The Biodiversity and Ecosystem Service Sustainability (BESS) programme was a 5year, £14M NERC/BBSRC Research Programme, funded under the umbrella of the
LWEC (Living With Environmental Change) partnership. It aimed to provide fundamental natural and socio-economic knowledge to inform sustainable management
of the natural environment, enabling decisions to be made with less uncertainty.
BESS was a national network of more than 150 researchers, comprising of large
teams working within consortia, a vibrant community of early-career researchers,
smaller research projects designed to fill evidence gaps, and workshops and working groups which tackled cross-cutting themes.

The consortia focused on four landscapes:
lowland agricultural landscapes (WESSEX);
coastal wetlands (CBESS);
upland rivers (DURESS);
urban landscapes (F3UES).
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BACKGROUND
The natural environment provides us with many benefits, also known as ecosystem services. These
services are divided into four groups: provisioning; regulating; supporting; and cultural. Some are
obvious, such as food to eat, trees for timber, or beautiful scenery. Others - clean water, flood protection and clean air - are less tangible but still essential for our well-being.
Natural environments contain assets, such as biodiversity, which allow natural systems to provide
ecosystem services. These assets are also known as natural capital. The processes occurring in natural environments resulting in the flow of ecosystem services from natural capital to society are ecosystem functions.
The supply of ecosystem services depends on natural environments and stocks of natural capital
remaining in good condition. Yet the ability of natural systems to provide ecosystem services is increasingly being threatened. Pressures include:


an increasing population;



demand for housing and infrastructure;



the need to feed a rapidly growing planet;



climate change.

The BESS programme was designed to research the flow of ecosystem services from stocks of natural capital, providing the evidence base needed for managing the natural environment in the face of
environmental change. Understanding how natural environments provide ecosystem services will
enable those responsible for managing our landscapes to make decisions about the inevitable trade
-offs between these services required to ensure a sustainable future.
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AIMS

BESS aimed to answer three questions:
How does biodiversity underpin the delivery of
different ecosystem services at different
landscape scales?

Are there critical levels of biodiversity required to
deliver different kinds of services in different
scenarios of change?

Can we develop novel tools and indicators to
track and measure biodiversity and ecosystem
services under these different scenarios?
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HEADLINE MESSAGES


Biodiversity underpins the delivery of many ecosystem services. Greater biodiversity leads to increased
ecosystem service provision for services such as flood control and pollination.



Whilst biodiversity is linked to ecosystem service provision, other factors such as the spatial
configuration of the landscape are also important in providing services.



Ecosystem service provision differs depending on spatial scale and landscape characteristics such as
connectivity. Whilst some services, including pollination and carbon storage, are provided by small areas
of natural habitat, others such as cultural services are more apparent at the landscape scale.



The biodiversity-ecosystem service relationship is not linear, there is evidence for critical levels of
biodiversity required to deliver different services, and thresholds after which the provision of services is

impacted.


The resilience of ecosystems to pressures such as climate change differs depending on factors such as
biodiversity and the availability of suitable habitats for species which provide key ecosystem functions.



Managing natural environments requires consideration of trade-offs between different ecosystem
services. BESS research has considered trade-offs in different landscapes, including upland environments
and urban areas, showing the provision of ecosystem services under different management regimes.



BESS research has developed novel tools and indicators appropriate for tracking and measuring

biodiversity and ecosystem services in different scenarios.
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Relationships between biodiversity and ecosystem services
BESS research found relationships between levels of biodiversity, ecosystem function, and the provision of ecosystem services. There was not a simple
linear relationship, with higher biodiversity resulting in increased provision of function and services. Linkages differed depending on the habitat, species,
functions, and services.
Saltmarsh biodiversity reduces coastal erosion: Marshes with more diverse
plants communities offer better resistance to erosion 1. Both above-ground
vegetation and plant roots shelter coastal soil from waves and rain, physically
bind the soil together, and support microbes that stabilise soils. Saltmarsh
plants vary in how well they stabilise soil, and communities with greater root
biomass offer more resistance to erosion.

Urban biodiversity provides cultural ecosystem services: People prefer
biodiverse meadows to formal bedding plants or mown amenity grassland in
urban areas3, finding these areas more restorative psychologically4. Similarly,
when feeding urban birds, people prefer seeing a variety of bird species
rather than more individuals of the same species5.

Species-specific conservation schemes can have positive effects on wider
The biodiversity of grassland is affected by age: BESS researchers investigat- ecosystem service provision: Interviews with stakeholders managing the
ed the rate of natural regeneration of grasslands which were previously used conversation of species such as black grouse, hen harrier, and water vole
found they perceived wider biodiversity to be positively impacted by speciesfor agriculture2. The plants found on older grasslands were more similar to
specific conservation, as well as services such as pollination and climate reguundisturbed sites in terms of their diversity and the functional roles of these
lation6. However, some schemes were thought to have negative impacts on
species in the community of plants than younger grasslands.
some services, indicating the need to consider trade-offs in management.
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BESS research indicated that whilst levels of biodiversity are important in the provision of ecosystem services, there are other factors which contribute to
maintaining ecosystem functions and therefore ecosystem service provision in the natural environment. These include landscape characteristics such as the
connectivity of habitat patches.
The landscape provides cultural ecosystem services: A landscape scale
study which asked participants to mark areas of personal importance on
maps found that cultural ecosystem services are provided by areas that are
accessible, near to urban centres, with views, and a high diversity of protected habitats7. This demonstrates the benefits of high quality ecological sites
near to towns. However, the study indicated that people perceive cultural
services at the habitat and landscape scale, and in terms of charismatic species, rather than observing the diversity of plants and animals in particular
places8.

Species traits influence ecosystem functions: Experiments using species
found in marine sediments showed that whilst the diversity of species contributes to ecosystem functioning, the identity of these species is also important11. The role of different species in ecosystem functioning varies depending on the specific population and environmental conditions 12.

Saltmarsh and mudflats protect from storms: BESS researchers found considerable variation in maximum water heights and storm impacts between
different local areas along 45 km of Norfolk coastline during the storm surge
of 5-6 December 201313,14. Storm surges were alleviated by the presence of
The size of urban habitat patches affects ecosystem service provision: Polli- saltmarsh and mudflats. Regional forecasts of storm surges could be improved by including the local effects of the particular coastal setting and the
nation, carbon sequestration, and soil erosion were investigated in urban
natural spaces. Smaller green spaces stored less carbon and supported fewer extent of coastal ecosystems.
pollinators but provision of these services quickly increased with patch area Trees affect ecosystem service provision in streams: Planting deciduous
before levelling off at a maximum value9.
trees along streams and rivers increases the resources entering these
Landscape connectivity is important for urban bird movement: The delivery streams; streams draining from deciduous woodland had more particles of
of ecosystem services from garden birds depends on the features and layout leaf litter. This does not alter the number of species in the streams but causes
15
of the surrounding urban environment. A residential area where greenspace a greater density of macroinvertebrates .
was more connected had greater movement of birds compared with urban
areas where greenspace was highly fragmented by roads 10.
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Stocks and thresholds
BESS research indicates that there are critical levels of biodiversity
required to enable ecosystem functions and the resulting ecosystem
services. Reaching these critical levels or thresholds impacts the
supply of ecosystem services.
Biodiversity loss results in forest dieback: Some areas of the New
Forest dominated by beech in 1964 had become relatively open
grassland by 201416,17. The high death rates of large beech and oak
trees were associated with changes in other tree species, changes in
plant species at ground level and an increase in grass cover.
Importantly, these changes associated with tree death occurred
relatively abruptly. Only in areas where more than around 40% of the
area of trees were lost did the composition of other species change
and grass cover increase. These threshold responses occur when
there is positive feedback. Likely causes of beech dieback include
droughts combined with attack from pathogenic fungi. Regeneration
from seedlings is then prevented by pony and deer grazing.

Different stable states in grassland: Two grassland species were
found to have different relationships with microbes and fungi in the
soil (plant-soil feedback) meaning they were also affected differently
by drought18. This offers an explanation for the high species richness
seen in calcareous grasslands. Seemingly similar species have contrasting responses to plant-soil feedback and other stressors, meaning high diversity calcareous grasslands could persist in a number of
stable states depending on environmental conditions.
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Resilience of biodiversity-ecosystem service relationships to changing
conditions
Natural systems are under pressure from a range of factors including climate change, land-use change, new technologies, policy and regulatory change, and
changes in societal preferences. Resilience is the ability of a natural system to respond and adapt to this change, whether by resisting or recovering from
change18. A review by BESS researchers indicated that a range of mechanisms, operating at different spatial scales, underpin the resilience of natural systems to change 19. Resilience is affected at the level of individual species by the sensitivity of species to change for example, whilst at the landscape scale,
the area covered by natural habitats, the variety of habitats present, and the connectivity of these areas are important factors.

Responses to change and resilience in natural environments
BESS research has investigated the responses of different ecosystem services Responses have also been studied in different landscapes:
to pressures:
Better flood management can protect against climate change: River restoraResilience in decomposition, carbon sequestration, pollination, pest control tion not only reduces flood risk, it potentially generates a broader range of
and cultural values: Oliver et al. 201520 investigated how drivers such as
benefits. For instance, planting strips of shading woodland next to streams is
climate change and habitat loss have been affecting the number of species
one way of reducing the impacts of rising temperatures from climate change.
providing these key ecosystem services. They found there have been signifi- Widening these buffers of native deciduous woodland to more than 60 m,
cant declines in species providing pollination, pest control and cultural valwider than commonly used for shading alone, can increase stream productivues over the last four decades. Whilst this is not currently causing problems ity, possibly enhancing resilience15. The impacts of climate change on streams
in the provision of these services, it could in the future. For example, most
could also be mitigated by reducing river pollution and improving water
crop pollination is carried out by small number of few species. Less diversity oxygenation21.
in the wider pollinating community means fewer species to smooth out the
Resilience in forest environments: Research on forest dieback from the New
effects of fluctuations in population sizes, or to ‘step in’ to fulfil the same role Forest indicates critical thresholds in the loss of biodiversity and ecosystem
when currently dominant species are impacted, meaning there is less resiliservices in this habitat. As beech makes up a large proportion of canopy
ence in pollination services.
cover in the native woodlands of southern UK and has a low tolerance for
drought, UK forests may have low resilience to climate change22. Resilience
can be promoted through the maintenance of old, large trees to buffer
against the effects of environmental change23.
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Using agri-environment schemes to provide ecosystem services: Intense
agriculture can impact ecosystem services. Agri-environment schemes aim to
prevent this. BESS researchers developed a new agri-environment scheme for
England, by assessing key bee species, what was limiting populations of these
species, and what could be done to support them. Providing flower–rich
habitat on 2% of farmed land and 1 km of flowering hedgerow per 100 ha can
supply these species with enough pollen to feed their larvae24.
Critical levels of agricultural intensification for earthworms: Ecosystem services provided by grassland such as food production and water filtration are
reliant on healthy earthworm populations. Soil nutrients nitrate and phosphate, associated with applications of fertilisers from agriculture, were
amongst the most important controls on earthworm distributions 25.

Trade-offs
In multifunctional landscapes, decisions have to be made regarding which
ecosystem services are most important. Managing the natural environment
for these services may result in trade-offs, either through impacts on other
ecosystem services, or factors involved in management such as the cost or
efficiency of different options. BESS research has assessed the implications of
trade-offs for the management of natural environments.
Scenarios for land management in upland environments: Uplands have
been managed for the production of food and fibre. This results in trade-offs
as they are also important in providing services such as healthy soil and carbon storage. Local and global drivers of change, including climate, legislation
and cultural change, are placing pressure on uplands. DURESS researchers
produced scenarios for upland environments under different management
regimes26. These show how drivers could result in abandonment of upland
areas, or management for different services such as water filtration.
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Trade-offs in the recreational use of natural environments: Investigation of
the supply of ecosystem services in a national park after extreme weather
found reductions in recreation opportunities and reduced protection from
erosion. Natural restoration resulted in loss of biodiversity and ecosystem
services. Proper trail design and construction, although more expensive,
reduced the negative impacts of extreme events on recreation and offered
co-benefits in terms of protecting biodiversity and enhancing the supply of
regulating services such as erosion prevention27.
Ecosystem service provision by road verges: Road verges can provide ecosystem services such as pollination and climate regulation. However, they
need different management regimes depending on the ecosystem services
prioritised28. For example, planting wildflower mixes would support pollinators whereas tree planting would provide climate regulation and carbon storage.
Trade-offs in the size of habitat patches in urban areas: Whilst carbon storage and pollination services increased with patch size in urban areas, potential soil erosion also increased. This was due to the decreased presence of
paved surfaces and indicates a trade-off in the size of natural spaces in urban
areas10.

Monitoring and evaluation of ecosystem services
BESS researchers have investigated the state and resilience of natural environments using a range of tools and techniques, developing innovative ways of
measuring ecosystem services. This research has also used to create tools for managers and policymakers to support decision-making regarding natural
systems.

Identifying the state and resilience of biodiversity, ecosystem function, and ecosystem services
Models can be used to understand the provision of ecosystem services as
they show the interactions and flows of multiple ecosystem services across
the landscape to people. They also allow researchers to explore the impact of
pressures such as climate or land use change on natural environments.

Spatial scale is important in models: Maps of landcover vary in spatial resolution, with those at coarser resolutions more readily available than those at
fine resolutions. Users of models need to understand how sensitive their results are to the spatial resolution of the information they are using, as small
areas of habitat may not be present at larger scales and particular habitat
Choosing the best model: ARIES, InVEST and LUCI are examples of models
features can be more important for modelling some ecosystem services than
used to investigate ecosystem service provision. These models treat the landothers. BESS researchers modelled carbon storage, sediment erosion and polscape in different ways so users need clarity on the implications of their
choice of model. BESS researchers compared the three models when investi- lination services30in three cities using different landcover maps at 5 m and at
25 m resolution . They found outputs were sensitive to spatial scale and this
gating how land use change—the conversion of grassland habitat to woodvaried with the type of service being modelled. Finer scale resolution data
land—influences the delivery of multiple ecosystem services. They found
resulted in higher estimates of carbon storage and lower sediment erosion,
each tool has different strengths so are suitable for answering different
but lower pollination provision. Given the complexity of urban areas, it might
questions29. For example, ARIES is good if data is scarce, whilst LUCI is the
be helpful to use finer scale mapping than is normally used in rural areas.
most suitable for modelling trade-offs between ecosystem services.
Developing new data sources for modelling: Models such as INVEST use
land cover data, which can be obtained from full wave form aerial laser scanning (LiDAR). Researchers from the F3UES consortium have developed a set
of open source tools for mapping vegetation with LiDAR data in far more detail than has previously been possible 31,32. Measurement of the 3D structure
and density of vegetation has allowed more accurate representations of the
connectivity of different types of natural environment33.
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Tools for decision-makers

The ESI-SIT Ecosystem Service Interactions – Spatial Interactive Tool

BESS research has resulted in a number of open-access decision support tools
which predict ecosystem service supply in different scenarios. They can be
particularly useful for stakeholders in clarifying the implications and tradeoffs associated with particular decisions about land use.

ESI-SIT36 is a web-based tool which allows the user to select different management interventions and visualise the likely changes in ecosystem services
across the landscape as a result. It includes a simple representation of levels
of uncertainty and provides links to the evidence underlying the predictions.
Two versions of ESI-SIT have been developed with participation from stakeholders to date, one for the Humberhead Levels Nature Improvement Area,
and one for the Tees Valley.

The Saltmarsh Carbon Stock Predictor
Land management and policy development that aims to support natural carbon capture and storage needs to know what is stored where. Saltmarshes
store large quantities of carbon. The Saltmarsh Carbon Stock Predictor is a
free tool for organisations and individuals34. It uses simple information on
vegetation type, or vegetation and soil type to predict and map carbon stock
in Welsh and English saltmarshes.

The Natural Capital Assessment Gateway

Mapping tools use GIS (Geographical Information System) to link habitats to
the ecosystem services they provide. There are a variety available, but the
different approaches taken by different tools means they are suitable for
different needs. The Natural Capital Assessment Gateway 37 has collated the
Biodiversity module of the Cool Farm Tool
growing number of projects concerned with mapping ecosystem service deThe Cool Farm Tool is an online greenhouse gas and biodiversity calculator
livery at the landscape level in an interactive, searchable, map-based facility.
for farmers35. BESS research fellow Lynn Dicks created the biodiversity metric It is intended to allow new initiatives to collaborate with and learn from exof the Cool Farm Tool, which helps growers to make more informed decisions isting projects, choosing or developing mapping tools that are appropriate for
when supporting biodiversity and ecosystem services at a farm scale. The
the project aims, and to share good practice.
tool is free to growers, simple to use and evidence based. The Cool Farm AlliThe Ecosystem Services Transfer Toolkit and Evidence Review factsheets
ance includes a wide range of multinational food suppliers and manufacturThe Ecosystem Services Transfer Toolkit38 is a literature review of the effect
ers and this approach can be scaled up to their supply chains.
of land management actions on the provision of ecosystem services. The
Toolkit can be searched to find evidence of the effects of specific land management actions on ecosystem services provided by upland, freshwater, urban, lowland agriculture and coastal and marine habitats. It also assesses
how transferable the effect of a land management action on ecosystem services may be, if done in a different place. The Managing Ecosystem Services
Evidence Review fact sheets summarise the evidence for changes in ecosystem service provision from a land management action in a broad habitat
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type, for example, increasing trees and woodlands in urban areas.
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