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Foreword
Scotland’s biodiversity
science: uniquely special
and leading edge
Michael B. Usher OBE FRSE

Scotland and its surrounding seas support about 90,000
native species, many of which form communities and
assemblages uniquely special and distinctive. Whilst this
represents considerably less than 1% of our planet’s
complement of species, Scotland is held in the highest
regard for its care, management and understanding of
nature. In fact, being part of an island, and positioned so
far north, Scotland is much richer in plants, animals and
their communities than might be expected. We should
not be surprised, therefore, to see Scotland so rich in
opportunities to research and enjoy the myriad wonders
of our natural environment. Call it what you will, some
of the world’s best fieldwork, experiments, laboratory
studies and detailed investigations are carried out on
land and at sea in Scotland.
In October 2010, at the 10th meeting of the Conference of
the Parties to the UN Convention on Biological Diversity
(CBD) in Nagoya, Japan, the majority of the world’s
governments agreed both the Strategic Plan for
Biodiversity 2011–2020 nd the Aichi Biodiversity Targets
(a set of five goals with 20 targets). The plan provides an
overarching framework on biodiversity for the entire UN,
and the massive global range of partners engaged in
biodiversity management and policy development.
Here in Scotland, the Government, national agencies,
NGOs and the research community have embraced
this challenge, and published The 2020 Challenge for
Scotland’s Biodiversity in 2013, and two years later
Scotland’s Biodiversity: a route map to 2020. Reports to
Parliament have followed, with increasing effort devoted
to meeting the targets set, and devising even more
ambitious plans beyond 2020.
But what of ‘Some touch of Nature’s genial glow’, vividly
evoked in ‘Loch Corriskin’ in The Lord of the Isles by
Sir Walter Scott? What about the diversity and intricacies
of bacteria, fungi, plants, animals and other organisms
that come together to form the rich tapestry of land, fresh
water and sea? For many of us working in science, it is
the excitement of making discoveries, solving puzzles
and unearthing the unexpected that really fires the

Des B.A. Thompson FRSE

imagination. Unravelling nature’s complexities, surprises,
gifts and even long-kept secrets is what really stokes our
curiosity and imagination.
Scotland hosts some of the most exciting and innovative
biodiversity science in Europe, with much of this drawing
on inter-disciplinary and novel techniques, technologies
and approaches. For this special issue of Science Scotland,
we have spoken to some of the most imaginative and
gifted researchers in the country to give you a flavour of
the advances being made. The work of well-established
and up-and-coming researchers is featured, and we hope,
like us, you are enthused, impressed and also proud of
what is being done. So much of what is special about
Scotland is defined by its natural and cultural heritage.
Scientific endeavour and the advancement of knowledge
have their roots in the earliest studies of landscape
formation and the richness of nature. We believe we are
on the cusp of another great scientific adventure, and we
urge investment in research and its applications to ensure
that our country, and the wider world, is more resilient to
the unprecedented changes taking place in modern times.

Michael B. Usher OBE FRSE is one of the founders of
biological computation techniques used in ecological
studies, was Chief Scientist of Scottish Natural Heritage,
works closely with the Council of Europe’s Group of
Specialists for the European Diploma for Protected Areas,
and is Principal Editor of the Ecology, Biodiversity and
Conservation books published by Cambridge University
Press. Des B.A. Thompson FRSE is Principal Adviser on
Science and Biodiversity in Scottish Natural Heritage,
and Chair of the Board of Trustees of the Field Studies
Council, the UK’s leading environmental education
charity, encouraging outdoor learning at its 21 field
studies centres (including Millport and Kindrogan in
Scotland). Des and Michael have collaborated in editing
several books on biodiversity, and share a passion for
observing wildlife close up, especially in the uplands.
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Species Reintroduction
Photo: Laurie Campbell

Special species
Species reintroduction is one of the most
complicated and controversial subjects in
conservation today, but recent initiatives in
Scotland – including the reintroduction
of beavers – promise to alter not only the
physical landscape but also people's
attitudes to biodiversity...
Beavers were at work in Scotland long before people, but
disappeared in recent centuries, largely under pressure
from the human invaders who hunted them down for
their pelts. In the mid-1990s, Scottish Natural Heritage
started serious discussions on the reintroduction of
beavers, and since then a number of initiatives – including
field studies in Knapdale and Tayside – have provided
valuable knowledge and experience that could benefit a
lot of other rare, endangered species, including plants,
shellfish and insects, as well as birds and mammals.
An early programme for the re-introduction of wildlife
in Scotland was one for white-tailed eagles on the island
of Rum, which started in 1975. During recent years,
however, work has been done for other candidates,
including the freshwater pearl mussel, the pine hoverfly,
vendace, water voles and woolly willow. Much of this
was started during the ‘Species Action Framework’
programme of targeted management which ran from
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2007 to 2012. Other projects are also underway,
including translocating golden eagles to the Dumfries
and Galloway area, whilst others have already been
completed, such as red kites.
To be successful, species reintroductions have to satisfy
a wide range of criteria, including socio-economic
and ecological factors. The beavers lived in Scotland
up to about the 16th Century, but land use and the
countryside have changed since then, and the impact
the beavers will have is not easy to model in detail.
Scientists know fairly well how beavers will behave,
but the trial reintroduction of beavers in 2009 was
the first government-approved project of its kind in
the UK, and some effects on the environment are only
beginning to be understood. For example, a study by
the University of Stirling has revealed new evidence
of beavers’ impact on loch plant communities and
standing waters. It’s well known that beavers could
have a potentially damaging impact on aspen, which
grow in areas such as Speyside, where very careful
management would be required if there was any future
reintroduction; and in Knapdale, scientists are learning
more about the impact of beavers on Atlantic hazel
and on the lichen communities which thrive on them.
However, says Gaywood, there is clear evidence that,
overall, beavers can have a very positive influence on
biodiversity.

Beavers
in Scotland
The Beavers in Scotland report was designed
to support a government decision on the future
of beavers.
It provides assessments of the interactions
beavers may have on the natural and human
environments, examines legal and beaver
management issues, and presents a number
of future scenarios for beavers in Scotland.
Dr Martin Gaywood

Dr Martin Gaywood, Policy & Advice Manager at
Scottish Natural Heritage (SNH), has played a major
role in reintroducing the beavers and edited the
report Beavers in Scotland, produced for the Scottish
Government. In his view, beavers are not only
“ecosystem engineers,” creating habitats and enhancing
habitat diversity, but in the future might also become
“employees,” helping to prevent floods by improving
water management upstream. Beavers can also claim
to be the only species, apart from humans, that can
intentionally modify their environment by building
structures, but the challenge would be to target their
activities in specific areas, says Gaywood, “because
they don’t always do what they’re told!”

The issues surrounding beaver reintroduction
to Scotland have been the subject of intense
investigation and discussion over the last 22 years.
The report draws on the experience gained
through SNH-commissioned projects, the Scottish
Beaver Trial, the Tayside Beaver Study Group, the
Beaver–Salmonid Working Group, the National
Species Reintroduction Forum and a range of
other studies from Scotland and abroad.

As well as potentially helping flood management,
beavers can also have negative impacts on land use –
for example, by causing bank collapses and damming
drainage ditches. A range of different management
measures, such as tree protection, pipes in beaver
dams, trapping and perhaps even creating special
buffer zones, will continue to be tested and adapted
over the years ahead. This could pose particular
challenges for the programme in some parts of
Tayside, where the beaver population is based on the
River Tay and the River Earn, from Kinloch Rannoch
to north of Dundee. Studies in Scotland suggest there
might be little negative impact on fish such as pike,
roach and perch, but more work is needed on salmon
and trout. Another major aspect is the impact on
public health. The Knapdale and Tayside beavers were
tested for a range of parasites and diseases, but no
evidence was found of any pathogens that may cause
an increased health risk to humans, livestock or other
wildlife. Genetic studies also keep a close eye on the
beavers to check for inbreeding and hybridisation
amongst the Eurasian beavers released in Scotland and,
so far, there is no evidence of a different and unwanted
species, the North American beaver, being present.
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there is clear evidence that, overall, beavers can
have a very positive influence on biodiversity
Gaywood’s report focused on the interactions between
beavers and the natural and human environments, as
well as legal and management issues – what was legal
and allowable, and what to do if things go wrong.
It also came up with four possible future scenarios,
ranging from total removal to “accelerated
reintroduction,” and in the end the Government opted
for the beaver populations in Knapdale (which started
off with three families of beavers in 2009) and Tayside
(a total of about 40 families in 2012, originating from
beavers which had previously escaped or been released
without authorisation) to be retained, and for the
Knapdale population to be reinforced. Since their
reintroduction in Scotland, plans are also being made
to make beavers a protected native species under
European law by early 2018.
According to Gaywood, it was important to involve
all the stakeholders right from the start, because no
matter how the project was managed, everyone knew
there might be some significant impacts on land use,
particularly forestry, farming and fisheries, plus
infrastructure. “One aim was to bottom out management
needs,” says Gaywood, to make it easier to plan for
future projects, advise land managers and reassure

stakeholders. “We also aimed to be as flexible as
possible,” adds Gaywood. For example, when there’s a
collapse or a flood caused by beavers, or if a tree is felled
next to a road, the landowners may need to act quickly,
and SNH is aiming to set up a flexible, pragmatic
approach to licensing work and has set up an advisory
service.
Beavers in Scotland has been described as the world’s
“most comprehensive, detailed and robust” report
for any species reintroduction project. It is not just
ambitious in scope, but also summarises the types of
practical management experience gained in Eurasia
and North America, and highlights what management
issues will need to be addressed in the years ahead.
“We can't ignore the fact there have been some
significant problems,” says Gaywood, but according to
the report, “the benefits of beaver presence on Tayside
are likely to outweigh the costs,” and the development
of an appropriate management strategy “will therefore
be key to the successful coexistence of beavers and
fisheries, agriculture, forestry and other land uses,
including necessary surveillance, monitoring and
research requirements.”

Population explosion?
At the beginning of the twentieth century, there were thought to be only about 1,200

European or Eurasian beavers in eight populations in Europe and Asia. Today, the
population is estimated to be at least one million, in 25 countries in Europe alone.
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Wildcat photos: Peter Cairns, Scotland The Big Picture.

Other species
Gaywood, who was also Project Manager of the Species
Action Framework and a lead author of The Scottish
Code for Conservation Translocations, points out that no
species translocation will ever be cost-free or risk-free,
but also believes there are valuable lessons to learn
from the beavers with regard to other future species
reintroductions. Despite some speculation in the media,
it is highly unlikely that wolves or bears will ever roam
free in the Highlands in the foreseeable future, but
wildcats – “the Scottish Tigers” – are another major focus
for Gaywood, who is also the manager for the SNH
contribution to Scottish Wildcat Action. There has also
been a lot of discussion regarding the lynx, but Gaywood
believes that a lot of work would need to be done before
the case can be made for reintroduction.
Beavers are popular creatures which capture the
imagination of the general public because they are
so “cute”, but all stakeholders have to be given the
opportunity to be involved in the discussion or
reintroduction will not succeed, and that means
winning over the sceptics and educating the public
on the knock-on effects, says Gaywood.

The wildcat project is an excellent example of the need to
get people involved at community level, since one of the
problems with wildcats is hybridisation – breeding with
domestic or feral cats. To address this, the project has
launched a scheme to “trap, neuter, vaccinate and
release” feral cats, as part of a multi-pronged programme
to “see what is out there” and understand the ecology
better, including what has been described as “the biggest
ever camera-trapping survey in the UK.” The project has
also created a “stud book,” to profile the genes of the
wildcat. Ultimately, this will lead to captive breeding of
wildcats which will be set free at times and places still
to be decided. “Stakeholder engagement is vital,” says
Gaywood. “The wildcat was once persecuted because it
killed game birds, but there are things we can do to
ensure its survival.”

Species-focused conservation
According to Gaywood, species reintroductions could
provide a range of benefits to Scotland, including
tourism as well as the environment, but they are “only
one tool” in the toolbox. “Some people also think that
species-focused conservation is rather old-fashioned,”
he adds, “but it's useful to focus on the iconic species
which have wider impact, and that includes beavers
and wildcats.”

science scotland

Issue 21 page 7

The Scottish Code
for Conservation
Translocations:
> Work out whether translocation
is the best option – could other
conservation actions provide
a lower-risk and lower-cost
solution?
> Develop a clear plan to deliver
a well-defined conservation
benefit.
> Obtain all necessary
permissions and licences.
> Maximise the chances of success
by understanding the biological
needs of the species.
> Take great care to protect the
species being moved and the
habitat it is being released into,
and avoid the spread of invasive
species, pests and diseases.
> Where translocations may affect
people, consult with land-users
and other interested groups and
individuals to identify ways the
translocation can provide them
with benefits, and do not
undertake translocations that
would cause unacceptable
harm to people’s welbeing,
livelihoods and recreational
activities.
> Monitor the translocation and
respond to any issues that arise.
> Keep people informed and
share information about the
translocation to guide future
projects.

Other species, such as white-tailed eagles and red kites, may also dominate the
headlines, but some translocations slip under the radar, says Gaywood, because
they are less contentious or simply not so well known, such as the pine hoverfly or
woolly willow. “Television programmes such as BBC Springwatch draw attention
to particular species,” says Gaywood, “and that is good because the viewers also
learn about the wider issues involved, and the interaction amongst different
species.” Another major issue is the need to remove invasive species from the wild.
Rhododendron, Japanese knotweed and giant hogweed are troublesome plants
on land. In freshwater, the North American crayfish, zebra mussel and New
Zealand pygmyweed have major effects on native plant and animal communities.
There are also many other problems such as water voles (recently reintroduced in
Loch Lomond and the Trossachs) being threatened by the American mink and
earthworm populations being severely impacted by the
New Zealand flatworm.

The translocation code
The Scottish Code for Conservation Translocations (see sidebar) which Gaywood
helped to develop, in partnership with academics, landowners and other
stakeholders, has become the standard guide for conservationists, and is the first
of its kind in the world. Gaywood describes it as “the starting point” for species
translocations, including plants as well as animals. Although it was devised for
the environment in Scotland, the code builds on IUCN (International Union for
the Conservation of Nature) guidelines and can be treated as an international
reference point for similar projects, dealing with the “overarching issues” involved.
There is also a big emphasis on people, says Gaywood, and the importance of
getting the science right.
Gaywood summarises the issues as legal, biological and socio-economic. This
covers everything from founder populations, husbandry and welfare to genetics
and financial impact on different sectors; in effect, to “walk the practitioners
through” what they will need to do to make reintroductions successful. “It is all
about getting things done on the ground,” says Gaywood, “looking beyond single
species to the wider environment.”
Whether you are introducing hoverflies or wolves, there can be complex “cascade
effects” in every project, says Gaywood, and it's hard to predict every impact in
detail. The basic question, however, is could this particular species survive?
And if the answer is “Yes” and conservationists can win people over because their
case is strong and meets the new criteria, we may see further recoveries of nature
in Scotland – which will perhaps help human beings survive.
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Wildlife Diseases

All species
great and
small

If your idea of a vet is someone who appears in
TV programmes such as Animal Rescue or
dramas such as All Creatures Great and Small,
think again. Today, the modern vet could be
doing post-mortems on eagles in Scotland, then
tomorrow could be in West Africa to investigate
the links between bats and Ebola, or coming up
with bright ideas for wildlife conservation –
which, come to think of it, would make a good
plot for a new TV drama...
People send her dead red squirrels in the post. A ranger
working for Scottish Natural Heritage phoned up one
day to ask if she’d investigate the “mysterious deaths”
of hundreds of newts on the island of Rum. And it’s all
in a day’s work for Professor Anna Meredith, the former
head vet at Edinburgh Zoo, and now Personal Chair of
Zoological and Conservation Medicine at the Royal
(Dick) School of Veterinary Studies, who has become a
leading specialist in conservation medicine, concerned
with the overall health of the Earth’s ecosystems – not
just with treating sick exotic animals, wildlife or pets.
Although it may seem like a long way from her
childhood dream of helping cats and dogs to “curing”
the planet, Meredith now focuses on animals of all sorts
because they are all part of complex ecosystems.

Whether it is elephants or parasites, all creatures great
and small could come under her microscope during the
course of the day, and what she learns from them could
have a major impact on the health of the rest of the
animal kingdom – and human beings.
For example, after doing post-mortems on hundreds
of red squirrels over a period of 10 years, Meredith and
her team at the Royal (Dick) School discovered that
they’re carrying a strain of human leprosy. It’s not
thought to be a significant danger to humans in the
UK and is “just another problem” for the squirrels, but
the discovery could lead to further insights into leprosy,
as well as the future wellbeing of one of Scotland’s
most beloved species.
After studying the fate of the only amphibians living on
Rum, Meredith discovered that the cause of the demise
of the palmate newts was a rare form of parasite, found
nowhere else in the country. The “murder weapon” has
been found, but the scientists still don't know how the
weird parasites got there or what the impact on newt
populations will be.
But who cares? Does it matter if hundreds of newts
die a premature death on a remote Scottish island?
How much do we value red squirrels? Questions such
as these need to be answered.
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Ultimately, the health
of humans and our
domestic animals, as
well as wildlife, all
depend on a healthy
functioning ecosystem

Professor Anna Meredith

There are no easy answers to these questions but,
in Meredith’s opinion, what matters is “the
interconnectedness of all life on the planet and the
importance of biodiversity.” Take away one single link in
the chain, and the consequences could be catastrophic.
Lose a single species, and you may even lose the key to
the cure for a fatal disease that may not have been spotted
yet by doctors. Above all, it's important that everyone tries
to conserve the rich diversity of life, because we can never
have all of the answers or know what the future will bring.
“Ultimately, the health of humans and our domestic
animals, as well as wildlife, all depend on a healthy
functioning ecosystem, but human activity is damaging
that, sometimes beyond repair,” she says.
“Conserving species for their own sake is probably wise,
because every species – no matter how small – fulfils a
role in an ecosystem,” says Meredith.
For Meredith, doing post-mortems on red squirrels is
more than just doing “research for its own sake”; it is a
useful reminder that many conservation studies often lead
to unexpected breakthroughs, since the health of any
species reflects what is happening in its environment,
whether it is influenced by natural phenomena or human
behaviour.

From cats and dogs to ecosystems
As Meredith embarked on her career as a vet 25 years ago,
she also didn't know where it was leading. She qualified
from the University of Cambridge in Veterinary Medicine
in 1991, after a first degree in Physiological Sciences from
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the University of Oxford. She spent a year in general
practice, then joined the Royal (Dick) School as a Lecturer
in exotic animal and wildlife medicine, and was Head Vet
at Edinburgh Zoo from 1992 to 2009. Today, she focuses
on wildlife and conservation medicine and is also Director
of Postgraduate Taught programmes and Programme
Director for the MVetSci in Conservation Medicine.
Although she “always wanted to be a vet,” today she is
concerned with the whole ecosystem and the balance
between health and disease in different species, not just
exotic animals and pets but wildlife in general. During her
time at the Zoo, it was a natural progression from looking
after wildlife in captivity to wildlife conservation in the
wild. “I have always focused on the bigger picture,” she
explains, “and recognised that vets have a big role to play
in conservation research and our understanding
of biodiversity.

Wild things
In recent years, Meredith has been involved in studies of
wildcats, raptors, newts and red squirrels, amongst many
others, with a focus on animal health and the impact
of environmental factors such as human intervention,
as well as the links between wildlife and human diseases.
“There are complex inter-relationships between different
species,” she says, “and studying wildlife can also have
benefits for human health. There is no division between
human and animal health, because we are all dependent
on the environment – we are all animals.”

Conservation
medicine online
Professor Anna Meredith is the Director
of Postgraduate Education at the Royal
(Dick) School and has developed a new
Masters Programme in Conservation
Medicine, with over 50 students
currently enrolled in countries all
around the world, as part of “the world’s
only online course in conservation
medicine.” As a new generation of
graduates enters the workforce,
Meredith hopes they will go on to make
a big difference in conservation, whether
they are focusing on wildlife or pets.
“It has become an interdisciplinary
subject,” she continues, “with ecologists,
zoologists and biologists working side
by side with vets and social scientists,
as well as with chemists and geologists.”

One of Meredith’s major concerns is emerging infectious
diseases, 70% of which originate in wild animals and can
then spread to humans – e.g., bird flu, or Ebola, which is
“harboured” in bats. The chain of events is not simple,
however, because it is not always clear if diseases spread
because of human action, such as habitat and species loss
due to deforestation, or because of the animal trade.
“All of these affect conservation and biodiversity,” says
Meredith, “and can amplify the impact of diseases.”
And it is work in the laboratory which sheds light on
the factors involved.
Animal extinction is another big topic, and Meredith is
also concerned with the future of wildcats, threatened not
only by habitat loss but also by hybridisation and diseases
introduced by their near relatives, domestic cats. Red
squirrels also suffer from diseases carried by alien
animal species introduced by man, such as squirrel pox
(introduced to the UK when grey squirrels were brought
here), and Meredith and her colleagues have been
mapping its progress as it spreads through the country.
Does focusing on some species mean we neglect many
others? “Red squirrels and wildcats are iconic species,” says
Meredith, “and that helps draw attention to the much wider
issues involved. The ecosystem has been compared to an
engine, where every nut and bolt has a key role to play –
remove them and the engine may grind to a halt. Similarly,
if we lose biodiversity, we increase the risk of disease.”
Wildlife research can also lead to unexpected
breakthroughs, such as the discovery of leprosy in the red
squirrels. There are two types of bacteria which cause

leprosy in human skin, and both of them have now been
identified in the red squirrels. Although Meredith points
out that leprosy in squirrels is extremely unlikely to spread
to humans, she also notes that the disease still affects
250,000 people worldwide. And who knows what the study
of red squirrels may reveal about cures for leprosy in the
future?
“This is an exciting discovery,” says Meredith, “and
without long-term wildlife surveillance we would
never have found it.”
The reintroduction of beavers in Scotland is a classic
example of conservation medicine in action, says Meredith,
while her study of newts is a more offbeat project which
could lead to equally interesting insights in future.
Meredith explains that the newt project started 10 years
ago, when the SNH noticed the mass deaths of newts on
the island of Rum. She initially went to Rum and brought
some newts back to the lab, where she and her colleagues
identified a new parasitic (fungal) disease not then found
anywhere else in the world. As it happens, newts are the
only amphibians living on Rum, so it is currently a mystery
how they acquired this disease. The scientists also linked
the disease with water quality, because it seems more
severe in more alkaline ponds – the concern is that disease
could lead to the extinction of the newts on the island, just
as infectious diseases have recently wiped out many other
amphibian species. Meredith acknowledges that agonising
over newts may seem obscure, but also points out that we
never know what the research may reveal.
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We need to have a good,
robust science-based
influence on policy, to
tackle the big challenges
we face in looking after
the environment – and
ultimately the health
of the planet itself.

According to Meredith, no-one has studied the health
and wellbeing of Scottish raptors in depth before, largely
because they are threatened more by human persecution
and habitat loss. Recent research is beginning to show how
the raptors are also affected by toxins, including heavy
metals, pesticides and rodenticides which raptors ingest in
their prey. Pesticides including DDT have been identified as
significant problems in the past, also affecting reproduction
in humans when they enter the food chain, so research into
raptors may also uncover new threats to humans, as well as
protecting the raptors.
“The raptors may be sentinels for human health,” says
Meredith, “like many other species in the wild, revealing
more insidious, less obvious factors.”

Conservation medicine
In the course of Meredith’s career, veterinary medicine has
changed out of all recognition, and interest in ecology and
the complex inter-relationships between different species has
also exploded, with more and more governments growing
concerned and committing to environmental programmes.
Looking after sick exotic animals or pets will always be very
important, and can also have a huge psychological impact on
owners, but new careers in veterinary and conservation
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medicine are opening up, creating greater opportunities
than ever before. “As a vet, I actually spend most of my time
dealing with people,” says Meredith, “and vets today have
a key role to play as part of interdisciplinary teams in
ecosystem health as well as animal health, and there are
benefits in every direction, including human health and
economics – tourism and agriculture as well as the
environment in general.”
Meredith believes that conservation underpins everything,
and that understanding the importance of biodiversity
should be embedded in government and education.
“We must keep the momentum going,” she says. “We need
to have a good, robust science-based influence on policy,
to tackle the big challenges we face in looking after the
environment – and ultimately the health of the planet itself.”
It may be a big leap from squirrels and newts to the planet,
but Meredith and other vets are gathering the scientific
evidence to demonstrate the inter-dependence of life forms
and, in the process, could be benefitting animal and human
health. Maybe it’s not such a big step from Animal Rescue
to trying to rescue the Earth?

Molecular Ecology

Mapping the genes
of the planet
When scientists announced that they had
mapped the human genome, the world held its
breath in amazement. It was an epic achievement
which promised significant breakthroughs in
healthcare and the dawn of a new science. But
nowadays “molecular ecologists” can map the
DNA of the environment – and have their sights
set on sequencing all life on Earth...
Whether he is sequencing the DNA of insect soup or
pandas’ excrement, or trying to establish whether sheep
affect the sexual reproduction of very rare flowers,
Professor Pete Hollingsworth is a man on a mission.
As the Director of Science at the Royal Botanic Garden
Edinburgh (RBGE), Hollingsworth is in charge of a
team of 100 researchers, and his specialist subject is
a science called molecular ecology, using the power
of genetics to understand the natural world.
Molecular ecology sounds very fancy, but Hollingsworth
explains that the blueprint of life is “beautifully simple,”
because our DNA (genetic code) is built from four basic
components (ATGC) – like all other life forms on Earth.

According to Hollingsworth, molecular ecology provides
a universal tool to understand the vast complexity of life
on the planet, aiding conservation by identifying species
and varieties within them, and the interconnectedness
of different species; as well as their history, ecology and
evolution.
By looking at genetic differences amongst individuals,
populations or species, it is possible to gain powerful
insights into the workings of the natural world. For
example, DNA testing reveals that the massive economic
impacts caused by the invasive Japanese knotweed are
due to a single female plant that has spread throughout
the country without sex or variation – all individuals are
genetically identical. Understanding this is important
for predicting the further spread of the species, as well
as designing ways to control it. At a larger scale, greater
genetic similarity than expected amongst a highly
diverse group of tropical tree species provides evidence
that the tree diversity of the Amazon may be younger in
evolutionary terms than expected – with clear evidence
for recent evolution of many new species over the last
few million years.
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The ultimate aim of
molecular ecology is to
understand life on
Earth, and to protect
endangered species and
the biodiversity of life
on the planet.
Professor Pete Hollingsworth

The ultimate aim of molecular ecology is to understand
life on Earth, and to protect endangered species and the
biodiversity of life on the planet. But where do you start?
According to Hollingsworth, this involves making
decisions on “what is most important and also what is
fundable.” Some iconic species, such as the panda, are
more popular than others – and Hollingsworth’s group
has recently received funding to sequence the excrement
from pandas to see exactly which species of bamboo they
are eating. Despite the simple fact that pandas eat
bamboo, more than 60 different bamboo species are
reported in their diet, and telling bamboo species apart is
hard enough in the field – let alone when they have been
digested by a panda.
However, despite the obvious appeal of visibly charismatic
species, many of the smaller species play critically
important ecological roles, and understanding the biology
of species such as lichens and mosses can be equally
important, says Hollingsworth.
In addition, you never know what you may find or
how valuable any one project may turn out to be.
Hollingsworth cites the “weirdly important” example of
begonias and Sir Isaac Bayley Balfour – former Regius
Keeper of the RBGE. In 1880, Bayley Balfour brought
back a single begonia plant to Scotland from an island
off the coast of Yemen. Recent DNA testing reveals that
this sole plant is now involved in the parentage of all the
winter flowering Begonia hybrid cultivars – driving an
industry worth millions of pounds every year.
Sometimes, certain species can arouse more public
passion than others. For example, in the UK, the plight
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of bluebells is a classic, well-publicised conservation issue.
Bluebells regularly top the polls in votes for the public’s
favourite flower, and there is concern that they are
threatened with extinction, due to hybridisation with the
introduced and invasive Spanish bluebell. Genetic studies
are being used to quantify the scale of that threat – by
measuring the degree to which our native bluebells are
being ‘invaded’ by the Spanish bluebell’s genes.
The case of the rare Irish Lady’s Tresses orchid is another
mystery which has been investigated using new molecular
ecology techniques. Outwith North America, this orchid is
found in only a few remote coastal locations in Scotland
and Ireland. Despite exhaustive searching, no trace of
seed was found in this species, leading to the idea that
its European populations have abandoned sex, and
reproduce entirely via vegetative spread. The alternative
possibility was that sex and seed production happens –
but just very rarely and sporadically. Understanding this
was important for determining management plans. Irish
Lady’s Tresses occur in heavily grazed sites and if grazing
sheep consume the flowers (which grow only a few
centimetres high), they will “bite their sexual organs off”
(as Hollingsworth remarked in a newspaper article some
time ago), limiting seed production. By looking at the
plant’s DNA, research showed that each plant is
genetically different – demonstrating that they must have
been produced from seed and sexual reproduction, and
ruling out vegetative spread. This simple observation
highlighted the importance of grazing controls to
promote flowering, to maximise the chance of the rare
but important production of seed for enabling these
populations to persist.

Rapid advances
Molecular ecology has changed out of all recognition since
Hollingsworth first got involved as a graduate student,
“counting chromosomes” in the Botany Department of the
University of Leicester in the early 1990s. With a degree
in fish ecology, he then began his PhD in the new science,
using the same very basic equipment researchers had been
using since the pioneering days of the 1950s. Since the
1990s, there has been a “transformation” in technology,
and jobs that used to take years can now be completed in
seconds, making it possible to do things researchers could
never have dreamed of before by automating many of the
processes involved.
Says Hollingsworth: “The last five years have also seen
totally new platforms come into play, allowing for ordersof-magnitude changes in data generation and information
processing. The challenge now is not how to gather the
data, but how to manage and analyse the data.”
Hollingsworth also explains that the technology is also
much more accessible, as well as highly scalable: “In the
past, molecular ecologists were like master craftsmen,
whereas today the machines are more automated.”

The barcode of life
In recent years, Hollingsworth has played a key role in
the identification and discovery of plants, by Chairing the
Scientific Steering Committee of the International Barcode

of Life project. Involving thousands of researchers around
the world, the project takes advantage of the latest DNA
sequencing methods to establish the unique genetic
signature of various species and determine the minimum
data required to tell species apart. The taxonomic challenge
(identifying species and where they are found) is immense
– a total of about two million species have been described
out of an estimated 10 million on earth. In land plants
alone, there are an estimated 400,000 species, and
20% of them are threatened with extinction. About 70,000
still await description. The paper setting the standard DNA
barcoding approach for plants was led by the Royal Botanic
Garden Edinburgh and adopted internationally. Key to the
success of the project was standardisation, so that scientists
around the world would use the same barcodes and, as a
result, researchers have been able to discover several
unknown and endangered species. One example of this is
the DNA barcoding discovery of the moss relative – the
Viking prongwort (Herbertus norenus) – known only from
Shetland and Norway. The same study revealed that a
closely related species, the northern prongwort (Herbertus
borealis), is known to grow on only one mountain – Beinn
Eighe in the Scottish Highlands.
“Genetics gives us insights into problems,” says
Hollingsworth, “and molecular ecology is part of the
biodiversity toolkit – a giant magnifying glass to study
the natural world in incredible detail.”
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Global gardens
The RBGE is not just a pretty
park where people come to see
exotic trees and flowers, but a
hot-bed of advanced scientific
research with a diverse collection
of three million preserved plants,
gathered from locations all over
the world since 1697, and a living
collection of 13,500 plant species.
The early researchers were also
very interested in the practical
aspects of plants, particularly
their medicinal value, and
Hollingsworth and his team have
inherited this scientific tradition,
aware they must demonstrate
impact as well as carry on the
basic conservation. You never
know when a particular plant may
turn out to be useful, and DNA
sequencing now makes it possible
to analyse samples preserved in
the archives for hundreds of years.
The RBGE has various priorities,
including conservation projects
in Scotland and overseas, but its
collection of preserved species is
one of its most valuable assets and
gives it a distinct “market niche.”
“With new advances in technology
– we now call this our genomic
treasure trove,” says Hollingsworth.
Researchers also get involved in
large-scale international projects,
such as using satellite technology
to assess the success of massive
reforestation programmes in
China, and monitoring the spread
and establishment of rubber
plantations to assess the extent
of risks to sustainable production
where plantations are established
in sub-optimal environments.
Another major project is in Nepal,
working in collaboration with
Nepalese botanists to understand
and characterise the plant
resources of the country’s
extremely diverse flora.
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Conservation is an obvious use for the toolkit, but molecular ecology is also reaching
into other areas, including criminal investigation, wildlife forensics and consumer
protection – for example, testing the ingredients of herbal medicine or analysing
ivory and hardwoods to identify where they have come from. Barcoding yew trees
has also provided a framework to discover new species, which may, in turn, help
identify new types of taxol, a plant extract used in anti-cancer drugs. And the
benefits could have an impact on all sorts of species – studies in North America
showed that about 30% of tested fish in markets and restaurants are not the fish
we think they are.
“This is really exciting and empowering. This application of molecular ecology
enables us to identify the previously unidentifiable and, hence, regulate the
previously unregulatable,” Hollingsworth adds.

Environmental DNA
One of the most exciting areas in molecular ecology is what is called “environmental
DNA”. Hollingsworth explains that every organism sheds small amounts of its DNA
in the course of the day, and much of this ends up in the wider environment. For
instance, when you analyse the DNA dissolved in water (e.g., in a mountain lochan),
you can find traces of everything living above and around it, washed down in rivers
and streams. This means you can identify invasive species and other wildlife, by
“DNA sequencing the environment.”
Molecular ecologists have also gathered insects in the jungle, and put the whole
catch in a blender to make “insect soup.” Instead of going around with a butterfly
net, catching insects at random, they can place traps in different locations and
analyse the contents to discern spatial variations and profile each location –
identifying all the local insects as well as what they are eating. “These are industrialscale samples of complex ecological systems,” says Hollingsworth. “Technology is
enabling us to sequence more individuals and more genes than ever before.”
Molecular ecology is transforming our view of the planet by providing a toolkit that
“measures” its biodiversity, going back thousands of years. DNA sequencing ancient
sediments and soils also enables high-resolution reconstruction of past species
assemblages, enhancing our understanding of how species have responded to past
environmental change. And Hollingsworth believes that one big challenge facing the
science today is how to understand the links with history – to make it easier to
predict what future changes will look like.

Profiles
Scotland is home to a talented group of researchers who focus on biodiversity
in various ways. They are scientists who take both a professional and personal
interest in environmental issues. Amongst them are many people in the early
stages of their careers, investigating everything from insects to whales,
in habitats ranging from the Poles to the Tropics. So how did their passion
for this branch of science develop? What is their specialist interest?
Who inspired them? Which endangered species do they care about most?
And, what are their hopes and fears for the future? Science Scotland spoke
to eight researchers in search of some answers...

Dr Jenni Stockan
Research Scientist at the James Hutton Institute

Why insects?
Background
Not many people have such a clear idea of what they want to do
in life at such a tender age, but when she was just 12 years old,
Stockan had already decided to become an entomologist, after
getting involved in a school project on butterflies. As she
progressed through school, she worked at the Edinburgh
Butterfly and Insect World, then moved
to Aberdeen to complete a BSc in
Ecology, followed by an MSc (Wildlife
Biology and Conservation) and PhD
(Riparian Ecology) whilst working for
the Macaulay Land Use Research
Institute, now the James Hutton
Institute. In 2012, she received
the Marsh Award “for early-career
entomologists” and was made a Fellow
of the Royal Entomological Society.
She is currently employed as a Research
Scientist at the James Hutton Institute, where she has worked
for the last 15 years. One of Stockan’s proudest achievements
so far is her work on the book Wood Ant Ecology and
Conservation, co-edited with Dr Elva Robinson and published
by Cambridge University Press in 2016, which she describes
as “a massive collaborative effort involving more than 20
myrmecologists around the world.”

According to Stockan, insects are a fundamental component
of any ecosystem, and she is involved in a number of projects
in which insects can be used to tell us something about the
health, functioning and future prospects of that ecosystem.
For example, how tree origin, climate change and disease will
impact on the biodiversity, ecosystem function and services
associated with those trees. She is also investigating, via
long-term experiments, how insects respond to changes in
grazing and the environment and the impact that may have
on species further up the food chain.
“This research provides evidence-based policy and practical
advice that can be used to mitigate some of the unintended
consequences of changes in the environment,” says Stockan.
“However, my work is incredibly diverse and also involves
looking at insect pests associated with wastewater treatment,
edible insects and invasive species.”

Biggest threat?
Stockan believes that one of the biggest threats to the
environment is the loss of biodiversity. “There is ever-increasing
evidence that species-rich communities are more resilient to
change than species-poor ones,” she explains. “The loss of
species can greatly affect how an ecosystem functions, leading
to a degradation or loss of essential ecosystem services. With
regard to insects, we are seeing this particularly strongly
with pollinators.”
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Dr Jenni Stockan continued
If Stockan had a magic wand, she would probably turn the clock
back 100 years – but hold on to the knowledge we have today.
“Ecological and environmental problems are often more difficult
to solve retrospectively,” she says. “If we could have prevented
these problems in the first place, then we would now be living
in a very different world.”
Looking forward, Stockan thinks the major long-term challenge
is the strain of an increasing human population on our natural
resources. “We need a collective change in mindset to value and
appreciate the natural world much more highly than we
currently do,” she says.

Endangered species?
Asked to name the one endangered species she would save,
Stockan answers “the taxonomist.” Taxonomy is rarely taught in
universities now, she continues, and even with the development
of molecular methods, those basic skills are still important.
Stockan was greatly encouraged, however, when she recently
met an 11-year old who can identify the two species of wood ant
we have in Scotland, “something only a handful of other people
in Scotland can do.”

If she was to save one species, she would choose the freshwater
pearl mussel – Scotland is home to about 50% of the world’s
breeding population, and this invertebrate can live for up to
250 years.

Biodiversity heroes
Stockan is also encouraged by recent progress in ecology:
“I think there is a lot of exciting work currently being carried
out in the area of ecological networks – the idea that no species
exists in isolation, and that all those within a community are
connected through their interactions. I recently read with
interest a paper by Gatti, Hordijk and Kauffmann, which
combined two recent theories to attempt to answer why so
many species can coexist in the same ecosystem. They proposed
that biodiversity can be considered a system of ‘autocatalytic
sets’ – a self-sustaining network.”
A major influence on Stockan is Dr Mark Young of Aberdeen
University, now retired. “He has been an amazing inspiration to
many people in northeast Scotland, myself included,” she says.
As well as supervising Stockan's BSc project and PhD, Young
ignited Stockan’s specialist interest in ants, and she is still
working with him on a project to understand the habitat
requirements of a rare damselfly.

Gaby Peniche
PhD student at The Royal (Dick)
School of Veterinary Studies,
University of Edinburgh
Raptors as health indicators
Background
Gaby Peniche is an ecologist and veterinary nurse who has
studied in Mexico, Australia and the UK, and is now working
towards her PhD at The Royal (Dick) School in Edinburgh.
In her study of Raptor health as an indicator of ecosystem
health: development of novel surveillance tools for conservation,
she focuses on health-related regional differences in Scottish
birds of prey, including golden eagles.
“I've worked for many years on the reintroduction of
endangered species,” says Peniche, “focusing on either the
ecology or the pathology. My current project mixes these two
disciplines and what could be better than helping save the
planet while enjoying stunning Scottish Highlands scenery
from an eagle’s-eye view?”
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Because they’re at the top of the food chain, raptors are good
indicators of ecosystem health. As pollutants bio-accumulate,
they reach their highest concentration at the top of the food chain.
Decreases in population or disease in lower levels of the food
chain also affect higher levels, and because their population
densities are lower, drops in numbers are detected more quickly.
Raptors are also affected by adverse human practices, so early
detection helps to reverse any damage to their populations, as well
as those of other species in the ecosystem and the environment.

Biggest achievement?
Says Peniche: “I have had the good fortune to work in various
countries and environments with multiple species, and my
biggest achievement so far has been to build a personal network
of people and learn from them – for example, my current
project depends on tapping into this network for collaboration
and advice – as well as encouragement.”

Profiles
If I had a magic wand, I’d give the whole
planet a better education and a kinder heart
Biggest threats?
“The biggest threats are over-exploitation and the
unsustainability of our natural resources,” says Peniche. In her
opinion, rising populations, materialism combined with
unequal distribution of resources, and a lack of understanding
of environmental issues drive these threats. “As time goes by,
this situation will lead to shortages of resources, even for those
who can afford them.” Peniche also cites some specific
examples of unsustainability, such as the loss of non-renewable
tropical hardwoods, demand for strawberries even in the
middle of winter, and supermarkets stocking New Zealand
venison in Scotland. “If I had a magic wand, I’d give the whole
planet a better education and a kinder heart,” says Peniche.

Future challenges?
10 years from now: Continued reduction of species and
natural resources due to loss of habitat and rising global
temperatures.

100 years from now: If present trends continue, ecosystem
functions will collapse, and this will be most evident among
the smallest, highest-density species such as detritivores and
pollinators.

Endangered species?
If Peniche could save a single species from extinction, it
would be an apex predator such as Blakiston’s eagle owl,
partly because this would have a positive knock-on effect on
other species and habitats, including mountain regions in
Russia, China and Japan.

Biodiversity champions?
Peniche is also interested in how the different disciplines
of science, conservation, technology and social sciences
can work together to counter ecosystem damage. And her
“biodiversity champions” would be the unsung heroes who
volunteer their time collecting data in the field and making
it available to others.

50 years from now: Conglomeration of human settlements
in smaller areas due to environmental problems such as loss
of water infiltration, reduced soil quality and desertification,
as well as flooding and landslides, deforestation, pollution
and extreme patterns of rainfall.

Dr Andrew Brownlow
Scottish Marine Animal Stranding Scheme
SAC Veterinary Services

Background
Brownlow graduated as a veterinary surgeon from Edinburgh
Royal (Dick) School of Veterinary Medicine in 2000 and after
a brief spell in general practice, went to East Africa to research
endemic vector-borne diseases. After gaining his PhD in
Veterinary Epidemiology, he witnessed his first sperm whale
necropsy in Inverness and immediately saw the potential for
using marine strandings as a way to learn from, and
communicate about, the marine environment.
Head of the Scottish Marine Animal Stranding Scheme since
2009, Brownlow says: “I am a strong advocate for improving
the communication of science to the public and applying citizen
science principles to our own marine monitoring research.

My current research interests include assessing the cumulative
effects of disease, physiology and environmental stressors on
wild populations and quantifying the representativeness of
opportunistically collected surveillance data.”

Public awareness
Brownlow's work essentially involves “dragging dead marine
animals off the beach and trying to work out what happened
to them.” Discovery of a stranded marine mammal invariably
captures public attention, he says, and often leads to speculation
that the incident is linked to human activities – as well as
concern about what the stranding indicates about the health
of our oceans.
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And our survival is inexorably tied to that of our
ecosystems. If ‘Spaceship Earth’ breaks down,
it’s a cold dark night out there and a long walk
to anywhere else.
Dr Andrew Brownlow continued
Sometimes, strandings can provide insights into the threats
and pressures experienced at a population, species or even
ecosystem level. “But,” he adds, “because there is so much
public interest in the fate of these charismatic species, we
try to communicate wider and potentially more cryptic
issues of marine biodiversity conservation to students,
volunteers and the wider public.”
The opportunity to collaborate with so many people has
also enabled Brownlow to study the effect of certain
human activities such as noise and persistent organic
pollutants on marine mammals. “Trying to keep your
science good and relevant is similar to undertaking a whale
post-mortem,” he says. “It can be a much more complex
and messy problem than it first appears, and success
requires knowledge, teamwork, bomb-proof logistics,
and more than a modicum of good luck.”

Communication key
For Brownlow, it’s important to keep people engaged with
environmental issues, to change behaviour and keep up
the political pressure. “There is a risk people become
disengaged or feel the problems are too big or too complex
for individual action to make any difference,” he explains.
“We also need to remember to celebrate our conservation
successes, not just be harbingers of ecological doom.”

Wish list
Top of Brownlow's wish list for the future is a powerful,
cheap, light, safe and easily recyclable battery for storing
electricity. He also thinks that by addressing energy
poverty, we would also generate benefits in many other
fields such as health care and education.
“Climate change obviously bothers me, and the problem
is we are not always great at recognising cause and effect,
particularly not at a large scale,” says Brownlow.
“Increasing volatility in climate patterns, and the likely
disastrous effects this will have in already vulnerable
communities such as sub-Saharan Africa, will likely
precipitate larger human migrations. Unless this is well
managed, the racial, political and religious conflicts this
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may bring about could push environmental and ecological
agendas much further down the list of priorities. The
century after the end of WW2 will probably be seen as the
most profligate period in human civilisation, when we
squandered many natural resources and lost much of our
biological, ecological and anthropological heritage.”

Endangered species?
According to Brownlow, it’s hard to weigh the pros and
cons of saving one species versus another – or ecological
utility versus flagship status. “I don’t think I would actually
choose to save only one species,” he says. “I think that
misses the point of ecological viability. So, if I can, I’d like
to slightly cheat, and elect to save coral – all of them,
including our own deepwater cold corals.”
Brownlow also describes biodiversity as “fractal” – because
it has the same shape, patterns and gradients regardless
of scale. “And our survival is inexorably tied to that of
our ecosystems,” he explains. “If ‘Spaceship Earth’ breaks
down, it’s a cold dark night out there and a long walk to
anywhere else.”

Biodiversity champion?
Like many of his colleagues, Brownlow grew up inspired
by many brilliant naturalists and communicators such as
David Attenborough, Gerald Durrell, Steve Irwin and Bill
Oddie, but his “biodiversity champion” is the biologist Carl
Jones, who worked so hard to save the Mauritius kestrel,
pink pigeon and echo parakeet from almost certain
extinction. Brownlow spent a summer working with
Professor Jones on Mauritius and saw first-hand his
intensive conservation management techniques in action.
“When I was there, the projects were well set up and run,
but I loved the sheer bloody-mindedness of how Carl first
went to the island in the seventies,” says Brownlow.
“At that time, there were only five kestrels left and Carl’s
captive breeding programmes, intensive monitoring and
feeding of wild pairs brought the species back from the
brink. But it was the fact he knew that saving a species was
a long game, requiring sustainable habitat restoration as
well as education, which I think was brilliant.”

Profiles
Dr Niki Vermeulen
Lecturer in history/sociology of science and
Wellcome Research Fellow in the School
of Social and Political Science at the
University of Edinburgh

Background

Biggest threat to the environment?

Originally from Holland, Vermeulen has a PhD in Science
and Technology Studies (STS) from Maastricht University.
STS is a relatively new interdisciplinary field, combining history,
philosophy and sociology to study the role of science and
technology in our society. Vermeulen describes herself as
“a social scientist specialising in science and innovation policy
and the organisation of research, with an emphasis on scientific
collaboration in the life sciences – or studying scientists and
how they collaborate.” She chose this subject because she was
fascinated with changes in the life sciences – e.g,. the increasing
use of technologies and data, together with the rise of
larger-scale projects in molecular biology such as the Human
Genome Project – and wanted to know how this changed the
life of scientists and their interaction with colleagues.

“Next to global warming and other threads to biodiversity,
such as the huge amounts of plastics in the oceans, the current
trend is to retreat behind national borders again – e.g., Brexit.
International collaboration is necessary to understand the
global dynamics in our environment, past, present and future,”
says Vermeulen.

Vermeulen first came to the UK as a Marie Curie Research
Fellow in STS at the University of York, then worked as a
lecturer/researcher at the University of Vienna. In 2012, she
received a Wellcome Trust Fellowship to study the history
of systems biology at the University of Manchester, before
coming to the University of Edinburgh in 2014 as a Lecturer
in history/sociology of science.

Vermeulen also feels very strongly about the need for increased
funding for biological sciences – especially biodiversity research.
For example, her experience working on the Census of Marine
Life has shown her “how little we know about what lives in the
oceans,” and it is possible we’ll never know before it is gone.
She adds: “I am very impressed by Boyan Slat and his Ocean
Cleanup. In academia, the National Center for Ecological Analysis
and Synthesis (NCEAS) is an excellent initiative, bringing
researchers together to discuss and model trends in biodiversity.”

Major challenges?
How to organise (international) collaboration across disciplinary,
sectoral and national boundaries, including scientists and
researchers from the social sciences and humanities, as well
as schools, museums, cultural organisations, policy makers,
politicians and business.

Collaboration is key
In Vermeulen's view, although historians have studied scientific
collaboration in physics, “the same is not so much true of
biology,” despite the fact that natural historians were the
first scientists to collaborate – forming networks to collect and
identify species. Because it is impossible to get a systematic
overview of life on Earth working alone, collaboration is
essential, and Vermeulen is interested in how these
collaborations are organised and how they function. She is also
setting up a study to see “how the architecture of a research
institute can influence the ways in which scientists interact.”
“Working together and across boundaries is not only what I
study, but also what I enjoy doing myself,” says Vermeulen.
“Working with people from all over the world has not only
helped me to advance my intellectual career, but also taught
me a lot about different cultures.”

Endangered species?
Human beings – to survive, we will have to take better care
of the environment and other species.

Biodiversity lessons?
“I was fortunate enough to co-author a publication with
E.O. Wilson entitled Mapping the biosphere: exploring species
to understand the origin, organization and sustainability of
biodiversity which appeared in the journal Systematics and
Biodiversity. This highlighted the need to collaborate in
biodiversity research, to advance our understanding of life
on Earth.
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Jeanette Hall
Woodland Adviser,
Scottish Natural Heritage

Background
When Hall was 17 years old, she decided that she wanted to be
an ecologist, and in her mid-twenties, she decided to focus on
woodland. After gaining her BSc in Pure and Applied Ecology
at the University of Sheffield, she studied for her MSc in
Conservation at University College London (UCL) from
1993 to 1994. She has been a Woodland Adviser for Scottish
Natural Heritage since 2002, and in her free time does a lot of
field work, co-authoring papers on amphibian ecology and the
value of SuDS (sustainable drainage systems) for biodiversity.

Conservation must be relevant
In her day job, Hall advises SNH staff and landowners on
managing woodland for conservation. Most of her work relates
to sites designated for their conservation interest under Scottish
or European law, and in many cases this leads to changes in
management, and an improvement in their condition. Most of
Hall's work is long term, and she hopes that people will look at
woodlands in 100 years’ time and see that she has made some
contribution to what they see around them.
Her personal research focuses on the conservation of great
crested newts and their habitat, as well as amphibians in SuDS
in Inverness. Says Hall: “I believe my work on urban wildlife is
valuable because it focuses on the benefits to local people as
well as biodiversity. Conservation will only succeed if it is
relevant to people’s lives.”
She and her colleagues have been able to demonstrate that
great crested newts are native to the area around the Moray
Firth, and this has created a great deal of interest, working with
the Forestry Commission (several of the most important sites
are on the National Forest Estate) and local landowners to
improve the habitat for newts – and other biodiversity. The
work has included creating ponds to improve metapopulation
dynamics, and several of these have been colonised in the first
season after creation, leading to a 10% increase in the number
of breeding sites.

Biggest threat to the environment?
“Globally, the biggest threat is climate change,” says Hall,
“but for Scottish ecosystems, and specifically woodland, I think
over-grazing is an even bigger threat. A lot of ancient woodland
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has already been lost because of heavy grazing preventing
regeneration, and the structure and composition of many other
woodlands is highly impoverished. The Native Woodland Survey
of Scotland, published in 2014, found that about 12% of ancient
woodland has been lost to open land, most likely as a result of
herbivore pressure, and a third of all native woodland has high
or very high herbivore impact.”
In Hall's view, the key to progress is “a real understanding
amongst political leaders of the vital importance of the
environment to humanity.” She also thinks the challenges will
not change in the future – but they will become more intense.
“Climate change, and its impact on human populations,
especially increased migration, will continue to be the greatest
challenge to the environment,” she says.

Endangered species?
If Hall could save one species, she would choose the orangutans.
She herself says this is a “purely visceral answer,” but even
though fungus or plants would be “less showy” answers, the
orangutans win: “They appear so gentle and intelligent, but also
because of their dependence on high-quality primary forest,
you have to save their habitat and everything in it, in order to
save them.”

Biodiversity
What interests Hall about biodiversity is the breadth of the term,
encompassing all levels of biology, from genetics to species and
ecosystems, including natural history, ecology and human
engagement with nature. She explains: “The rapid adoption of
the word in all levels of social and political discourse, not just
amongst scientists, has led to the topic becoming embedded
across society in discussions about transport, food and energy,
etc., in ways that would have been previously unimaginable.”
When it comes to choosing a ‘biodiversity hero,’ Hall nominates
her father: “He was my greatest inspiration. He loved nature,
and was incredibly knowledgeable about the whole range of
wildlife.” Another champion for Hall is the scientist Professor
Lynne Boddy, who pioneered the study of fungal communities
in wood, demonstrating that fungi are fundamental to the
functioning of woodlands – “a fervent advocate for the vital
importance of fungi to all ecosystems.”

Profiles

Dr Staffan Roos
Senior Conservation Scientist at RSPB Scotland

Background
After graduating with an MSc in Animal Ecology from Uppsala
University in Sweden, then gaining his PhD in Ecology from the
Swedish University of Agricultural Sciences, Roos worked as a
researcher at the Swedish Biodiversity Centre. In 2006, he came
to the UK to work as a Postdoctoral Fellow at Queen’s University
Belfast, and from 2008 to 2011, he was a Research Ecologist at
the British Trust for Ornithology (Scotland), before he moved to
RSPB Scotland to become a Senior Conservation Scientist.

In his research, Roos focuses on predator–prey interactions,
raptor ecology and conflict resolution between raptors and
other land uses (e.g., shooting, wind energy production and
agriculture/forestry).

Conflict resolution
“The long-standing conflicts involving raptors have proven
difficult to solve,” says Roos. “There are strongly-held views
amongst many stakeholders, and often these views are not based
on facts but on anecdotes. My research tries to quantify different
aspects of the ecology of raptors (e.g., diet, breeding success,
survival, flight behaviour and movements), to learn what
constraints are acting on the raptor populations and what
could be done to resolve conflicts – informing both sides of the
argument (e.g., raptor conservationists and shooting interests).”

Biggest achievement?
According to Roos, the “most important thing” he has achieved
so far in his career is the discovery that red-backed shrikes select
breeding territories to avoid nest predators – something he
describes as “a small step for mankind, but a major step
forward in my scientific career!”

The biggest threat?
The unsustainable use of the world's resources. Over-population
in some areas and over-consumption in others contribute to
habitat destruction, climate change and even wars.
If Roos could wave a magic wand, he’d make the “science
scepticism” movement disappear and get politicians and others
to start listening more to scientists. “We scientists often have
creative solutions that would reduce the impact of humans on
the environment,” he explains. “Too often, scientists are met with
contempt (e.g., ‘you only say that so you could get more funding’).
Even worse, the governments in the US, Canada and Australia

have destroyed data, reduced funding for ‘politically inconvenient’
projects (e.g., climate change projects) and refused to let
government scientists communicate their findings – behaviour
which in turn makes the general public more sceptical about
science.”

His personal goal would be “to help solve the conflict between
raptor conservation and shooting interests.”

10/50 years from now?
10 years: Brexit will make it difficult to fund meaningful
conservation work. The network of protected areas (some of
them protected under EU legislation) may be used for residential
and commercial development, and higher education could
become so expensive that we produce fewer scientists. Scientists
will move to countries where research is better funded.
Overpopulation and habitat destruction, particularly in parts
of Africa and Southeast Asia, will also get worse, and the
spread of unsustainable palm oil production will eradicate
tropical forests and accelerate climate change.
50 years: The effects of climate change will be more visible in
the UK, requiring costly and challenging emergency solutions.
Many charismatic species will be extinct. (e.g., orangutans, tigers,
African elephants, etc.), and the challenge will be to save the
remaining species and pristine habitats. Climate change will
have made many areas harder for humans to live in, and there
could be wars over clean drinking water. “And if I could save
one endangered species, I would choose the Bornean and
Sumatran orangutans.”
Roos adds: “There is a growing number of international
agreements – e.g., the Convention on Biological Diversity 1992,
the Convention for the Protection of the Marine Environment of
the Northeast Atlantic (The OSPAR Convention) 1992 and the
Paris Climate Agreement 2015 – designed to protect species and
the environment. They are not always meeting their targets, but
for so many countries to have a shared vision of a sustainable
future can help conservation.”

Biodiversity champion?
Roos nominates Professor William (Bill) Sutherland, “who
tirelessly promotes a scientific approach to real-world problems
and also donates many of his own textbooks in ecology to
developing countries.” In addition, says Roos, he remembers
names and faces, and talks with equal enthusiasm to students
and professors, which makes everyone feel welcome at meetings.
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Profiles
Professor Kirsty Park
Professor in Conservation Ecology in
the Department of Biological &
Environmental Sciences,
University of Stirling

Background
Interested in the natural world from a young age, like
many other young people inspired by David Attenborough’s
television programmes, Park went on to study for a BSc in
Biology at Leeds University and specialised in “bat roosting
and hibernation ecology” when she gained her PhD at
Bristol University.
“The intention following my PhD was to work in conservation,
perhaps for a charity or statutory agency – academia was not
on the agenda,” she explains. “However, soon after I finished,
I was offered a short-term post-doctoral position at the
University of Stirling, and soon I realised that working at
a university could be very rewarding.”
Park became a Lecturer in 2005 and was promoted to
Professor in 2016. Her current research is concerned with
the effects of human activity on biodiversity and how best
to mitigate the severity of the numerous threats, focusing
on conservation in managed environments (e.g., urban,
agriculture, forestry). She works with a variety of conservation
organisations “to try and ensure that my findings make a
difference to policy and practice in a way that benefits the
environment.”
In Park’s opinion, the continuing rise in the human
population, combined with the resulting consequences for
habitat loss, as well as climate change and widespread wildlife
conflicts, are the biggest threats to life on the planet: “Whilst
I believe in the importance of not giving in to despair,” she
continues, “it’s hard to see that these will not still be the
major threats over the next 50 years.”

What to do?
Science has a major role to play, however. “We have learned
from our research on neonicotinoids over the last few years
that we need to be ready to identify (and act on) new threats as
they emerge,” she explains. “So, if I could wave a magic wand,
it would be to halt the destruction of tropical rainforests,
given their global importance to biodiversity and ecosystem
function.”
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if I could wave a magic
wand, it would be to halt
the destruction of tropical
rainforests, given their
global importance
to biodiversity and
ecosystem function.
On another level, however, she would like to see a wider
understanding of what science is and why it's so important
for humans and the rest of the planet. “The denigration
of science and scientists that has emerged over the last few
years, particularly from people in power, is a profoundly
disturbing trend,” Park says, “but the show of strength
from those involved in the recent March for Science events
provides me with some room for optimism.”

Biodiversity champion?
Not a single person but all the people, often working
voluntarily, who devote large amounts of their time to
collecting data on species distributions and populations,
and those who campaign on conservation issues and lobby
for policy change. “Without them,” she concludes, “our
understanding of nature and our ability to conserve it would
be in a much worse state than it is now.”

Profiles
Dr Kathryn Elmer
Institute of Biodiversity, Animal Health and
Comparative Medicine, University of Glasgow

Background

The biggest threat?

Elmer graduated from the University of Toronto with a
multidisciplinary BA (Hons) in Zoology, Philosophy and
Environmental Studies. Her initial aim was to work in
biodiversity conservation policy, but some excellent courses,
hands-on biology volunteering and contributing to active
conservation projects inspired her to change to scientific
research. “This opened my eyes to the thrill of research,”
says Elmer, “and I decided to become a biodiversity scientist.”

Pollution, habitat loss and climate change are all a big worry,
so Elmer says the biggest threat to biodiversity is clearly
humans. The positive side is that “science may give us tools to
mitigate some of these worst effects”. For example, one major
issue is plastic waste, especially when it breaks down and
enters the food chain. “This is something that could be really
quickly fixed, without a detrimental impact on our quality
of life, if science can develop safe alternatives to consumer
plastics” she says.

Next stop was Queen’s University in Canada, (2001–2006)
where Elmer did her PhD, studying the genetic diversity of
frogs and salamanders in the Amazon, with a focus on the
relationship between genetic diversity and the landscape.
She then worked as a post-doc with the Amphibian Tree of Life
project and won a Fellowship at the University of Konstanz,
studying rapid adaptation and speciation in fishes. She also
managed the Genomics Center, which gave her the chance
to work at the leading edge of new technologies in DNA
sequencing and how they can be applied to biodiversity
questions.
In 2012, Elmer took up her current position, heading a
research group focusing on how different animal species
adapt to their environment – including salmonid fishes,
reptiles and amphibians.

Biodiversity and conservation
Elmer’s research asks fundamental ‘how’ and ‘why’ questions
about the origins of biodiversity, using ecological and genomic
approaches. These have helped her to discover new species,
as well as previously unknown drivers and timescales to
diversification. “For the first time,” says Elmer, “we are
discovering new species, new variants and new cryptic patterns
of genetic variation.” This is important, she adds, “because
if a species is not known, it’s hard to protect it.”
Another major focus for Elmer is understanding how
organisms adapt to their ecological challenges, “particularly
what seem to be similar, repeated strategies at the
phenotype-level across populations and even species,
which can, in fact, be from dissimilar genetic bases.”

Although she thinks that plastics pollution will become much
more critical over the next 10 years, especially for aquatic
organisms, Elmer chiefly worries that climate change will be
the most critical challenge for biodiversity in decades to come.

Endangered species?
Saving one endangered species would only solve a very small
part of the problem, says Elmer, because there are so many
interlinked species and “such great depth of evolutionary
history.” But if she could save one single species, polar bears
would be top of the list – not just because she is Canadian, but
because “in the process of saving the bears we would have to
solve a monumental number of environmental issues for
other species all around the globe.”
It is not just “species” that matters, says Elmer, but the whole
web of life, including local ecosystems, the unseen genetic
diversity within species, and their evolutionary potential – an
idea championed by Elmer’s inspiration, E.O. Wilson, which is
gradually gaining more traction “but is still far from sufficiently
incorporated into policy.”

It is not just “species”
that matters, but the
whole web of life...
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Human–wildlife Conflict

How to live with wildlife
It may not be The Battle of the Planet of the Apes,
but human–wildlife conflicts are becoming an
increasingly difficult challenge in countries all
over the world, because of factors such as climate
change and changes in land use. Scientists in
Scotland are using innovative ideas, including
role-playing games, to help people make peace with
wildlife – by first making peace with each other...
At first, the problem seemed to be migration. The
numbers of barnacle geese stopping over during the
winter on Islay more than doubled from 20,000 in 1987
to 43,000 in 2016, as the birds took advantage of
improvements in grassland, in the process causing lots
of damage which led to lower incomes for farmers.
Climate change has also been blamed for the annual
surge in numbers, but ultimately this is not a battle
between man and nature, or even between human beings
and geese – this is a conflict that only the humans can
deal with.
According to the World Wide Fund for Nature (WWF),
“conflict between people and animals is one of the main
threats to the continued survival of many species in
different parts of the world, and is also a significant
threat to local human populations.”
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What leads to the conflict is the spread of urban areas
and agricultural land, and the growing use of land for
tourism and hunting, all of which affect the ecosystem –
in other words, whenever human beings arrive on the
scene and have competing views on land use. The
reintroduction of species such as beavers and eagles can
also have an impact on agriculture and biodiversity, and
lead to disagreements between conservationists and
landowners, but human beings only have themselves
to blame – not beavers or eagles.
For Professor Nils Bunnefeld of the Biological and
Environmental Sciences Department at the University
of Stirling, the major issue is more often conflict among
human beings. Some people want the land to stay the
same at all costs, or restore it to how they think it was
hundreds of years ago. Others want to make more space
for nature, or see themselves as advocates of “progress”
and want to exploit the land for all it is worth. Bunnefeld
describes it as a philosophical and social problem –
simply different values and attitudes to what we should
do with the land and also how we want to lead our lives.
And to try to solve some of these problems, Bunnefeld
is now getting people to sit down together and play
“ecological” role-playing games, based on ‘game theory’.

Everyone has strong opinions,
and we have to take everyone
into account, despite their very
different views on land use and
land ownership policy
Professor Nils Bunnefeld

Interdisciplinary investment
The general public and policy makers have not always
recognised the “value” of nature in terms of economics
and ecology, but Bunnefeld now talks about the
human–wildlife conflict in terms of social science
and psychology, or human interaction and behaviour.
“We have a massive crisis in biodiversity,” he explains.
We have lost many species and are also attempting to
reintroduce many species, such as beavers and lynx.
In addition, there are problems resulting from climate
change, caused by the release into the atmosphere of
‘greenhouse gases,’ exacerbated by human population
growth and accelerating development. But what we
should do with the land is still a matter of opinion –
should we use it for more agriculture, sport, ecotourism
or nature conservation? We love seeing wildlife, but
that can also make the problem worse, because people
find it so hard to accommodate each other.
One of the projects which Bunnefeld has worked on is
trying to manage the increase in numbers on Islay of
barnacle geese – an EU-protected species. Similar
problems have developed on Orkney, but the greylag
geese there are “game birds”, which farmers have been
given permission to cull. On Islay, however, the Scottish
Government has paid compensation to farmers, and so
far most of them seem happy to continue with this,
as long as the payments are increased in line with the
increase in numbers of geese. In other parts of Scotland,
more extreme conflicts have also arisen – for example,
when hen harriers are illegally killed to protect
grouse shooting. And whenever there are conflicts,
conservationists and scientists like Bunnefeld try
to encourage stakeholders (including government,
landowners and farmers’ unions, as well as nature
enthusiasts) to sit down and talk through the issues
to find solutions everyone can live with.
“The key is investment in people,” says Bunnefeld.
“Everyone has strong opinions, and we have to take

everyone into account, despite their very different views
on land use and land ownership policy.” For example,
he adds, tourists like to see deer running wild in the
landscape, but many others see them as a problem.

Win–win and collaboration games
To address these problems, Bunnefeld has won
European Research Council funding worth 1.5 million
euros to launch a new project inspired by the principles
of game theory – scenarios where people play the role
of different stakeholders and interact with each other
to “explore new avenues” for resolution of conflict.
The researchers are interested in studying how conflicts
emerge, as well as helping people work more closely
together, based on the idea that people tend towards
collaboration rather than conflict in order to survive.
If this leads to useful outcomes, says Bunnefeld, the
ideas can be put into practice, whether it’s to solve
existing problems or anticipate problems to come –
for example, when a species is reintroduced and then
becomes over-abundant.
The “selling point” for this unusual project is that this is a
rare approach in conservation. Human–wildlife conflicts
are usually seen as a problem for humans (e.g., less money
for farmers) or a threat to the wildlife, but Bunnefeld
believes that the answer lies somewhere in the middle –
understanding how the wildlife behaves and the kind of
habitats they live in (the ecology) and what human beings
want (e.g., agriculture versus leisure – the social science)
and how they behave (the psychology). In addition,
social scientists, psychologists and ecologists will all
have something to contribute to the project – an
interdisciplinary approach which Bunnefeld says gets a
lot more financial support in the EU than in Scotland
or in the UK as a whole. “It’s a high-risk, high-gain
project, and if you don’t support interdisciplinary
research like that, you only see very small pieces of
problems – not the big picture.”
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The scenarios envisaged in Bunnefeld's games could be
elephants in Africa or cranes in Scandinavia, or geese or
raptors in Scotland, but the lessons regarding people’s
behaviour are likely to be similar for any human–wildlife
conflict anywhere. Test runs have already been
conducted with students in Stirling, and Bunnefeld
reports that there have been a few surprises already.
“We have already questioned farmers (about 100 people)
on Islay to find out how they feel in different situations,”
says Bunnefeld. “We were surprised to find how much
many of the farmers really like the geese, despite all the
damage they cause, and the games will be designed to
help participants exchange ideas and express their true
opinions, teasing out how they respond, so we can
predict how different interests groups would likely
behave in a conflict. For example, in one of our trials
with the students, one group wanted to invest in
conservation and another group in agriculture, for the
greater good of everyone, and thus gave up the chance
to compromise – this is what can lead to conflicts and
prevent co-operation.”
Economic interests tend to dominate, says Bunnefeld,
and social science and psychology have often been
ignored in the past, when human–wildlife conflicts arise.
But biodiversity also requires diverse people and diverse
opinions. Human beings are complex and solving
problems can be very tricky. For example, growing
chillies at the edge of a farm will put off any elephants
sniffing around, but if you don’t get people to

science scotland

Issue 21 page 28

collaborate, this could result in driving the elephants
onto someone else’s land. Similarly, scaring geese from
one place to another is not a solution. When underlying
fears and myths – whether they’re concerned with
people’s attitudes or with wildlife – are also brought into
the argument; that makes it even more tricky.
Describing himself as “opportunistic” when it comes
to the species he studies, Bunnefeld is interested in
studying how people come together to manage all the
different sorts of species which move across borders
(everything that flies, swims or walks between different
locations). Having written his PhD Thesis on grouse
and done lots of research on carnivores and geese, he
also has his sights on moose, lynx and bears, and
studying “cross-border” movements in Scandinavia
and Africa – and beyond.
Bunnefeld is delighted to see his “dream project”
come true – the funding he needs for his “serious”
games. The hope is that the games will be a “win–win”
situation for everyone involved, but Bunnefeld also has
a warning for researchers: “International collaboration
and closing the research–policy gap is essential in such
interdisciplinary projects,” he says, “and to protect the
biodiversity of the planet, we need to work together
more.” In other words, just like the wildlife they study,
environmental researchers should not be restricted by
national borders.

Human–wildlife Conflict
Photo: istockphoto.com

Co-existence
versus conflict
One of the many challenges in managing
“human–wildlife conflict” is the very description
itself. Is it a battle between human beings and
wildlife, or a problem that is fundamentally
between people, including conservationists,
policy makers, landowners, fishermen, hunters
and farmers? And should we persist in calling
them “conflicts” at all? Should we not be talking
about co-existence rather than conflict?
After more than 30 years studying hen harriers and the
conflict between those who want to protect them and
those who want to kill them because of the impact they
have on grouse shooting, Professor Steve Redpath,
the Chair of Conservation Science at the University of
Aberdeen, is looking much further afield. Currently
spending a year in Sweden as the King Carl XVI Gustaf
Professor in Environmental Science, Redpath is also
beginning to focus much more on “how to design
effective strategies for managing conflict,” informed by
his experience and knowledge of ecology. And he also
questions the language we use to describe these very
complex and difficult “conflicts.”

“So-called ‘human–wildlife conflicts’ are really conflicts
between people over wildlife,” says Redpath. “There are
two main dimensions – the interactions between the
wildlife and the people, and the conflict between
different groups of people. Yet, just because a species has
an impact on human lives or livelihoods, does not mean
there is conflict. In many places all around the world,
people co-exist with wildlife, even when the wildlife may
cause lots of damage.” The conflicts generally arise, he
explains, between people with very different values
about wildlife and land use.
For Redpath, “conflict resolution” is no longer the
primary issue. Twenty-five years ago, when he had his
first experience of wildlife conflict on grouse moors, he
thought that if we just understood the ecology we could
find a resolution to the problem. Nowadays, he recognises
that it is almost impossible to resolve conflicts over values.
“We need to acknowledge the persistent nature of these
issues and move from seeking win–win solutions to setting
up processes to manage the conflicts in the long run and
minimise their destructive effects,” he says. “Conflict
management will benefit from dialogue, not necessarily
to reach consensus, but to recognise and appreciate other
legitimate world views and explore the trade-offs.”
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The Sweden
connection
Professor Steve Redpath is the
current King Carl XVI Gustaf
Professor in Environmental Science
– an appointment by the Royal
Swedish Academy of Sciences,
supported by a fund set up in 1996
“to promote research, technological
development and enterprise that
contributes to the sustainable use
of natural resources and the
maintenance of biodiversity,”
including annual grants to 15–20
young researchers.
“Sweden invests more than the UK
or Scotland in conflict management,”
says Redpath, “but they are also keen
to learn how we approach these
damaging issues.”

Professor Steve Redpath

New conflict
research group
Amidst the growing interest in
human–wildlife conflicts, researchers
from the Universities of Aberdeen,
Stirling and Edinburgh are teaming up
with institutes across Scotland,
including the James Hutton Institute
and the Centre for Ecology &
Hydrology, to form the Conservation
Conflict Research Group. According
to Professor Steve Redpath, “The aim
is to learn from each other, share ideas
and develop papers and proposals.
We also hope to include policy makers
in the network and any other
interested researchers.”
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In Redpath's view, “Robust ecology will always contribute a lot to
our understanding of these issues, by helping us explore the impact
of predators on their prey, for example. But because these conflicts
are fundamentally social, we also need insights from psychology,
political science and other social sciences to help us understand
that human dimension.”
However, adds Redpath, we have to go further than that: “Even if
the research is world class, stakeholders and policy makers may
ignore or dismiss it for various reasons. At the same time, scientists
sometimes ignore valid local knowledge. So, we need to build better
links between the research and the stakeholders and policy makers,
to ensure the science is more relevant and that it is taken seriously.
If we can co-produce our knowledge and people have ownership of
it, then we are more likely to develop a shared understanding of the
problems and be more effective in how our science is used.”
As a result of his experience over the years, Redpath and his group
now focus on “gaining understanding across different study systems
across the world,” from snow leopards in the Himalayas to geese in
Sweden, to large carnivores in Namibia and raptors in the UK.
“We need to learn the lessons from the rich diversity of conflicts
that have been studied, so that we can understand what works in
different contexts, and help design effective strategies to cope with
the conflicts,” he says.
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we need investment in
conflict management,
to bring different
parties together, and
not wait until the
conflicts have exploded

As well as studying various species in countries all over
the world, Redpath also confesses that he still has
“a soft spot” for hen harriers: “This is the species that drew
me into this world of conflict research in the first place.
I spent many wonderful years studying harriers and the
equally charismatic red grouse. Yet despite all that
research, the conflict is becoming increasingly polarised,
amidst continued illegal killing.”
Redpath is still optimistic, however, that science can help
find a way forward that eliminates the need for illegal
killing, whilst still allowing driven grouse shooting to
continue – in other words, that hen harriers and driven
shooting can coexist.

Conflict management
One example cited by Redpath highlights what can be
achieved – a project in the Moray Firth which was the
subject of a study by Dr Juliette Young, a biodiversity policy
researcher at the Centre for Ecology and Hydrology.
After the Scottish Government introduced a conservation
order to protect the seal population, local fishermen
complained about the impact on salmon. After some
discussion, the Moray Firth Seal Management Plan
(MFSMP) was developed, focusing on the need to balance
seal and salmon conservation, by getting all the relevant
stakeholders together, including conservationists and
fishermen, to agree on a management plan for the conflict.

“The plan has been very effective,” says Redpath,
“and other species would benefit from similar adaptive
co-management plans.”
Redpath also sees continued investment in such long-term
processes as vital to ensure long-term sustainability – as
part of a more inclusive and proactive approach. “These
value conflicts cannot be resolved, but can be effectively
managed,” he says. “That's why we need investment in
conflict management, to bring different parties together,
and not wait until the conflicts have exploded. And as part
of this we need to design effective institutions to support
that and we need the political will to manage the conflicts.”
“Human–wildlife conflicts damage people as well as the
wildlife,” says Redpath, who is also turning his attention
now to species such as wolves and bears – the larger
carnivores which sometimes make the headlines in
various regions of Europe, especially when they attack
human beings.
Redpath has dedicated much of his career to
“human–wildlife conflicts,” but even though he questions
the terminology used to describe them and whether or not
we can ever resolve them completely, he knows there will
always be conflicts of one kind or another – whether the
headline is “man bites dog” or “bear kills tourist.”
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Marine Science: Viewpoint

Harmful algal blooms:
a global solution

by Professor Keith Davidson, Associate Director,
Scottish Association for Marine Science (SAMS)
Phytoplankton are free-floating plants found in
marine and freshwater ecosystems that, through their
photosynthetic growth, form the base of the aquatic
food chain. These microscopic algae also play a major
role in global biogeochemical processes, being responsible
for about 50% of the photosynthetic activity on
the planet. There are many thousands of different
species of phytoplankton and a small subset of these
may be harmful to human health, or to human use of
the ecosystem. The organisms that cause harm are now
widely referred to as ‘harmful algae’ and the term ‘harmful
algal bloom’ (HAB) is commonly used to describe their
occurrence and effects.
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There is a common misperception that all HABs are
causally linked to elevated nutrient concentrations
with an anthropogenic origin. Given sufficient nutrients,
phytoplankton can indeed grow rapidly and, in some
locations as discussed below, elevated abundance is
an indicator of eutrophication (excessive richness of
nutrients in water, often due to run-off from the land).
However, both worldwide and in Scottish waters,
most HABs are natural events that are spatially and
temporally variable.

Karenia bloom

Globally, HAB events are perceived to be increasing
in frequency and seriousness, with a recent example
being the Pseudochattonella bloom in Chile in 2016,
which killed 39 million farmed salmon with a value of
US$800 million. In Scottish waters, risk from HABs is
two-fold and can be broadly categorised as being related
to either “high-” or “low”-abundance species. The former
impact fish farms, primarily through dense blooms of
the ichthyotoxic dinoflagellate Karenia mikimotoi, or
various spiny diatoms such as the genus Chaetoceros,
which can cause damage to gills. Human health is
threatened by the typically low-abundance shellfish
biotoxin-producing genera that are ingested by
filter-feeding shellfish. Important genera in
Scottish waters are Alexandrium, Dinophysis and
Pseudo-nitzschia. The toxins become concentrated
within the shellfish flesh, reaching levels that can
harm consumers.
Whilst regulatory monitoring of shellfish species and
their toxins safeguards human health (at least in
Europe), it does not provide early warning of future
HAB events and is not relevant to fish-killing species.
With the global demand for protein from the sea and
the associated rapid increase in aquaculture in the UK
and abroad, assessment of the timing, location and
magnitude of HABs over a time scale of 1–2 weeks is
potentially of great value to industry. Such information
allows remedial action, such as early or delayed
harvesting, moving of fish cages, deployment of physical
or bubble curtains around farms or other methods
of mitigation.

Achieving such early warning is far from straightforward,
as key HAB genera or species exhibit different life cycles
and potentially variable toxicity. Variability in local or
regional oceanography or hydrography is also critical to
bloom location and timing. Expert interpretation of
multiple data streams, including phytoplankton and
associated environmental drivers, is therefore required
to assess the risk of HABS and forecast their occurrence.
The EU FP7 project Asimuth (2010–2013) provided
the platform for the first HAB early warning system in
Europe. Building on these foundations, SAMS now
operates a HAB early warning system for aquaculture
via the web site WWW.HABreports.org. This provides a
searchable map of current and historic HAB conditions
Scotland-wide, with the option to download a detailed
weekly HAB assessment for the aquaculture-intensive
region of the Shetland Islands.
Improvements to forecasts are ongoing, as we gain a
better understanding of the ecology of the HAB species.
These will be further enhanced by the application of a
range of new technologies, including improved remote
sensing algorithms, remote underwater vehicles such
as gliders, molecular biological approaches to identify
morphologically indistinct species, in situ phytoplankton
counters and the better physical/biological coupling of
mathematical models.
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Given the vital role of
phytoplankton in marine
ecosystems, their importance
has been recognised by their
inclusion in regulatory
frameworks such as
the European Water
Framework Directive
and the Marine Strategy
Framework Directive, as an
indicator of ecological status

Professor Keith Davidson

Given the vital role of phytoplankton in marine
ecosystems, their importance has been recognised by
their inclusion in regulatory frameworks such as the
European Water Framework Directive and the Marine
Strategy Framework Directive, as an indicator of ecological
status. Quantitative techniques are therefore required to
assess the environmental status of the phytoplankton
in a water body. One such index is the microplankton
index PI(mp), based on the relative abundance of
different phytoplankton “life-forms”, which was developed
by Professor Paul Tett of SAMS. Funded by the RSE
(the Royal Society of Edinburgh), we have recently
collaborated with Professor Kedong Yin of Sun Yat Sen
University in China to use the PI(mp) to evaluate the
health of the phytoplankton community in Tolo Harbour,
Hong Kong. This is a large bottlenecked bay which has
long been used as an example of the link between
anthropogenic nutrients and HABs.

impacted the biodiversity of the phytoplankton
community at two sites, in the inner and the outer regions
of Tolo Harbour. We found marked differences in the rate
of change in the balance of organisms at the two sites,
but they both eventually reached a similar, presumed
healthier, final state, providing confidence that the large
water-treatment investment has paid dividends.
Given the similarity of HAB issues in different regions
globally, their study requires international cooperation
to achieve a coordinated approach. This has led to the
development of the IOC/SCOR GlobalHAB initiative 1.
This 10-year programme, which held its first steering
committee meeting at SAMS in 2016, seeks to understand
the ecological and oceanographic controls on HABs
and to promote research that minimises the harm from
HABs to human society in a rapidly changing world.
1

Tolo Harbour water quality was seriously impacted during
the 1980s and 1990s, following a rapid population
increase and associated nutrient run-off. In response to
this heavy eutrophication, the Tolo Harbour Action Plan
was completed in 1998, reducing anthropogenic nutrient
pollution in the area. However, the quantitative impact
of this remedial action on the phytoplankton community
has not previously been evaluated. We therefore applied
the PI(mp) to the 23-year time series (1991–2013)
to evaluate how the reduction in nutrient loading has
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Berdalet E., Kudela R., Urban E., Enevoldsen H.,
Banas N.S., Bresnan E., Burford M., Davidson K.,
Gobler C.J., Karlson B., Lim P.T., Mackenzie L.,
Montresor M., Trainer V.L., Usup G., Yin K. (2017)
GlobalHAB: New Program to Promote International
Research, Observations, and Modeling of Harmful Algal
Blooms in Aquatic Systems. Oceanography 30:70-81.

Marine Science: Viewpoint

by Professor Andrew Brierley, School of Biology,
University of St Andrews
Scotland is a maritime nation with a long and complex
coastline: at 18,000km it is longer than Antarctica’s,
despite the fact that Scotland is 175 times smaller
than the Great White Continent. Scotland’s coastline
harbours a rich array of habitats and species, including
tidal mudflats that are important feeding grounds for
migratory birds, seagrass meadows that shelter juvenile
fish, and beds of coral-like maerl. It also offers valuable
opportunities for aquaculture and tourism. Beyond the
coast, Scotland has a diverse seascape containing an
abundance of commercially- and ecologically-important
fish, and internationally-important seal and bird
populations. The marine zone is also important for
oil and gas supply, and for wind- and tidal-power
generation. The multitude of demands placed on
Scotland’s seas makes for a challenging and complex
management task that must be underpinned by science,
and Scotland has a vibrant marine science community
that is coalesced as MASTS (the Marine Alliance
for Science and Technology for Scotland,
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The
jellyfish
index
http://www.masts.ac.uk), an internationally-recognised
body that includes the majority of Scotland’s marine
science capacity.
The work of my research group at the University of
St Andrews on jellyfish, some of which has been
MASTS-funded, illustrates some of the ecological and
commercial interactions at play in Scotland’s seas.
I moved to St Andrews from the British Antarctic
Survey, where I had worked on stock assessment of
Antarctic krill. Concern about increasing abundance of
‘jelly-like’ salps in the Southern Ocean to the detriment
of krill, and a need to be able to survey salps, led to my
involvement in acoustic surveys for jellyfish off Namibia,
where massive blooms were being reported following the
crash of fish stocks. In 2003, working with Chris Lynam
(one of my first PhD students at St Andrews), I found
that there were more jellyfish than fish off Namibia.
This international collaborative work provided the first
evidence to support the prediction by Daniel Pauly,
perhaps the world’s most eminent fisheries scientist, that
the end-point of overfishing would be “the rise of slime.”
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‘Problems’ related to
jellyfish are being
encountered around
the world and we
are collaborating
globally, including a
project jointly funded
by the RSE and the
National Natural Science
Foundation of China

As scientists based in the Gatty Marine Lab, which is
virtually on the beach, we wanted to explore variability
in jellyfish abundance on our doorstep and to set it
in an historic context for the heavily-fished North Sea.
Fortuitously, colleagues at the Marine Laboratory,
Aberdeen, had recorded the numbers of jellyfish caught
during net surveys for fish through the 1970s and ’80s.
These data showed that abundance of Moon jellyfish
(Aurelia aurita) and lion’s mane jellyfish (Cyanea
capillata) had varied markedly from year to year. Analysis
of possible environmental drivers revealed that elevated
jellyfish abundance was preceded by cold winters, and
meticulous laboratory work by a more recent PhD
student, Chad Widmer, has exposed the mechanistic
cause: the benthic stage of the jellyfish lifecycle requires
a cold snap to promote reproduction, so the mass
strandings of jellyfish on Scotland’s beaches are,
surprisingly, the product of cold winters rather than
warm summers.
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Inspired by Daniel Pauly, we also set out to investigate
potential interactions in the North Sea between jellyfish
and fish, and discovered a multidirectional ecological
interaction between jellyfish, herring and whiting.
Jellyfish are predators of herring eggs and larvae, and
herring recruitment is reduced in years when jellyfish
are more abundant. Juvenile whiting, by contrast, gain
protection amongst the tentacles of jellyfish umbrellas,
so elevated jellyfish abundance is beneficial for whiting
recruitment. Since whiting are voracious predators of
juvenile herring, there is a two-pronged jellyfish-mediated
assault on herring. This interaction has been incorporated
by government fisheries scientists into an ecosystem
model of the North Sea, and has improved the ability to
predict interannual variability in herring stocks. Fisheries
management globally has progressed in recent years from
an approach based on consideration of single species in
isolation to an ‘ecosystem approach’ which considers
interactions between species, and it has been rewarding
to see the impact that our research has had on this.

Figure 1. A bloom of Moon jellyfish (in yellow) off Torness nuclear power station in June 2011 detected (retrospectively in this case)
by satellite. Image courtesy of Angus Bloomfield and EDF Energy and Satellite Application Catapult Ltd.

Farmed salmon are also at risk from jellyfish. Salmon
aquaculture produces one of Scotland’s major exports,
and salmon health is an economically important concern.
Fish older than the smolt stage are reared in pens open
to the sea, and so are exposed to noxious plankton,
including jellyfish. There have been high-profile mass
mortalities of salmon due to skin lesions and gill damage
caused by the mauve stinger Pelagea noctiluca, a species
common in the Mediterranean and the Bay of Biscay
which arrives periodically in large numbers in UK waters
when currents carry them north. Salmon are also under
threat from much smaller gelatinous plankton that are
ephemeral, virtually transparent and very difficult to
sample. Environmental DNA techniques offer the potential
to identify these noxious agents and, hopefully, to make
progress towards a jellyfish risk forecast which would help
to mitigate this threat.
Jellyfish also present a threat to power stations, because
en masse they can block cooling-water intakes, requiring
generation to be stopped. Torness nuclear power station on
the Firth of Forth has suffered millions of pounds of lost
electricity production due to blooms of Moon jellyfish, and
innovative approaches to bloom prediction are required for
risk management. Blooms are patchy, but satellite remote

sensing offers some hope. Smart prediction may trump
heavy engineering because, paradoxically, building large
defensive walls to keep jellyfish out may provide more
habitat for benthic stages, and hence larger jellyfish
blooms.
‘Problems’ related to jellyfish are being encountered
around the world and we are collaborating globally,
including a project jointly funded by the RSE and the
National Natural Science Foundation of China. For
example, we have had exchanges with scientists in
Qingdao, and have visited Dalian, where we also joined
a network with South Korean jellyfish researchers, and
have seen how colleagues in China are attempting to
tackle ‘invasions’ of the giant Nemopilema nomurai and
how they have brought salmon farming operations on to
land to avoid noxious agents in the sea. Forward-looking
Scottish salmon farmers are considering solutions to take
their fish out of the open sea to avoid the ravages of sea lice.
These solutions include floating fish pods being developed
in Norway that may also bring protection from jellyfish.
International collaborations have been critical to
our research, since science – like jellyfish research –
transcends international borders.
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Soil Bacteria
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Mud, glorious mud
The earth beneath our feet has taken billions of
years to evolve, but this most precious resource
will have to be managed if we want life on Earth
to survive. Scientists today are using new
DNA sequencing methods to understand the
composition of microbial communities in the soil
– not just to save billions of dollars and reduce
atmospheric and water pollution, but also to
ensure the soil continues to feed us in future...
“Nothing endures but the land,” said Chris Guthrie in
the well-known Scottish novel Sunset Song, set in the
countryside near Aberdeen. William Blake saw “a world
in a grain of sand.” But even though Chris had a sense
of history and Blake was a visionary poet, they could not
see that inside every single gram of soil there are billions
of bacteria that first colonised the Earth about four
billion years before humans appeared. And according
to Professor Jim Prosser, Chair in Environmental
Microbiology at the School of Biological Sciences in the
University of Aberdeen, a gram of soil also contains up
to a million different species of bacteria – plus many
other microbes which scientists have only discovered
in the last two decades.
Prosser’s research focuses on nitrification, studying
how soil-nitrifying bacteria and archaea break down
ammonia to nitrate – a process which results in
enormous economic losses of ammonia-based fertilisers
and production of greenhouse gases. His aim is to
“understand, predict and manipulate the factors that
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determine the composition of the nitrifier community
and its impact on function,” or in other words what
helps the soil do its business. This involves “looking at
the ecology of soil-nitrifying bacteria and archaea” and
“designing strategies to reduce their activity and thereby
optimise the efficiency of fertiliser use.” This requires
analysis of samples of soil using the latest genetic
sequencing techniques to understand how conditions
affect nitrifiers and promote or inhibit crop growth,
so farmers can decide what types of ammonia-based
fertilisers work best in specific conditions, depending
on the types of nitrifiers in the soil.
To paraphrase one of Prosser's colleagues, describing the
relative importance of this branch of science: “If the last
nitrifier was gasping for air on the beach, it would be
catastrophic for the planet and much more significant
than the extinction of the panda.” And he could have
added that the panda and most other species on Earth
would be wiped out soon after the last nitrifier, because
it is such an integral part of the food chain.
To explain why all this matters, Prosser begins by
describing the amazing complexity and diversity of the
soil – one gram of which contains as many bacteria as
human beings on the planet, distributed in similar
patterns, with clusters of bacteria in 'hot spots' like
people in cities, and colonising roots that leak nutrients
in the same way that villages develop along rivers and
railway lines. There are also thousands of structurally
complex micro-environments in every gram of soil,
with pores and tunnels only 10 microns wide.

Gene
genius
Professor Jim Prosser OBE FRS FRSE

The mass of the bacteria is also important, says Prosser. In one acre of typical
farmland, the mass of the bacteria is equivalent to roughly 15 sheep. Sheep
obviously have a major impact on the environment (e.g., urinating on their
favourite patches of land, creating hot spots of ammonia, fuelling nitrifiers and
increasing production of the greenhouse gas nitrous oxide), but the bacteria are
overlooked because they can't be seen.
Diversity is also a critical factor, while bacteria also evolve very quickly – if they
perform different functions, they tend to survive, whereas if they are competing
to perform the same function, weaker specimens tend to die off. The distribution
of bacteria is also similar to humans on Earth, and the chances of meeting a
“competitor” are roughly the same – such as Vikings meeting Samurai. And
according to Prosser, bacteria develop their genetic differences faster than humans.
Prosser also explains that using the word “species” for bacteria is controversial, since
the traditional definition states that members of a species can reproduce sexually
with each other, but not (or only very infrequently) with members of other species.
Although bacteria do reproduce sexually – a chromosome divides before cell
division, with daughter chromosomes segregating between the two daughter cells –
genetic variability arises through mutations and, importantly, through transfer of
genes through virus infection or by exchanging plasmids (a common mechanism for
the spread of antibiotic resistance). Consequently, there are huge variations within
the same species – for example, E. coli comes in a number of flavours, with different
members of the species containing different genes performing different functions.
The different members of a ‘species’ have a core of genes common to all, a ‘shell’
of genes common to some but not all, and a large ‘cloud’ of genes present in just a
few variants. The functions of these ‘cloud’ genes can be critical for behaviour,
pathogenicity and ecology and may give a particular variant or strain unique
characteristics, which make a strain useful in the quest to solve functional problems
such as boosting production or improving resistance to certain diseases.
“There are also orders of magnitude more diversity in bacteria than any other
species,” says Prosser. Ten grams of a typical ‘garden’ soil will contain a million
different traditional ‘species,’ whilst a few metres away the bacterial community may
be very different. Communities in soil from a hundred metres further away will be
even more different – even though, on the surface, we see nothing different.
So why does diversity matter? The composition of the soil bacterial communities
is very complex and varies dramatically in different locations, but the ability of
microbes to perform different functions is vital to the health of the planet. A single
gram of soil will contain bacterial species capable of breaking down the majority
of naturally-occurring compounds and, in total, the soil bacterial community can
degrade all but a few man-made compounds. If the bacteria could not degrade
them, we would be up to our necks in these compounds, says Prosser, pointing out
that increasing awareness of the global accumulation of plastics shows what can
happen when non-degradable compounds are mass-produced. Soil is also a vast
reservoir of bacteria with potentially useful characteristics, including the production
of powerful antibiotics, partly because they need them to defend themselves against
other organisms.

The polymerase chain reaction
(PCR) is a technique used
throughout molecular biology to
amplify a single copy of a segment
of DNA (deoxyribonucleic acid)
across several orders of magnitude,
generating thousands to millions
of copies of a particular DNA
sequence.
To study the microbial diversity
of soil, researchers first extract and
purify ‘total’ DNA from the soil.
Using PCR, they then amplify a
gene called 16S ribosomal RNA
that is found in all bacteria and
archaea (or 18S ribosomal RNA
that is found in plants and
animals). To target the group of
organisms they are interested in,
they use specific primers – two
short pieces of DNA – that match
sequences at the beginning and
end of a region of this gene and
that are found only in the target
group. Enzymes then make
thousands or millions of copies,
and the copies are sequenced to
identify the different members
of the target group present in
the sample.
Recent advances in the sequencing
of environmental DNA and RNA
have significantly decreased
sequencing costs and enable
rapid analysis of soil microbial
communities and the assembly of
“population genomes” from soil
DNA, providing more and more
information on the potential
of the organisms present to
perform different functions.
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One revolution after another
Over the last 25 years, Prosser has experienced at least two
revolutions – and expects more in the future. The first
revolution was caused by the emergence of new sequencing
technology in the early 1990s, which made it possible to
analyse hundreds of thousands of species rather than just a
few dozen, without the need to grow organisms in the lab.
Until this technological breakthrough, microbiologists had
studied the soil by characterising the bacteria or “isolates” they
could grow in the laboratory, but sequencing eliminates the
requirement for lab growth and greatly increases the speed,
cost and precision of identification. This has led to the
discovery of countless new species of bacteria they never
knew existed before.
In the laboratory, bacteria were grown under “unnatural”
conditions that biased the outcome, so research would focus
on what Prosser calls “domesticated bacteria” rather than on
the natural community. Prosser compares this to scientists
basing their understanding of bird ecology on the study of
domesticated birds (e.g., budgies and parrots), then suddenly
discovering the vast diversity of birds outside, in nature.
The method used by Prosser to study what lives in the soil
involves a technique called PCR, or polymerase chain reaction
(see sidebar) – which helps identify the individual species
by amplifying genes from DNA extracted directly from
environmental samples, rather than relying on bacterial
growth in the lab.
“There were some groupings of bacteria we thought we knew
a lot about,” says Prosser, “and suddenly we discovered vast,
unexpected diversity within these groups and new sub-groupings.
In addition, we discovered that 40–60% of bacteria in a
typical garden soil belonged to high-level groupings that had
not been cultivated in the lab before. There was much more
out there we'd simply never seen before. For the first time,
we could study these hard-to-grow bacteria.”
According to Prosser, “until the 1980s, all our knowledge had
been based on what we had grown in the lab,” but now
researchers attempt to sequence all the genes in a sample to
profile all the individual ‘species’ – like identifying millions
of products by reading their barcodes.
Thanks to these new methods, Prosser and his colleagues
have discovered more diversity than anyone has seen before –
instead of finding 20 or 30 species (a typical result when the
bacteria were grown in the lab), they have discovered
science scotland
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hundreds of thousands of species, all different. “All our
theories until then were based on our knowledge of
domesticated species,” says Prosser.

Enter the archaea
The second revolution for Prosser was the discovery that
archaea took part in the nitrification process and were
therefore much more important than scientists used to believe
– and could provide the key to understanding more about
soil than they’d ever expected. Archaea were thought to be
“extremophiles” – organisms that like to live in environments
that seem particularly harsh to us, such as thermal springs or
very low-pH (acidic) soils, or even environments without any
oxygen. In evolutionary terms, plants and animals, including
humans, are now thought to be a group within these archaea.
For many decades, microbiologists happily studied bacteria
and divided the world into three main domains: plants,
animals and bacteria. In the 1980s, however, this theory
was turned upside down, with the discovery of a new class
of microbes called archaea, while plants and animals were
placed in a single group, the eukaryotes.
Prior to this, archaea were regarded as a sub-set of bacteria,
but we now know that they make up 4–5% of the
micro-organisms present in soil and 40% of the microbes
in oceans. New evidence also means that archaea are now
defined as a domain of their own, with bacteria defined
as the second domain.
Despite the way different domains are defined, every living
organism shares some genes, including ribosomal RNA. And
Prosser and his scientific colleagues have finally been able to
understand what’s really happening under our feet by using
regions of DNA, the ribosomal rRNA gene, to fingerprint
species – and discover the important role played by archaea
in soil nitrification. Archaea are hard to grow in the lab, but
sequencing has revealed what was “invisible” before.
When archaea started to take centre stage, thanks to these
innovative sequencing methods, some scientists found their
world turned upside down, but Prosser and his colleagues
have embraced the new discovery – and gone on to make
further discoveries.

The wonders of nitrification
“We study the specific micro-organisms that control
nitrification,” says Prosser. “One of our aims is to understand
how they break down ammonia-based fertilisers in the soil,
forming nitrite which in turn is converted to nitrate, which
is then lost (often more than 50%) from the soil by leaching.
This reduces the efficiency of fertilisers, added to promote
growth of crops, and also creates by-products that lead to air
(nitrous oxide) and water (nitrate) pollution – the price paid
for our fast-expanding appetite for food. If farmers could
control the process better, then crops would be healthier and
the environment would not be damaged so much. Current
estimates suggest that inefficient use of fertiliser leads to
“tens of billions of dollars” of losses worldwide, and
ammonia-based fertilisers are increasingly used, with
China fast becoming the biggest consumer.

In general, science progresses fastest when it is
driven by important scientific questions aimed
at understanding natural phenomena
When some ammonia-based fertilisers are added to some
soils, says Prosser, nitrification starts almost immediately –
these soils are dominated by specific types of ammonia
oxidisers that tolerate high concentrations of ammonia.
In other cases, nitrification may be delayed for more than
a week, because these soils are dominated by ammonia
oxidisers that are sensitive to high ammonia. These delays
keep ammonia in the soil for longer, keeping it available
for crop growth and increasing fertiliser use efficiency,
but when the process is faster, ammonia is converted into
nitrates that are washed away when it rains, reducing
efficiency, or converted by other microorganisms to nitrogen
or nitrous oxide, causing atmospheric pollution. These
findings have required the use of molecular techniques, and
sequencing of nitrifier genes, to characterise the nitrifier
communities in the soil and predict the local conditions and
communities that will influence fertiliser losses. “We’ve been
able to show the links between the groupings of bacteria, the
physiology of the microorganisms and rates of fertiliser loss,”
says Prosser.
One of the topics that Prosser has focused on in recent
years is “the paradox of nitrification in acid soils.” This
is when nitrification occurs in soil which is particularly
acidic, even though the bacteria that are isolated from such
soils are not able to thrive in the laboratory under acidic
conditions.
This paradox has puzzled microbiologists for many years,
but Prosser and his team have been able to solve it, partly
thanks to using modern sequencing methods which arose
through another revolution in nitrification research. In
the past, it was believed that all ammonia oxidisers were
bacteria, but about 12 years ago an ammonia oxidiser was
isolated that was found to belong to the archaea. Prosser’s
group targeted a functional gene (a gene that enables an
organism to perform a specific function) that is required
by all ammonia oxidisers. The sequence of this functional
gene is different in bacteria and archaea, making it
possible to use molecular techniques to distinguish
communities of these two groups of ammonia oxidiser in
the soil. But when they analysed the ammonia oxidisers in
acidic soil, they discovered something quite unexpected –
it was archaea, not bacteria, that dominated nitrification.
Prosser compares the discovery of archaeal ammonia
oxidisers to ecologists studying birds (bacteria) and
thinking that they know everything about all the
organisms that can fly, then discovering insects (archaea).
Quite simply, the archaea thrive in low-pH conditions and
are good at oxidising the ammonia under these conditions.

To confirm these results, the researchers were able to
investigate soils that had been kept at a range of pHs from
reasonably acidic (pH 4.5) to slightly alkaline (pH 7.5) for
the past five decades at the nearby SRUC (Scotland’s
Rural University College) site, and were able to isolate an
archaeal ammonia oxidiser that was able to grow in the lab
under acidic conditions. They also found that sequences
of the archaeal ammonia oxidiser functional gene in this
organism were distributed in acidic soils all over the world,
and were not just a strange phenomenon in Scottish soil.
“These archaea therefore provide at least one solution to
the paradox of nitrification in acid soils,” says Prosser,
“but we must remember the surprises that we’ve had in the
past and should not assume that this is the only solution.”
Another important finding, with relevance to agriculture
and crop growth, emerged from recent research on the
response of archaeal and bacterial ammonia oxidisers to
different types of fertiliser. There is increasing evidence
that archaea dominate when ammonia is released slowly,
from slow-release fertilisers or from natural soil processes,
while bacteria dominate when high concentrations of
inorganic fertiliser are added. In other words, one size does
not fit all, and the type of fertiliser that should be used
depends on which ammonia oxidisers are present in the
soil. This suggests that the type of fertiliser used should be
matched with the soil nitrifier community, both to benefit
crop growth and to reduce nitrous oxide production,
requiring more information on local soil microbial
communities.
“In general, science progresses fastest when it is driven
by important scientific questions aimed at understanding
natural phenomena,” Prosser continues, “because
questions encourage us to look for answers, rather than
trying to fit answers to data after the data have been
obtained, and after they have already biased our thinking.”
Prosser also quotes the scientist who said, “The problem with
molecular biology is that it eliminates the need for thought.”
In other words, it's easy to get sucked into “stamp collecting”
– sequencing genes for its own sake and surveying
communities as an end in itself – rather than thinking about
which questions are important, what are the important gaps
in understanding and what are the mechanisms that drive
the interactions between microbes and their environment.
There are still many phenomena that soil microbial ecologists
cannot explain, but the next time you sit down to dinner,
remember that bacteria and archaea are much more
important than the chef who prepared it.
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Peatlands

Peatlands:
the long-term
perspective
Anyone who's ever gone walking in Scotland will
have come across peatlands (and probably also got
stuck in a bog), but even though “our most iconic
views are framed by peatland habitats,” how many
people know about the critical role of the peatlands
in filtering water and soaking up carbon dioxide
emissions? In the fight to mitigate the worst effects
of climate change and decades of neglect, scientists
in Scotland are studying peatlands from every
possible angle – including the airspace above them
– to help them to deliver their environmental
benefits into the future...
“Much of our peatland is in poor condition and requires
suitable management and, in many areas, restoration,”
Scotland’s first National Peatland Plan (published in
2015) says at the start. Later on, the report states:
“The loss of soil organic matter is one of the key threats
to ecosystems, with climate change as a major driver.”
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The Plan sets out proposals for the “sustainable use,
protection, management and restoration” of peatlands,
as well as greater public engagement and “a new focus
on positive management, supported by evidence and
research.” It also seeks to encourage partnerships
between private landowners, industry, public bodies and
environmental NGOs, plus international collaboration –
e.g., to meet the Aichi 1 biodiversity target of restoring
at least 15% of degraded ecosystems by 2020.
Faced with these daunting challenges and long-term
objectives, scientists in Scotland have been “trying to
develop new decision-making tools over the last 10 years”
to help the Government, and everyone else with an
interest in peatlands, learn about the current state of
Scottish peatlands and work out the best ways to manage
and restore these important resources.
1 The Aichi Plan sets out global targets for biodiversity,
and was updated at a meeting in Nagoya, Japan in 2010.

According to Dr Rebekka Artz of the James Hutton Institute, the key
questions are to identify what can be done, and when and where to
do it. We know a lot about the general state of the peatlands, but
not about current conditions. “Our estimates are based largely on
designated sites, which were generally in a better condition to start
with,” says Artz, “so we are generally in the dark when it comes to
pointing out exactly where the damaged sites are. In particular, we
are lacking spatial information to allow us to locate where peatland
drainage has taken place and exactly how badly eroded our upland
peatlands are.”
In recent years, however, more detailed information has been
gathered, not just to diagnose the problems and decide where
restoration is a viable option, but also to decide where investment will
add the most value. Monitoring current conditions, and assessing the
success of restoration projects, has a key role to play, on the ground
and from above (planes, drones and satellites), as long as there is
funding available over the long term.
“Where will restoration be successful in future?” asks Artz. And even
if the water table is raised and the vegetation starts to recover, is the
project future-proof? How much will it contribute to reducing global
greenhouse-gas emissions, thus combatting climate change?
The Chair of the James Hutton Institute’s Board, Professor James
Curran, recently said that every £1 spent by the JHI “generates £12
of value-added elsewhere in the economy,” but when it comes to
peatlands, the benefits can be much harder to measure. Government
funding for peatlands has increased to about £10 million today
(including £8 million for restoration through the Peatland Action
project this year), but peatlands are a challenge which needs long-term
funding to generate visible outcomes. An estimated 35,000 hectares
of peatlands have been restored since 1990, largely thanks to recent
government initiatives, but an estimated one million hectares has
been drained or degraded in the last 100 years, says Artz, based on
an analysis of historical data. This not only means that we have lost
a vital chunk of ecosystem, but have in the process also released a lot
of greenhouse gases stored in the peatlands for thousands of years.
And to underline the scale of the challenge, Scotland would need
to restore about 115,000 hectares by 2020, to meet the Aichi
biodiversity target.

Peatlands:
Basic Facts
> Peatlands cover more than
20% of Scotland’s land area –
a total of two million hectares.
> Scotland's peatlands are
also our largest terrestrial
carbon store, holding about
1.6 billion tonnes of carbon –
almost 25 times as much
carbon as all other plant life
in the UK, and the equivalent
to over 180 years of greenhouse
gas emissions from Scotland
at current emission rates.
> Worldwide, peatlands cover
about 400 million hectares
or 3% of the Earth, most of it
in the Northern Hemisphere –
storing about one third of the
carbon absorbed by the soil.
> Draining, burning and
degrading peatlands produces
the equivalent of 6–10%
of global carbon dioxide
emissions caused by burning
fossil fuels.
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The benefits
of peatlands
To some people, peatlands are
wastelands, but conservationists
are keen to stress the benefits
of one of Scotland's most
important natural assets:
> Ecosystem – as well as
storing carbon, peatlands
also absorb atmospheric
pollutants, including sulphur
dioxide, nitrogen and heavy
metals.
> Natural habitats for birds,
plants, fungi, invertebrates
and micro-organisms –
some very rare.
> Water supply – much of
our drinking water comes
from peatland areas, which
also filter the water.
> Flood management.
> Archaeology – the best
preserved human remains
are found in peatlands.
> Iconic tourist attractions
and inspirational landscapes.

Doing anything is better than nothing in
carbon terms, but the wider restoration benefits
may require a longer timeframe than the
human eye can easily perceive

Big data in the big picture
Data are critical in peatlands research as well as in cost-benefit analysis. Data are key
to looking at important features such as state of vegetation, as well as much more
complicated issues such as carbon emission rates (in degraded sites) or sequestration
rates (how much carbon dioxide intact peatlands absorb). This helps to prioritise
where work is needed and measure progress, and remote sensing greatly increases
the detail, adding to the much more patchy information gathered on the ground.
In recent years, the satellite data available has improved dramatically, increasing
from a scale of 500 metres per pixel (on NASA’s MODIS satellite) to roughly
10 metres per pixel today on the European Space Agency’s Sentinel satellite.
As well as providing much more fine-grain data, remote sensing can also validate
data already collected, or help look at areas where access is a problem.
Despite these technological advances, says Artz, remote sensing still has a long way to
go. There are well-established methods for looking at the “productivity” of peatland –
for example, modelling land surface temperature and vegetation indices of ‘greenness’
– but most of the off-the-shelf data have not been specifically parameterised for
peatland biomes. Carbon emissions or sequestration rates are much harder to model
at present, in part due to a lack of ground observation to validate models. In addition
to identifying where different peatlands (blanket bogs, fenlands and raised bogs)
exist, satellite-based modelling could potentially act as “early warning systems” for
the ecosystem, helping to predict how the landscape will change in the future.

> Fuel.
> Livestock grazing.
> Sport & recreation – deer
stalking, grouse shooting,
fishing, hill walking,
bird-watching.
> Education – outdoor
classrooms for history,
archaeology and science, etc.
> Whisky production –
dependent on peat for
drying malted barley.
> Harvestable products –
bog myrtle and berries, etc.

In Artz’s view, a major challenge for peatland researchers is the need to use long-term
satellite data combined with ground observations. Peatlands act as carbon sinks in some
years and as sources in others, so it's important to model what happens over the longer
term. We know that sequestering carbon dioxide outweighs the methane emissions
(more virulent than carbon dioxide) in the average year in intact sites, but to get a more
accurate picture, we need long-term data – and that requires long-term investment.
As well as helping to interpret the satellite data, Artz retains an interest in studying
the functions of microbiota in peatland ecosystems, including finding out if restoration
or regeneration of the surface vegetation will improve the microbial community
structure. The link between this work and carbon emissions from peatlands is the
function of bacteria and fungi in such environments. They represent the bottleneck
in the decomposition of newly-deposited litter, and in intact peatlands at least,
decomposition rates are outweighed by the addition of new plant material, allowing
peat to form in the long term. This means that the community structure of fungi (but
also of other decomposing microbiota) may be a useful indicator of ecosystem health.
Successful restoration of the peatlands needs the right vegetation and the right amount
of moisture. You also need to understand the process in detail. “Some projects fail
because the wider conditions at the time of the intervention are not right,” Artz
explains. “Sometimes, for example, the mulches placed to protect seed material on top
of bare peat dry up, blocked drains fail, or the plants don’t take hold. So you need to
know what makes that happen and when is the best time to start restoration.”
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Some peatlands are simply in a much worse starting
condition than others, she says, and we need to ask why
a particular area should be restored in the first place.
Is it primarily to help reduce emissions? “Doing
anything is better than nothing in carbon terms, but
the wider restoration benefits may require a longer
timeframe than the human eye can easily perceive,”
she adds.

Different perspectives
Scotland's peatlands are unique for a number of reasons,
says Artz, with “more than its fair share” of peatlands
than many other countries with a similar latitude,
mainly because of its maritime climate. “There is also
intriguing variation on a very small scale,” she explains,
with different peatlands thriving in their own
microclimates.

Artz’s colleague, plant ecologist Professor Rob Brooker,
points out that the peatlands in Scotland are not just
important for ecological reasons – for example, by
supporting so much wildlife – but also for cultural
reasons, providing inspirational landscapes for artists,
musicians and writers. “Many of the pictures used for
Scottish tourist promotions feature peatlands as part of
the image,” he adds, “even though they are not always
recognised as peatlands.” Peat is also an important fuel
traditionally used by Scotland’s crofting communities,
and well-managed peat banks contribute to biodiversity
by diversifying the landscape.
“The fact that damaged peatlands can also be responsible
for greenhouse gas emissions is also not very well
known,” Artz explains. “When peatlands are drained, the
ecosystem changes completely, so because we are now
more aware of the impact of drainage, it happens very
rarely today. But the historic damage has already been
done and such sites continue to lose large amounts of
carbon that arguably should be fixed instead.”

science scotland

Issue 21 page 45

Targets
The principal aim of the National
Peatland Plan is to protect, manage
and restore peatlands to maintain
their natural ecosystem functions,
biodiversity and benefits. It also sets
out a number of targets for the next
20 years:

By 2020
Improvements in the protection and
condition of peatlands – so they’re
valued more by everyone. More
people using peat-free composts.
More private funding for peatland
management and restoration, and
continued public funding. A network
of demonstration sites, a Peatland
Code supporting private funding,
and peatland management included
in national carbon accounting.
Protected areas “should be an
exemplar of good management
in rural Europe.”

By 2030
Peatlands in a healthy state, widely
regarded as resilient. Global
recognition of the benefits of
peatlands to society, reflected in the
level of support to manage them as
healthy ecosystems. Funding for
stewardship extended from public to
private sources. Peatlands viewed as
“essential to the nation’s wellbeing
and natural capital.”

2050 and beyond
Rewards of restoration work now
evident. The effects of climate change
will be more apparent, but peatlands
are coping. Restoration work
continues, generating income which
helps to maintain rural skills and
employment.
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As well as doing research to support restoration and
monitor current conditions, Artz and her colleagues are
sometimes brought in to comment on environmental
impact assessments – for example, giving their opinion
on the potential impact of wind farms which developers
propose to build on peatlands. Brooker explains that
they provide the underpinning science – and the
underpinning data – for these public inquiries; but even
with the benefits of satellites and other smart technology,
the data are a “moveable feast,” he continues, “because
they are the best estimates we can make with the
available data,” and these estimates will change with
advances in technology. “It’s always possible there may
be unexpected changes in our assessments in the future,”
he adds, “and one of the scientists’ main contributions is
to ask if the assumptions of developers and planners tally
with our latest thinking.”
Along with their JHI colleagues, Artz and Brooker also
get involved in public outreach. At one recent event,
they used several decades’-worth of aerial photographs,
including images taken by drones, to illustrate the
changes in the peatlands in 3D and over time, to
show the visual impact of a well known landscape-scale
peatland restoration project. “We got amazing feedback”
says Artz. “Sometimes, a fresh pair of eyes can see more
than the scientists see, because they are not trained to
look for the same kind of things.”
Planning restoration projects can be incredibly complex,
even when researchers have identified suitable peatlands.
It takes a lot of money to hire the machinery and train
the people required, and because there is never enough
cash to fund many projects at the same time over several
years, lots of “juggling” is needed to allocate funds at the
start of the year – and work out potential return on
investment.
“There are huge areas of valuable peatlands in Scotland
that could be restored, although access to these relatively
remote areas is sometimes a problem,” says Artz.
“Peatlands are slow-growing environments – fickle and
ever-changing. That’s why we’ve got to be in for the long
haul, and why we need long-term support.”
Since 2013, Peatland ACTION, led by Scottish Natural
Heritage, has started the restoration process on more
than 10,000 hectares of degraded peatlands. The
Scottish Government provided £8 million to spend
on continuing Scotland-wide peatland restoration in
2017–18.
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