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Introduction

Holistic Restoration exists to reframe the relationship between people and nature. We use the
latest scientific insights to illuminate our ecological roles in landscapes and support people and
communities to step outside and into dynamic partnership with the wild, to enhance their health
and restore our world.

This short handbook will introduce Holistic Restoration and explore in more detail some of the
ecology and systems science upon which it is based. We will cover;


Food webs and disturbance in ecosystems



The emergent properties of stability, resilience and productivity that arise in biodiverse,
complex ecosystems



Keystone species and their roles in sculpting landscapes



Ecosystem engineers and their roles in creating areas of difference



Ecological Humans as keystone species and ecosystem engineers



How ecological humans can interact with landscapes through Holistic Restoration
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Food Webs and Disturbance

About 100 years ago ecologists were just starting to realise that ecosystems are bound together by
trophic interactions, or who eats whom. They realised that plants were capturing energy from the
sun and transferring some of that energy to herbivores as they grazed upon them. Some of that
energy was moved on again into the carnivores as they fed upon the herbivores. At each stage
however energy was lost as heat or undigested food. This meant that there was less energy
available to be used with each step up the food chain.

Pyramid of Biomass
In ecosystems there is always the greatest
biomass of plants, a lesser biomass of
herbivores and the smallest biomass of
carnivores

Carnivores

Herbivores

Primary
Producers

Figure 1.

The study of food webs has now progressed to an understanding that certain species can, in fact, be
operating at multiple trophic levels in the food web and that the interactions, when plotted, are
incredibly complex. One general theme that has emerged however from studies of many food webs
around the world is that the more species there are interacting in a food web the more stable it is.
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Food Web
Figure 2. An example of a grassland food web. Note the complexity of the web created even by this small selection of the
invertebrates that live in our grasslands.

Some ecosystems have far more species, interacting in more ways, than other ecosystems and this
has long puzzled scientists. One idea that seems to explain a lot of the variation within a region is
the idea of disturbance. A disturbance is anything that happens that disrupts how an ecosystem is
functioning. In a woodland, for example, a storm that blows down a mature tree would be classed
as a disturbance. The falling of the tree would damage nearby trees, introduce a massive quantity of
organic matter to the woodland floor and open up a patch of light on an otherwise darkened soil
surface. This sudden alteration sets in motion a chain of events as different plants scramble to make
best use of the available light and invertebrates and fungi start to invade the fallen tree.
Over time, as trees fall, the woodland becomes a patchwork of areas at different stages of recovery
from disturbance. Some areas are still bathed in light with a bright carpet of flowers and butterflies
basking in the sun. Others bristle with a small army of saplings pushing upwards and starting to over
shadow the herbs. Some have one or two dominant trees starting to pull ahead of the rest and
some have a continuous canopy once more with young crowns plugging the gap.
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Figure 3. A gap in a woodland mosaic dominated by young birch trees that are not found in the
more mature stands

Disturbances open up opportunities for many species and raise overall diversity, however there is a
catch. Disturbances need to be at an intermediate scale. An intermediate spatial scale (not too big
as to modify a whole landscape nor to too small to give insufficient space for new species to
colonise), an intermediate intensity (not too severe to kill off life but still sufficient to disrupt the
ecosystem) and an intermediate frequency of occurrence (not too regular that the ecosystem has no
time to recover between impacts nor too infrequent that it ceases to change over time). Only
intermediate levels of disturbance raise the diversity of ecosystems.
If there are low or no disturbances the woodland ages with one continuous canopy, preventing sun
loving herbs from growing or young trees from coming through. If disturbances are too frequent or
too large they may take out too many mature trees and diversity will again be lowered as old trees
and the species they support are stripped from the wood leaving only a meadow and young saplings.
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Intermediate Disturbance Hypothesis

Species Number

Species number is highest at
intermediate levels of
ecosystem disturbance

Disturbance Level

Figure 4. At intermediate levels of disturbance diversity is at its highest.

Intermediate disturbances build biodiversity by creating a patchwork of different ecosystems across
a landscape and can support hundreds of species all linked together within a food web. Hundreds of
thousands of interactions bind all of the species and individuals together and from such complexity
springs an ecosystems emergent properties.

Emergent Properties
An emergent property is something that a complex system possesses that is not possessed by any of
its constituent parts on their own. The classic example is that of a car. The individual parts of a car the bonnet, the steering wheel or clutch - are incapable of being driven individually and yet when
combined they create a whole that can be driven. The complex web of interactions that occurs
within an ecosystem, and which provides a vast array of routes through which energy can flow,
allows the emergent properties of stability, resilience and productivity to arise.
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Emergent Properties of Complex Ecosystems
The emergent
properties of
ecosystems cannot be
separated. They feed
into one another and
exist as aspects of the
whole

Stability

Ecosystem
Health

Productivity

Resilience

Figure 5. The interdependence of an ecosystems emergent properties

These emergent properties cannot be separated from one another and together can be termed
ecosystem health.
The emergent property of stability is the ability of an ecosystem to continue ecological functioning
when disturbed by an outside influence. For example, picture a field managed in two distinct ways.
One half was sown to ryegrass last year and the other is unimproved pasture with a diversity of grass
and herb species.

A recently reseeded field of ryegrass

A diverse, unimproved grassland with
a diversity of grasses and herbs

Figure 6.
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If unseasonably heavy rains hit this year and the ground becomes water logged it is likely that the
ryegrass growth will be stunted. The poor grass growth is unlikely to bind the soil together or shield
it from the impact of the rain drops and some of the soil particles will be carried away. It is also
likely that other seeds will blow into these bare soil patches and next year there will be species other
than ryegrass in the field. In the other half of the field the diverse sward is far more likely to possess
a species of plant that will grow well, even in water logged conditions, and other species that have
deep roots and can help in draining the water away. The well established and tight sward will also
protect the soil more fully, reducing soil erosion and limiting new seeds from establishing.

The bare soil in between plants
exposes the soil surface to
erosion and allows seeds to settle
and establish.

Comparison of single species and highly diverse swards

Figure 7.

Over the rainy year it is highly likely that the diverse field will continue to grow, reproduce and
recycle its dead growth in a near normal manner whilst the ryegrass field will probably depart
greatly from how it usually functions. Or, in other words, the diverse field would need a higher level
of rain before it started to be disrupted. It would need a higher level of disturbance to alter its
functioning.
This ability to continue in the face of disturbance is called ecosystem stability, and ecosystems that
can withstand higher levels of disturbance without ecosystem function breaking down are said to be
more stable.
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A less stable
ecosystem
state

A more stable
ecosystem
state

Figure 8. Ecosystem stability relates to how much effort would be needed to dislodge the ecosystem, the ball, from its
stable state, the hand.

The emergent property of resilience is closely linked to stability. Resilience describes how well the
system returns to a stable state after a disturbance. This can be the same stable state that it
occupied before the disturbance or a new one. Resilient ecosystems will fall back into a stable state
quickly and less resilient ones will take longer to do so. For example, the year after the heavy rain it
is highly likely that the diverse field will have much the same species in it even if some did better
than others over the rainy year, in other words it will have rapidly returned to its stable state and
can be said to possess a higher level of resilience. The ryegrass field on the other hand is likely to be
quite different, various seeds will have established themselves and without the assistance of a
farmer they will remain within the field with a potentially rapid turnover as new species arrive and
others go extinct. This rapid alteration phase can last differing amounts of time before the field falls
into a new stable state, one dominated by thistles perhaps.
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Figure 9. Ecosystem resilience relates to how well a disturbed ecosystem returns to a stable state. A dislodged ball on a
tight bungee will return rapidly to the hand (higher resilience) whilst a similar ball on a longer or less elastic string will
return more slowly (lower resilience).

Figure 10. If the cord were to snap all together the ecosystems level of resilience would then depend upon how long it
takes the ball to come to rest in a new stable state.

The emergent property of productivity is also tightly linked to the former two. The ryegrass field will
have suffered a much greater dip in productivity over the rainy year whilst the diverse field will have
probably yielded a similar quantity of biomass, albeit from a different selection of plants. The
emergent property of productivity is more focused on the ability of an ecosystem to reliably capture
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energy from the sun, store it in its biomass and cycle its nutrients through its food web. A diverse
set of species are needed to accomplish this in a varying climate with different quantities of
resources, such as water, available over time. Productivity in this sense therefore refers more to
attaining a similar level of productivity over time than attaining very high peaks of growth in certain
conditions.

A diverse field possess species that grow
well in various conditions

Productivity

Productivity

Ryegrass productivity is high when rainfall is
average

Rainfall

Rainfall

Figure 11. Diverse ecosystems have more stable levels of productivity.

Keystone Species
So far we have discussed food webs from the perspective of all species having equal power within
them however this turns out not quite to be the case.
The concept of keystone species was broached in 1966 by Robert Paine after an experiment
removing starfish from rocks in the intertidal zone in Washington State. The dominant theory at the
time was that the quantity of plant biomass determined how many herbivores there would be in an
ecosystem and that the amount of herbivores determined how many carnivores would be present.
In other words ecologists believed that the abundance of species in ecosystems was mediated by
how much food there was for them to eat, or from the bottom up. If this was the case however then
why was the world green? Why had herbivores not multiplied to eat all of the available plant
biomass?
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Bottom Up Control
The quantity of plant biomass
determines herbivore biomass
which determines carnivore
biomass.

Figure 12.

Paine decided to test this idea by removing a predator from its habitat. He started to peel off all of
the starfish that he found from a section of rocky shore. Starfish are quite unusual predators; they
move over the rocks of the intertidal zone and avert their stomachs through their mouths to
surround their prey. The starfish then partially digests its prey, usually a mollusc such as a mussel,
before sucking the soup, and its stomach, back into its body. The rocky shore where Paine worked
was alive with a mix of different sponges, algae, barnacles, mussels, chitons and limpets coating the
rock surface.
After a period of removing the starfish Paine started to notice that the community was changing. At
first a wave of barnacles displaced the varied life that had coated the rocks and then the mussels
moved in, outcompeting the more delicate species. The rocks were gradually turning into a
monoculture of mussels.

Paine realised that the availability of food was not the only thing

influencing population numbers, predators too were affecting them from the top down.

11
Copyright © 2020 Miriam K McDonald. All rights reserved.

Top Down Control
Predators regulate prey numbers
which regulates level of herbivory
which determines plant biomass.

Figure 13.

Paine called the starfish a keystone species, a species that had enormous power in ecosystems,
despite their being only a few of them. He identified the role that they play in holding diverse
ecosystems together, like the keystone in an arch that stops the rest tumbling down.

The keystone of an arch holds the
structure up
Figure 14.
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Since Paine's observations the list of keystone species has got longer and longer. Sharks, wolves,
beavers, prairie dogs, elephants, otters, they all sculpt the landscapes in which they occur. Wolves
facilitate the development of woodlands by keeping herbivore populations in check in certain areas,
beaver's coppice trees to build dams that form the wetlands in which they live and otters consume
the sea urchins that would otherwise graze the kelp forests back to bare rock. In other words
keystone species create intermediate levels of disturbance that keep ecosystems diverse. Wolves
disturb the abundance of grazers in certain areas allowing some areas to succeed to woodland and
creating a patchwork of grass, scrub and wood. Keystone species sculpt the landscapes that support
them. A beaver isn't found in a wetland, it creates it. Wolves do not dwell in woodlands, they grow
them and cattle to not graze fields, they form them.

Ecosystem Engineers
A part of the definition of a keystone species is that there are few individuals but they have a large
impact. There are other species in ecosystems however that have very large populations but still
play a significant role in how ecosystems are structured. These species are called ecosystem
engineers. Trees can be classed as ecosystem engineers because there are a great many of them
and their presence forms the structure of an ecosystem - a woodland. Coral polyps are ecosystem
engineers in the same way. Millions of polyps, excreting their calcium carbonate houses, create a
coral reef that supports a vast array of other species within it. A beaver is another example of an
ecosystem engineer because of the wetland that it creates. Beavers are one of a few species that
are both ecosystem engineers and keystone species.
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Figure 15. A beaver wetland.

Ecological Humans
Keystone Foragers
People are arguably another species that fulfils the requirements of being both a keystone species
and an ecosystem engineer. In 2016 Root-Bernstein and Ladle published a paper in which they
broached the idea of people being keystone omnivores, very similar to pigs and bears in an
ecological sense. We would historically have wandered over great distances digging for tubers or
clams, following and hunting game and foraging for seasonal fruits. As we did so we would have
created small disturbances in the soil, as both bears and pigs do today, into which annual plant seeds
may have fallen or insects laid their eggs. We would also have consumed fruit seeds along with the
flesh and transported them for miles before leaving them to germinate in a pile of nutritious dung.
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Small disturbances made by
another keystone omnivore, pigs.
Figure 16.

These traits, of creating small disturbances and transporting seeds, build diversity in ecosystems by
opening up gaps to allow in annual plants and insects and introducing species to new areas.

People, pigs and bears also share another trait and that is a very adaptable digestive system. Our
flexible diet allows us to target whatever is most abundant within an ecosystem and, somewhat like
starfish, helps to prevent certain dominant species from getting out of hand and lowering diversity
by outcompeting more delicate species. Our ability to harvest abundance kept ecosystems from
being dominated by certain species and helped to stabilise the populations of species in ecosystems
over time.
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Figure 17. Harvesting abundance.

People would have harvested
whatever was plentiful and in so
doing helped to damp oscillations
in population levels

Ecosystem Engineering Farmers
When early farmers cleared pastures within woodlands we were engineering a glade, when we
flooded sections of valleys to grow rice we were creating wetlands, when we tilled areas within
grasslands we were creating niches for annual plants. Ecologically both farming and forestry are
ecosystem engineering.
When scientists study what impact ecosystem engineers have on landscapes the answer comes
down to a matter of scale. When a beaver creates a wetland it does so within the context of an
otherwise dry landscape, when coral polyps create a reef the reef sits within open sea and when
traditional farmers opened up fields they did so within the context of a wooded landscape. The
scale and type of disturbance must create an area of difference within the landscape to have the
beneficial effects of raising diversity.
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The circles in the diagram represent areas of difference, such as the beaver wetland
pictured, within a context of a 'background' ecosystem, such as mature woodland.
Figure 18. Pools of engineered 'difference' in a landscape raise diversity.

Unfortunately people have tapped into power far larger than that of our biological selves. At first
we allied ourselves to oxen and then horses to create larger areas of ecosystem engineering. We
then tapped into the power of water and wind and more recently we have unleashed the power of
fossil fuels and nuclear energy. This has given us increasing power to engineer our ecosystems on
scales previously unimaginable and we have now turned our landscapes inside out. Britain is no
longer a largely wooded land in which we engineer glades but an open land in which small fragments
of woodlands remain to raise diversity.
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People have altered habitats to such as extent that the engineered
landscape become the 'background' within which woodland glades are left.
Figure 19. Remaining pockets within an engineered landscape.

Hyperkeystone species
When people first hunted a species to extinction or farmers allied themselves to livestock we were
taking up another ecosystem role, that of a hyperkeystone species. Hyperkeystone species are
species that can affect the distribution of other keystone species. When farmers introduced cattle
and ponies, as well as when we hunted wolves and beavers to extinction, we were exercising our
hyperkeytone power. We were not only directly affecting ecosystems through our own omnivorous
keystone role but also by removing or substituting other keystone species. Now, thousands of years
later, we are exercising this power once again more consciously as conservationists, farmers and
rewilders and intentionally reintroducing long missing species and freeing our domesticated ones.

Holistic Restoration
Human action, and farming in particular, is not inherently negative. In fact in a land still devoid of
almost all of our native keystone species we, and our livestock, are some of the last that remain.
Ecological humans can be massively beneficial to our wildlife and our climate as well as improving
both our mental and physical health at the same time.

Holistic Restoration is about supporting

people to explore how they interact with the ecosystems about them and helping them to find an
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ecological niche in which to sit. These niches are as unique as the people who fill them, from
someone tending their back garden as a keystone omnivore to managing their estate as a
hyperkeystone species, but all are united by an understanding of our placement within ecosystems.
We take up the role of Ecological Human when we step back into ecosystem roles.

Figure 20. An overview of the interactions between Ecological Humans and landscapes

Ecological Humans have a suite of tools available to us.


We can use our keystone omnivore tools of creating disturbance, transporting genes about
landscapes and harvesting abundance.



We can use our hyperkeystone tools of engaging with other keystone species such as cattle,
pigs and ponies or of filling in for lost keystone species such as elephants or beavers.



We can use our ecosystem engineering power to create landscapes of difference. To add in
complexity.
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Figure 21. Harvest Abundance. People consume what is abundant to steer ecosystems towards stability.

The role of Ecological Human is built on the idea of people as keystone species and ecosystem
engineers that collaborate to form productive, dynamic mosaic landscapes. It fosters systems
diversity to support the stability, resilience and long term productivity of ecosystems and guides
where, and when, we place our different enterprises to create systems that will support people now
and into the future.
For example a vegetable garden is an incredibly valuable disturbance in an ecosystem dominated by
pasture or woodland, allowing both wild and domesticated annuals in. It represents the use of both
our keystone omnivore and ecosystem engineering roles. When placed in relationship to more
established or longer term landscape elements the disturbance can add much needed diversity.
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Figure 22. Keystone omnivores create disturbance. When growing annual vegetables we create a series of small disturbances that
can allow annual species into mature habitats.

If left, a vegetable bed creates a patch that can be allowed to develop into flower rich herbs, scrub
or wood and over the years the migration of annual production across a landscape can produce a
valuable patchwork woven into a tapestry of wood and pasture maintained by our keystone
livestock.
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Figure 23. Hyperkeystone and Allies. We can cooperate with our keystone stock to create patchwork landscapes moving between
wood and grass.

Likewise an orchard or agroforesty system can be integrated into annual or pastured landscapes
providing a wooded habitat that adds diversity and stability to systems. Over the years as the trees
mature younger ones can be added in or allowed to spring up opportunistically from ungrazed
margins, building a mosaic for the future. This is created partially from our hyperkeystone role and
partially from our keystone omnivore role.
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Figure 24. Transportation. Keystone omnivores distribute seeds and other organisms across landscapes.

In Conclusion
Holistic restoration is about taking the long view of landscapes, how they might evolve and what
disturbances would be beneficial at which times to create productive mosaics of human-wild, co
created, systems. Ecosystems that humans create and which support them. Holistic Restoration is
about slotting us back into native ecosystems in a beneficial capacity and tapping into our inner
Ecological Human.

For further information, to learn more and to see examples of Holistic Restoration in
practise please head to;

www.holisticrestoration.co.uk
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