could be argued that the threshold for resilience in this circumstance has been surpassed but if sufficient numbers of the total tree population do survive, sustainability can be maintained. It is not the only species to be facing such dilemmas. With climate change, sustainability is a real and present feature for many animals and plants.

The prominence of the work on ecological resilience owes much to a US-Canadian academic, Crawford Stanley Holling.10 He believed that the ability of natural systems to persist in the face of major changes suggested that they have a high capacity to absorb change without dramatically altering. But Holling acknowledged that this resilient character has its limits or tipping points and when these limits are exceeded the ecosystem could rapidly change to another condition. Too much disturbance could lead to systemic degeneration but, at the same time, periodic disturbance within limits could also contribute to an ecosystem’s transformation to a more diverse and more dynamic, vibrant condition. The inability to adapt to a major event could push a society or community to utilise new and more sophisticated forms of adaptation, or become extinct.

Holling argued that paradoxically, instability can induce resilience as a way of achieving equilibrium (homeostasis).11 Ecosystems, like all open systems, tend towards equilibrium in order to maintain their integrity. He concluded that an ecological system can be very resilient and still fluctuate greatly, provided it can absorb shocks without major loss of form and function. Tropical rain forests and mangrove swamps are examples of systems which can prevail through periodic droughts or torrential storms providing global temperatures do not exceed certain levels. Beyond the tipping point, they may become savanna or sand, respectively.

Other ecologists have extensively researched the robustness of ecosystems, utilising the general systems principle that they would tend to develop equilibrium.12,13 They have viewed stress as the motor of homeostasis in which the forces applied to the ecosystem would induce changes that tended to preserve its overall stability. This idea has since been questioned by others who have seen resilience as a catch-all term for the function and behaviour of individual organisms. Some scientists have argued that this does not necessarily add up to stability but can denote constant change.14 Hence, resilience could be a mark of an ecosystem’s ability to keep adapting, not its propensity to keep returning to any given equilibrium. This has been referred to as ‘transformational resilience’.

Regardless of whether one accepts or rejects that these ideas can be transferred from ecology to disaster risk reduction, there is no doubt that Holling and the other ecologists made a significant contribution when they began to utilise adaptive management in resilience studies. Recent work has extended this concept to adaptive governance or adaptive capacity, namely adaptive co-management as a continuous problem-solving process.

As a result of this work, resilience came to be seen as the ability of habitats to adapt to shocks and stresses over any timeframe. Such perturbations could include natural events such as fires, floods and hurricanes, as well as human activities such as deforestation, fracking, pesticide spraying and even the introduction of exotic plant or animal species. Unlike mechanical resilience, the behaviour of ecosystems under constant change is focused on durability and adaptability.

An initial focus on the stability of processes in ecosystems and the speed with which they return to an equilibrium state following disturbance (the process of ‘recovery’ in engineering resilience) has gradually been replaced by a broader concept of ecological resilience.15 This shift recognises multiple stable states and the ability of systems to resist ‘regime shifts’ and thereby to maintain functions, potentially through internal reorganisation.16 Tom Oliver et al make the case that internal reorganisation, such as species turnover in the face of climate change, allows the resilience of function such as pollination. The ecological resilience literature is somewhat vague with
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