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RESEARCH LETTER
Ecological palaeoecology and conservation biology: controversies, challenges, and compromises

H. John B. Birks?:?:*

“Department of Biology and Bjerknes Centre for Climate Research, University of Bergen, PO Box 7803, N-5020 Bergen, Norway;
b Environmental Change Research Centre, University College London, Gower Street, London WCIE 6BT, UK; “School of Geography,
University of Oxford, South Parks Road, Oxford OX1 3Q0Y, UK

Until recently, ecological palaeoecology (a part of long-term ecology) and conservation biology were considered two sep-
arate subjects with little relevance to each other. With the shift from description and evaluation in conservation biology in
the 1960s—1990s to the paradigm of ‘conservation in a rapidly changing world’ in the late 1990s, conservationists began to
realise the importance of the temporal dimension in developing conservation strategies to allow for landscape and ecosystem
change.

Despite this paradigm shift, ecological palacoecology is still largely ignored by conservation biology. I explore why this
may be and outline recent advances in the subject of direct relevance to conservation science. I present nine questions of
critical importance to conservation that palacoecology can answer.

Inevitably during this honeymoon phase of conservation biology and palacoecology, there are controversies, challenges,
and compromises. I outline these and suggest how some can be overcome by breakdown of the largely artificial boundaries
between landscape history, cultural history, conservation, and palaeoecology, and by the appreciation that all can make impor-
tant contributions to our understanding of people and nature and conservation in the face of changing land-use, environment,
and landscapes.

Keywords: baseline conditions; diversity; ecological processes; land-use; landscapes; long-term ecology; novel ecosystems;

pollen analysis; resilience; thresholds

Introduction

Ecological palacoecology (hereafter called palacoecology)
is an important part of long-term ecology (Rull and Vegas-
Vilarrubia 2011). Palacoecology and conservation biology
have, until recently, been considered as two subjects with
little or no relevance to each other, with their own research
symposia, journals, and approaches. As conservation biol-
ogy shifted from the primarily descriptive and evaluation
phase in the 1960s—1990s to the problems of devising man-
agement policies for ‘conservation in a rapidly changing
world’ in the 1990s and the publication of the Millennium
Ecosystem Assessment in 2005, conservationists began to
recognise the importance of the temporal dimension in
developing conservation strategies and policies that incor-
porate ecological and evolutionary processes in response
to the challenges of conservation in light of current and
future biotic, landscape, and ecosystem changes (Gillson
and Willis 2004; Willis et al. 2007a).

The structure of this article is as follows. First, I dis-
cuss briefly palacoecology and conservation biology and
their current links. I then outline nine critical questions
in conservation management that palacoecology can help
answer. | conclude by discussing the controversies, chal-
lenges, and compromises in linking conservation biology
and palaeoecology.

This article makes no attempt to be a comprehen-
sive review of palaeoecology and conservation biology.

Birks (1996), Willis and Birks (2006), Willis et al. (2007a,
2007b, 2010), Froyd and Willis (2008), Davies (2009),
Davies and Bunting (2010), Willis and Bhagwat (2010),
and Vegas-Vilarrubia et al. (2011) provide such reviews.

Ecological palaeoecology and conservation biology

Ecological palacoecology uses palacoecological tech-
niques (Birks and Birks 1980; Delcourt and Delcourt 1991;
Flessa and Jackson 2005) to resolve critical questions about
long-term ecological changes. It is concerned primar-
ily with the ecological impacts of environmental change
(“drivers’) on organisms, populations, communities, land-
scapes, and ecosystems. It uses the palacoecological record
of fossil pollen, leaves, seeds, animal remains, and so
on, preserved in lake or bog sediments as a long-term
ecological laboratory or observatory (Flessa and Jackson
2005). Long-term ecology is not primarily concerned
with reconstructing past environments (e.g. climate) (as
is geological palaeoecology — see Birks et al. (2010))
but with the response of organisms in the past to envi-
ronmental change, including human activity (Rull 2010).
Besides palacoecology, long-term ecology includes veg-
etation re-sampling (Britton et al. 2009; Dengler et al.
2011; Kapfer 2011), repeat photography (Zier and Baker
2006), use of documentary material (Andersen and Baker
2005; Edmonds 2005), use of herbarium or museum
collections (Hoffmann et al. 2007; Dolan et al. 2011;
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Johnson et al. 2011), dendrochronology (Kipfmueller and
Swetnam 2005), and related techniques that comprise his-
torical ecology (Egan and Howell 2005; Balée 2006).
My focus here is on ecological palacoecology.

Besides the intellectual fascination with reconstructing
and understanding the past, there are many important rea-
sons for studying long-term ecology. Pigott and Walters
(1977) wrote ‘There is scarcely a feature in the country-
side today that does not have its explanation in an evolution
whose roots pass deep into the twilight of time. Human
hands have played a leading role in this evolutionary pro-
cess, and those who study vegetation cannot afford to
neglect its history’. Aldo Leopold (1963), a key-mover
in the early development of national parks in the United
States, wrote ‘The first step in management is historical
research, to ascertain as accurately as possible what plants
and animals and biotic associations existed originally in
each locality’. Despite these views, landscape manage-
ment and conservation biology rarely take history into
account (Willis et al. 2005). The Millennium Ecosystem
Assessment (2005), for example, concluded that there is
little knowledge of how ecosystems respond to the inter-
active effects of different ecosystem drivers in particular
regions and across different scales. The longest temporal
data set used is 45 years (1960-2005) and the UK National
Ecosystem Assessment of 2011 (http://uknea.unep-wcme.
org) considers, at most, the last 65 years, but generally
the last 40 years. Such short time perspectives are clearly
inadequate when biotic systems have substantial inertia
and the impact of changes occurring today may not be
seen for years or decades. Some important changes may
have occurred in the past but we are only seeing their
effects today, the so-called historical legacies (Willis and
Birks 2006). Milar and Woolfendon (1999), for exam-
ple, show by tree-ring analyses of forests in the eastern
Sierra Nevada, California, that there are three age classes —
old-growth red firs 300-550 years old, lodgepole pines
100-250 years old, and young red firs <100 years old. The
old-growth red firs date from two warm dry periods during
900-1350 AD when there were more fire events leading to
an increased abundance of red fir in high-elevation stands.
During the ‘Little Ice Age’ (1400-1900 AD), there was a
decrease in fire events and lodgepole pines became domi-
nant. Following the ‘Little Ice Age’ (1900—present), red firs
became established again. It is clear from these studies that
today’s forest is a reflection of three climatic shifts in the
past 1000 years and there is thus a strong historical legacy
in today’s forest structure. It is not possible to understand
or manage today’s forest without this long-term historical
perspective. There are many other examples of ecosystems
with a strong historical legacy, including forests (Koerner
et al. 1997; Dupouey et al. 2002; Dambrine et al. 2007)
and grasslands (Gustavsson et al. 2007; Partel et al. 2007;
Reitalu et al. 2010) in Europe.

Conservation biology is used here to mean the
planned management of natural resources and the reten-
tion of structure, diversity, and evolutionary potential
within a constantly changing environment (Klein et al.
2009). It involves the protection, management, and/or

maintenance of biodiversity in its many manifestations
(richness, evenness, composition, etc.). The concept of
biodiversity covers many scales in space, time, and bio-
logical organisation, ranging from biomes and landscapes
to species and genes. Biodiversity hotspots occur at global,
continental, national, county, and local scales. All are of
conservation value and important at different spatial and
temporal scales.

There have been major paradigm shifts in conservation
biology in the last 20 years and these shifts are reflected,
in part, by the links between palacoecology and conser-
vation biology. An essential first stage in conservation
was the basic descriptive and evaluation phase, leading
to the recognition of biodiversity hotspots, areas of spe-
cial scientific interest, potential nature reserves, and so on
(Ratcliffe 1977a, 1977b, 1986; Myers 1990). In the UK
Nature Conservation Review (Ratcliffe 1977a), 11 crite-
ria for conservation evaluation were applied, 6 of which
could be assessed using palacoecological studies (Oldfield
1969, 1970; Edwards 1986; Birks 1993). One of the main
conclusions from such palaeoecological studies is that
many modern plant associations have not been in existence
for more than 1000-1500 years at the most (Birks 1996;
Jackson 2006). Many appear to have arisen by the direct or
indirect influence of humans and their animals. Such find-
ings have important implications for nature conservation
and management (Dolman and Sutherland 1991; Gillson
2009; Dudley 2011).

In the 1990s with the increasing realisation of global
change involving climate warming, land-use changes,
habitat loss, invasive species, and so on, a new paradigm
developed in conservation biology concerning conserva-
tion in a rapidly changing world. The seminal publication
of Mace et al. (1998) presented three major conclusions.
First, much progress has been made in the descriptive
and evaluation phases worldwide in identifying priority
areas for biodiversity conservation. Second, it is essential
now to build an understanding of ecological and evolu-
tionary processes into management and planning (Klein
et al. 2009; Perrings et al. 2011). Third, conservationists
must consider the dynamic processes of species and their
interactions with the rapidly changing environment and to
assess resilience in a landscape setting. Mace et al. (1998)
set a new agenda for conservation and management that is
applicable at all spatial scales. The Millennium Ecosystem
Assessment (2005) similarly concluded that there is lim-
ited understanding of the characteristics of ecosystems
that lead to resilience, thresholds, and irreversible change.
There have been major shifts in the research approach
of conservation biologists in response, in part at least,
to the new paradigm of conservation in a rapidly chang-
ing world (Sutherland 1998, 2006; Sutherland et al. 2004,
2006, 2009, 2010; Carpenter et al. 2006; Carwardine et al.
2009; Sutherland and Woodroof 2009; Dawson et al. 2011;
Hole et al. 2011).

Some palacoecologists have responded to this shift
away from the ‘balance of nature’ paradigm (Pimm
1991; Kricher 2009) toward the ‘dynamic flux of nature’
paradigm (Mace et al. 1998) by broadening their research
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Figure 1. The current situation of existing links and interactions
between ecology, ecological palaeoecology, and conservation
biology (including conservation biogeography).

agendas, focusing on specific ecological and environmental
threats, and developing a clear question-oriented research
with a strong hypothesis-testing component (Brncic et al.
2007; Virah-Sawmy, Bonsalll et al. 2009; Virah-Sawmy,
Gillson et al. 2009; Virah-Sawmy, Willis et al. 2009; Willis
et al. 2010; Seddon et al. 2011). But progress is slow
and much palaeoecological research remains descriptive,
without any clear research questions or underlying testable
hypotheses. There are thus only weak links and poor inter-
actions between palacoecology and conservation biology
(Figure 1).

Why, therefore, are there such weak links and poor
interactions between palacoecology and conservation biol-
ogy? There are several possible explanations. First, to
many conservation biologists, palacoecological data seem
too descriptive and too imprecise in terms of spatial,
temporal, and taxonomic resolution. Such data are thus
considered to be of little or no relevance to real-life
conservation management. Second, palaeoecological stud-
ies are published in unfamiliar literature and employ
unfamiliar concepts, methods, and terminology. Third,
with increasing specialisation within universities today,
palacoecologists are often located in geology or geog-
raphy departments, whereas conservation biologists are
situated in biology or environmental science departments.
This spatial separation can contribute to poor communi-
cation between palacoecologists and conservation biolo-
gists. Fourth, palacoecological data are often presented
in a complex, reader-unfriendly way, such as the dreaded
unreadable long pollen-stratigraphical diagram! To many
palaeoecologists, conservation biology is not viewed as
an important user of palacoecological data and they do
not see the relevance of their own data to questions of
thresholds, resilience, or baseline conditions. The vast
majority of palaecoecologists are interested in timescales
of the Holocene (post-glacial), late-glacial, or detectable
human impact. Many do not concentrate on the last

500 years, the period that is often most relevant to con-
servation. Many, rather surprisingly, appear not to be
interested in present-day ecology, community or landscape
conservation, management, or the many developing mod-
els and theories of ecosystem response to environmental
change.

There are thus two sub-cultures, conservationists and
palaecoecologists, seemingly interested in biodiversity and
landscape and ecosystem dynamics, past, present, and
future but not interested in each other’s sub-cultures. There
are, of course, some exceptions (Oldfield 1969, 1970; Birks
1993, 1996; Gillson and Willis 2004; Willis et al. 2004,
2007a, 2007b, 2010; Willis and Birks 2006; Froyd and
Willis 2008; Hanley et al. 2008; Hanley, Tinch et al. 2009;
Jackson et al. 2009; Davies and Bunting 2010; Willis and
Bhagwat 2010; Davies 2011; Dietl and Flessa 2011), but,
in general, palacoecology and conservation biology have
fewer links than they could have.

In some ways the apparent gap between palacoecology
and conservation biology may be the fault of
palacoecologists. They present their data in a poor
and complex way. The data often lack spatial, temporal, or
taxonomic precision. Many palacoecologists are slow to
take advantage of the many advances made in Quaternary
palaeoecology in the last 25 years. Many tend to rely too
heavily on pollen analysis. Many other environmental
‘proxies’ are preserved in sedimentary sequences, such
as fruits, leaves, conifer stomata, fungal spores, animal
remains, sediment inorganic and organic geochemistry,
stable isotopes (C, H, N), and, in lakes, diatoms, chirono-
mids, cladocerans, and so on. (Flessa and Jackson 2005).
Palaeoecologists rarely state explicitly the assumptions
of their methods (cf. Birks, Line et al. 1990; Birks et
al. 2010). Such assumptions are generally known and
accepted within the palaeoecological community, but
because they are not clearly stated, this lack of explicit
assumptions discourages researchers from other disci-
plines accepting palaeoecological results. On the other
hand, there is no excuse for conservationists to ignore
much of the relevant findings from palaeoecology (Birks
2005; Mitchell 2005) as in the special issue of British
Wildlife (Branson 2009) on ‘Naturalistic grazing and
re-wilding in Britain: Perspectives from the past and future
directions’.

There have been many key advances in
palaeoecological methodology that can greatly improve
the quality and relevance of palaeoecological data to
conservation biology. These include:

(1) Major advances in detailed pollen morphology
and hence in the taxonomic precision of pollen-
analytical data. With ever-increasing pollen ref-
erence collections, detailed pollen-morphological
monographs, improved microscopy, and new iden-
tification aids, it is now possible to identify over
250 pollen and spore taxa in Holocene lake sed-
iments from East Anglia (Peglar 1993) and over
120 taxa in south Norwegian Holocene lake sedi-
ments (Peglar and Birks, unpublished data).
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(2) Major advances in fine-scale sampling with
improved coring equipment and field and labo-
ratory techniques. It is now possible to sample
at 1-2 mm resolution if required (typically about
every 5-10 years) (Smol 2008, 2009).

(3) Major advances in understanding the likely pollen-
source area from which the bulk of the pollen
preserved in a bog or lake is derived from (Davis
2000). Relevant source areas of pollen range from
50-100 m (local scale) for a small hollow of
5—-10 m radius to 600—-800 m (landscape scale) for
a lake with a 250 m radius. Major advances in
inferring past forest composition from pollen data
are also occurring (Sugita 1994, 2007a, 2007b;
Paciorek and McLachlan 2009).

(4) Major advances in the use of lake sediments as a
long-term record of many environmental proxies
from the atmosphere, catchment, and groundwater
and from the lake itself (Smol 2008).

(5) Major advances in developing multi-proxy studies
where many different palaeoecological proxies are
studied together in the same sediment core in an
integrated way (Birks and Birks 2006).

(6) Major advances in numerical methods as tools
for the summarisation and analysis of complex
multivariate long-term ecological data and for the
testing of specific hypotheses (Birks et al. 2012).

(7) Increasing thought and care about site selection,
problem formulation, and hypotheses to be tested
by palaeoecological data (Birks, Berge et al. 1990).

(8) Increasing realisation of the importance of spa-
tial and temporal scales in the interpretation and
integration of palacoecological data (Jackson et al.
2009; Dearing et al. 2011).

All these advances are very relevant to the full and effective
use of palacoecological data in conservation and man-
agement. Palacoecological studies can address questions
about biological vulnerability and resilience that relate
directly to societal concerns such as the design of biolog-
ical reserves, the effects of biological and environmental
change on ecosystem services and goods, the stability of
biogeochemical cycles, and the direct and indirect impacts
of invasive species and extinction of species (Flessa and
Jackson 2005; Willis and Birks 2006; Dietl and Flessa
2009, 2011; Jackson and Hobbs 2009; Willis et al. 2010).

Questions of importance in conservation biology and
management

In this section, I consider briefly nine questions of
direct relevance to conservation and management that
palacoecology has uniquely provided answers to. The
underlying philosophy common to these studies are (Willis
and Bhagwat 2010):

(1) What do we need to know about the ecology,
including the history, of the system of interest in

order to conserve, maintain, or restore biodiversity
in a changing environment at the scale of concern
for management?

(2) What ecological processes, theories, and concepts
are most relevant and at what spatial and temporal
scales?

(3) How do we incorporate evolutionary and ecologi-
cal knowledge into practical and meaningful con-
servation policy and management so as to ensure
continuity of evolutionary and ecological pro-
cesses (Froyd and Willis 2008; Willis and Bhagwat
2010; Willis et al. 2010)?

What determines the development of the mosaic
structure of a landscape rich in flora and fauna?

In many areas in the American Rocky Mountains, there
are mosaics of forest patches and treeless grassland areas,
the so-called ‘parks’. By careful selection of small ponds
with a local-scale pollen-source area in forest and in park
patches, and detailed pollen and numerical analyses, Lynch
(1998) was able to falsify the permanent site hypothesis
(parks had always been parks and forest patches had always
been forest) and the remnant hypotheses that all patches
had once been parks and some had become forest patches.
Her data indicate that the replacement hypothesis by, for
example, disturbance could not be rejected and that all
patches had once been forested but that present-day park
areas have developed as a result of disturbance, possibly
associated with changes in fire frequency and/or climate
change. As this mosaic structure in areas like the Wind
River Mountains provides major habitats for mammals,
birds, insects, and plants in these landscapes, management
plans need to understand how the mosaic came about in
order to be able to manage it in the future.

What determines landscape and habitat diversity over
time?

Ecologists increasingly recognise the importance of habi-
tat diversity (eco-diversity or eco-complexity) of a land-
scape in influencing species richness within and between
landscapes and biotic responses to environmental change
(Burnett et al. 1998; Nichols et al. 1998; Hotchkiss
et al. 2007). Whittaker (1977) recognised several types of
diversity — community (a-diversity), between-community
(B-diversity), landscape (y-diversity), between-landscape
(8-diversity), and regional (e-diversity). Palacoecological
data are potentially relevant to all these scales (Odgaard
2007).

It is possible to reconstruct landscape-scale diversity
from palaeoecological data if many local-scale sites are
available from a small area (Odgaard 2007). Smith and
Cloutman (1988), for example, prepared 13 pollen dia-
grams with over 100 radiocarbon dates from a 15 ha upland
bog area in the south Welsh uplands. Six dryland and
five wetland vegetation types could be recognised from
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the pollen stratigraphies (Odgaard 2007) and their occur-
rences mapped in space and time. This remarkable data
set shows a decrease in landscape (y) diversity with the
expansion of blanket mire in the last 4000 years, lead-
ing to progressive landscape homogenisation. These results
have important implications for management and habitat
restoration in oceanic, upland landscapes.

Have landscapes (including their soils) changed over
time?

Here, palacolimnology (Smol 2008, 2009), especially the
study of diatoms preserved in lake sediments, can con-
tribute much to our understanding of landscape dynamics
including the lake’s catchment and its soils, as the catch-
ment and its soils are an important driver of the lake
environment (Birks et al. 2000; Lotter and Birks 2003).
Freshwater diatoms are excellent indicators of lake-water
chemistry, especially pH. Numerical calibration functions
based on the modern relationships between contemporary
lake-water pH and diatom assemblages (Birks, Line et al.
1990) have been developed to provide quantitative recon-
structions of lake-water pH through time (Birks, Line et al.
1990; Smol 2008, 2009). Such reconstructions played a
major part in the so-called ‘acid-rain’ research of the 1980s
and early 1990s. This palaeoecological research led to
major changes in the emission policies from the power
industry in the United Kingdom (The Management Group
1990; Birks 1996).

As a side result from examining many modern short
sediment cores collected for acid-rain studies, a large
amount of evidence became available to show the consid-
erable loss of upland heath in the last 200 years in the
United Kingdom (Stevenson and Thompson 1993). There
are several possible drivers of change, including increas-
ing sheep grazing pressure, extensive upland afforestation
from the 1920s, acid deposition leading to a weaken-
ing of heather’s physiological health, atmospheric nitrogen
deposition favouring grasses, especially Molinia caerulea,
over-weakened heather, insect infestations, and interac-
tions between these drivers. There are also considerable
palaeoecological data concerning erosion of upland blan-
ket mires that started about AD 1500-1700. There are
several likely drivers, including grazing and burning, loss
of Sphagnum species by excessive acidification by nitro-
gen and sulphur compounds, climate change at the time of
the ‘Little Ice Age’, and interactions between these drivers
(Tallis 1964a, 1964b, 1965; Birks 1988; Stevenson et al.
1990).

What are the major drivers of ecosystem change at
different timescales?

There are, of course, a multitude of drivers or factors
that can change one or more aspects of an ecosystem.
These include direct drivers such as climate change, air
and water pollution, succession, disease, human impacts,
and land-use change. Indirect drivers include demographic,
economic, socio-political, cultural, and religious changes.

Such indirect drivers are frequently ignored (cf. Davies
2007, 2009; Bhagwat et al. 2011).

A palaeoecological perspective can identify many
potentially important direct drivers such as Dutch elm dis-
ease, chestnut blight, and hemlock defoliation (Davis 1981;
Allison et al. 1986; Peglar and Birks 1993). Land-use
changes and resulting secondary succession are also impor-
tant direct drivers. Fuller et al. (1998), for example, studied
11 sites in the Harvard Forest area of Massachusetts.
Historical records indicate that the region was totally
cleared for agricultural land in the eighteenth century and
abandoned in the nineteenth century. Fuller et al. (1998)
used local-scale pollen analysis to compare present-day
forest composition with that prior to widespread clearance.
Their results showed that at all 11 sites, the composi-
tion of the forest following secondary succession was
similar, but at all sites the composition of the resulting
secondary forest was markedly different to its preceding
pre-settlement primary forest. These results have important
implications for restoration ecology and long-term man-
agement of woodlands. The results also indicate the role
of intermediate disturbance (Connell 1978) and of patch
dynamics in creating the mosaic of vegetation types we
see today.

Palaeoecological studies can help to identify poten-
tially important indirect drivers such as economic factors
in upland landscapes. For example, Hanley et al. (2008)
combined local-scale pollen stratigraphical data from small
bogs in livestock farms, documentary and estate records,
and econometric statistical modelling at 11 sites in differ-
ent biogeographical zones in the Scottish uplands. They
asked what are the principal drivers of pollen richness in
the last 400 years and showed that the ‘best’ predictor (in
a statistical sense) for pollen-richness changes is livestock
prices, a proxy for grazing pressure. Increased grazing led
to decreased pollen diversity, as did land abandonment.
As in the other questions considered above, intermediate
disturbance gives the highest pollen diversity. Hanley et al.
(2008) (see also Hanley, Tinch et al. 2009) is a unique study
that combines natural and social sciences to show that long-
term management of Scottish upland areas should focus
on grazing pressure as a key driver of ecosystem change.
It also highlights the problems of establishing ‘baselines’
or ‘natural’ target levels for biodiversity.

Can palaeoecological studies establish baseline
conditions?

Considerable interest has recently been focused on the
concept of baseline conditions, namely ecosystem con-
ditions before human influence became pronounced in
the landscape (Froyd and Willis 2008; Dudley 2011).
Attempts to define baseline conditions are widespread in
palaeolimnology using diatom assemblages at a particu-
lar time period, for example the European Union Water
Framework Directive has selected AD 1850 as the ref-
erence time (Bennion et al. 2004, 2011; Bennion and
Simpson 2011).
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Can palaeoecological studies establish the natural
variability of ecosystems?

Ecological systems are not static entities, as is often implic-
itly assumed in baseline studies (Jackson 2001, 2006;
Dudley 2011), but can be highly dynamic systems. There
is thus a need to define an envelope of temporal variability
characterised in terms of, for example, rates, magnitude,
and frequency of change (Palmer et al. 2006; Froyd and
Willis 2008). Such envelopes of temporal variability can be
constructed using fine-resolution pollen (vegetation vari-
ability), charcoal data (fire variability) (Cyr et al. 2009),
and stable isotope and geochemical studies (climate vari-
ability). Such envelopes have not, as far as I know, been
constructed in northwest Europe but their construction is,
in theory, possible. Given such an envelope in two or more
dimensions, it would be possible to identify what eco-
logical state lies within an acceptable limit of variability.
Such constructs would be highly relevant in restoration and
management studies (Froyd and Willis 2008; Jackson and
Hobbs 2009; Bullock et al. 2011; Dudley 2011).

Can palaeoecological studies establish ‘thresholds of
potential concern’ as benchmarks for management?

Working in the savannah-dominated landscape of the
Kruger National Park, Gillson and Duffin (2007) used fine-
scale pollen stratigraphies and modern pollen—vegetation
relationships to address if woody cover had decreased
below 80% of its ‘highest ever value’, a threshold set by
ecosystem managers to define the upper and lower lev-
els of acceptable variation in the ecosystem. The results
of Gillson and Duffin (2007) indicate that during the
past 5000 years, estimated woody vegetation cover has
remained at or above 20% of its ‘highest ever value’. Thus,
management intervention in this part of the Kruger Park
is not needed at present. However, the differences in the
estimates of the maximum ‘highest ever value’ between
sites highlight the importance of site-specific thresholds of
potential concern (Froyd and Willis 2008).

Can palaeoecological studies identify critical thresholds
and resilience in ecosystems?

An ecological threshold (Groffman et al. 2006; Walker
and Salt 2006) is the point at which there is an abrupt
change in an ecosystem quality, property, or phenomenon,
or where small changes in an environmental driver produce
large responses in the ecosystem. Ecological resilience
(Gunderson and Holling 2001; Walker and Salt 2006;
Gunderson et al. 2010) is the ability of systems to absorb
disturbances and still maintain the same relationships
between populations or state variables or the degree to
which an entity can be changed without altering its min-
imal structure. Resilience is thus a property of an ecosys-
tem, whereas persistence is the outcome of resilience.
Virah-Sawmy, Gillson et al. (2009) and Virah-Sawmy,
Willis et al. (2009) examined long-term resilience and

recovery of littoral forests on eastern Madagascar in rela-
tion to marine surges using a range of palaeoecological
techniques (pollen, diatom, and geochemical analyses).
They showed that open upland Uapaca heath forest has
low resilience to threshold events of marine storm surges
and subsequent drought and that a switch from one stable
state to another had occurred in open littoral forest (Willis
et al. 2010). Closed littoral forest showed much greater
resilience to repeated storm surges than open upland forest.
Identifying resilience in such systems (Willis et al. 2010)
is a first step in developing management policies to try to
combat future impacts associated with climate change and
sea-level rise or changes in land-use practices (Gunderson
and Pritchard 2002; Dearing 2008).

Can palaeoecological studies establish if particular
species of management concern are native?

The distinction between what is native and what is not
is often unclear. A species is usually classified as either
native or exotic according to whether it is located in its pre-
sumed areas of evolutionary origin and/or whether human
agency is responsible for its current distribution (Willis and
Birks 2006). In the absence of a palacoecological record,
the distinction between native and exotic easily becomes
blurred.

Oceanic islands such as the Azores or the Galapagos
are particularly liable to invasions and it is often difficult to
assess if a particular species is native or introduced (Willis
and Birks 2006). Palacoecological studies are essential to
answer such a question (Jackson 1997; Willis and Birks
2006; van Leeuwen et al. 2008; Coffey et al. 2011). For
example, the Galapagos Islands retain 95% of their native
biodiversity and have had a short period of human pres-
ence with European contact beginning in AD 1535. Despite
their high biodiversity and high species retention, the
islands have some of the highest extinction rates on Earth.
As a result, there are management plans to eradicate non-
native species. But what species are native, non-native, and
‘doubtful native’?

Pollen and plant macrofossil analyses (van Leeuwen
et al. 2008; Coffey et al. 2011) show that several ‘doubt-
ful native’ species and one assumed non-native species
have actually been present on the Galapagos Islands for the
last 2000 years, and are thus part of the native Galapagos
flora. The risk of applying inappropriate management to
what are in fact native species is minimised by having a
palaecoecological perspective on the history of particular
species. This type of study highlights the need for detailed
palaeoecological studies to help develop evidence-based
management plans for oceanic islands.

Other questions of importance in conservation biology
and management

There are many other critical questions in conservation
and management that require a palacoecological perspec-
tive, including several raised by Sutherland et al. (2006,
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2009). Davies and Bunting (2010) discuss the potential for
palacoecological data to contribute to answering some of
the 100 key questions in UK conservation policy identified
by Sutherland et al. (2006). They concluded that palacoco-
logical studies have a major potential contribution to 25 of
these questions, minor contribution to 31 questions, and
minimal contribution to 48 questions.

Such critical questions of obvious relevance to
palaecoecologists and conservation biologists include
(Sutherland et al. 2006, 2009):

(1) How is the resilience of ecosystems to climate
change affected by human activities and interven-
tions?

(2) How will climate change affect the distribution and
impacts of climate-dependent disturbance regimes
such as fires and storms?

(3) Which aquatic species and communities are most
vulnerable to human impacts, and how would their
degradation affect the provision of ecosystem ser-
vices?

(4) What are the likely risks, costs, and benefits of re-
introducing and translocating species as a response
to climate change?

(5) What time lags can be expected between climate
change and ecological change?

(6) What was the condition of ecosystems before
significant human disruption, and how can this
knowledge be used to improve current and future
management?

(7) What is the likely relationship between the extent
of climate change and the patterns of species
extinctions?

These questions and others identified by Sutherland et al.
(2006, 2009) provide the basis for rich, challenging, and
exciting future research agendas. They are a challenge to
palacoecologists to develop new research approaches to try
to answer these questions and others that require a temporal
perspective of 100—1000 years.

Palaeoecology has, with care, already contributed to
critical management questions by

(1) contributing to the current debates about ‘re-
wilding’ in wilderness areas;

(2) providing a factual basis for management within
the presumed natural variability of ecosystems;

(3) establishing the role of large infrequent distur-
bances in landscape dynamics;

(4) providing a basis for establishing if present-day
landscape changes are a result of recent climate
change or land-use changes and cultural impact;
and

(5) demonstrating very clearly that humans are an
important part of ecosystems over long time
periods.

Oldfield (1969, 1970), Birks (1993, 1996), Willis et al.
(2004, 2007a, 2007b, 2010), Froyd and Willis (2008),
and Willis and Bhagwat (2010) provide details of these
and related palacoecological studies in relation to these
questions.

Discussion

This discussion falls into three parts — controversies, chal-
lenges, and compromises in utilising palacoecological data
in conservation and management.

Controversies

Conservation biology has embraced the importance of
different spatial scales in its approaches but largely ignores
the importance of temporal scales. The Millennium
Ecosystem  Assessment (2005) considers the last
45-50 years, whereas the Intergovernmental Panel on
Climate Change (Jansen et al. 2007) discusses climate
change over the last 1-5 million years. Why is ecosystem
history so ignored in contrast to climate history?

The new paradigm of conservation in a rapidly chang-
ing world invokes many new concepts and theories in ecol-
ogy and hence in palaecoecology (Gunderson and Holling
2001; Gunderson and Pritchard 2002; Walker and Salt
2006; Gunderson et al. 2010). Palacoecology seems reluc-
tant to consider new concepts and theories about land-
scapes and ecosystem dynamics and about the importance
of different spatial scales. As a result many conservation-
ists tend to ignore the findings of palaeoecologists, to the
detriment of understanding the historical legacies in many
ecosystems.

Many palacoecologists do not appear to recognise the
relevance of their findings to key questions like natu-
ral variability, baselines, thresholds, resilience, ‘regime’
shifts, and ‘assisted migration’ in conservation biology.
A brief perusal of my reprint collection in January
2010 revealed over 300 palacoecological articles with
data and results directly relevant to conservation in the
twenty-first century but with no mention of conserva-
tion in the title, abstract, keywords, or text. No electronic
search would ever find these articles, all of which rep-
resent months or years of hard work at the microscope,
because their keywords are pollen, late-glacial, Holocene,
vegetation history, charcoal, and so on, and not resilience,
stability, baselines, and so on. There is thus a largely hid-
den literature in palacoecology that is of great relevance to
conservation biology.

There are surprisingly few links between conserva-
tion biology, palacoecology, and global-change research,
even though they all have common concerns — biodiversity
changes, environmental and climate changes, and habi-
tat changes — at different spatial and temporal scales
(Anonymous 2009). The links between conservation and
palacoecology are weak for many reasons (see above) — the
failure to appreciate each other’s research; a confusion of
spatial and temporal scales, the difficulties of publishing
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conservation-based palaeoecological articles in the main-
stream conservation biology literature, and the difficulties
of obtaining research funding for ‘applied’ research (e.g.
palaeoecology, ecological economics, landscape ecology).

Challenges

Despite these controversies, there are many challenges in
trying to link palaeoecology and conservation biology.

In order to interact closely with conservation biology
and management, palacoecologists must speak the same
scientific language, address the same research problems,
and be appreciative and respectful of each other’s data
and research approaches. Palacoecologists need to take
full advantage of the many advances in the theory and
practice of palacoecology — different levels of spatial, tem-
poral, and taxonomic precision; multi-proxy studies; the
use of lakes and appropriate numerical techniques; project
design and site selection; coring methods; and so on.
Detailed palaeoecology is very time-consuming. It is there-
fore essential to study the best available site for a specific
conservation problem. Pilot studies and datings are essen-
tial but are rarely done in palacoecology because they are
often regarded as a ‘waste of time and money’, although
they are not a waste of time or resources if they result
in finding the most suitable site to resolve a particular
research question. Automated pollen counting using the
newly developed Classifynder (=Autostage) (Holt et al.
2011) has the potential to revolutionise pollen analysis and
to make essential pilot studies fast and simple.

Additional  challenges are the linking of
palacoecological studies with the active fields of
restoration ecology (Hobbs 2009; Jackson and Hobbs
2009; Dudley 2011), of land-use economics and social
and cultural dynamics (Hanley et al. 2008; Cooke et al.
2009; Hanley, Ready et al. 2009; Hanley, Tinch et al.
2009; Dearing et al. 2010, 2011, Collins et al. 2011),
and biodiversity changes and species turnover (Jackson
and Sax 2009). An important challenge is to draw up a
comprehensive list of relevant questions of high policy rel-
evance in the uplands of the United Kingdom and Norway
that palacoecology can contribute to (cf. Sutherland et al.
2006) and also a list of relevant questions of importance
in the conservation of global mountain biological diversity
(cf. Sutherland et al. 2009). An additional challenge for
palaeoecologists is to improve our communication skills
(Lovejoy 2009) by using plain language and to become
more engaged in highlighting the policy implications and
applicability of our science and its relevance to conser-
vation biology, earth-system science, and biodiversity
management. Communication to fellow palaeoecologists
is not enough: palaeoecologists need to communicate with
a much wider audience.

Compromises

Despite extensive fieldwork and careful pilot studies, there
might not be the ‘perfect’ site in the landscape of interest

that is relevant to the management question of concern.
Palacoecologists should acknowledge this limitation and
avoid the temptation to ‘over-interpret’ their hard-earned
data.

For an effective interaction between conservation
biology and palacoecology, conservationists need to try to
formulate their research questions, if at all possible, at the
spatial, temporal, and taxonomic scales that can be attained
in palaeoecology. Inevitably, some compromises will be
needed here as no data are ever ‘perfect’.

Testing alternative explanatory hypotheses about, for
example, the current or long-term status of tree-lines and
forest-limits, may require the use of dynamic vegeta-
tion models. Such models (Heiri et al. 2006), although
mathematically and analytically sophisticated, often, by
necessity, have to simplify the ecological situation and
make compromises between ecological simplicity and
tractable numerical solutions and ecological complexity
and intractable numerical solutions. Some compromise is
essential.

Palaeoecologists and conservation biologists should
be prepared for ‘ecological surprises’ in the future or
as Ellison (2007) has proposed ‘here be dragons’. Our
rapidly changing climate may present us with completely
new climatic and hence ecological scenarios (Williams
and Jackson 2007; Williams et al. 2007). These will
almost certainly lead to reshuffling of species and novel
or ‘no-analogue’ assemblages and communities (Jackson
and Williams 2004; Ellison 2007; Fox 2007; Jackson 2007;
Lovejoy 2007; Keith et al. 2009). There may be unpre-
dictable interactions between new climatic patterns and
existing species and vegetation types, potentially resulting
in many ‘ecological surprises’(Williams and Jackson 2007;
Willis and Bhagwat 2010).

Most ecosystems today are sufficiently altered in
their composition, structure, and function that can be
regarded, in a long-term temporal perspective, as novel
ecosystems (Fox 2007). The management of novel
ecosystems may require novel approaches (Hobbs et al.
2006, 2009; Seastedt et al. 2008; Bridgewater et al. 2011).
Compromises are likely between existing, familiar man-
agement approaches and novel, unfamiliar approaches. The
palacoecological record provides many examples of ‘no-
analogue’ assemblages (Jackson and Williams 2004; Gill
et al. 2009) that appear to have developed under unique
conditions of climate, fire, megaherbivory, and other dis-
turbance regimes. Elucidating the underlying ecological
processes behind such novel ecosystems in the past is an
important research area where insights from palaecoecology
can directly contribute to future management plans (Willis
etal. 2010).

Conclusions

Overall, there are promising signs that palacoecologists are
beginning to make important contributions to conservation
biology and landscape management and that conservation-
ists and managers are recognising the importance of a
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palaeoecological perspective in understanding and manag-
ing ecosystems. Recent books (e.g. Bonn et al. 2009; Dietl
and Flessa 2009; Hall 2010) reflect closer links between
palaeoecology and conservation science than existed when
I wrote a review of the contributions of Quaternary
palaecoecology to conservation biology and coined the term
‘applied palacoecology’ (Birks 1996). Several articles in
these volumes are particularly relevant to the theme of
this article (Anderson et al. 2009; Evans 2009; Jackson
et al. 2009; Yallop et al. 2009; Davies 2010; Vera 2010;
Whitehouse 2010).

It is becoming increasingly clear that to understand
long-term dynamics in the past as a tool for predicting and
managing biodiversity in the future, there are important
needs for a strong and effective interaction and collab-
oration between palacoecology and conservation. There
is much to learn from ‘lessons from the past’ and to
understand the many ‘legacies from the past’ in designing
effective management plans. We should not view mod-
ern ecology and palacoecology as separate entities, but
we should view palacoecology as part of the temporal
continuum in ecology and evolution (Rull 2010).

Clearly, the timescales needed to address a particu-
lar research question depend on the ecological processes
and the organisms of interest (e.g. trees, long-lived dwarf-
shrubs, annual herbs). There is within conservation biology
today an increasing emphasis on ecological and evolu-
tionary processes (Klein et al. 2009) and on ecosystem
services and goods in management (Bullock et al. 2011).
Palaeoecology can provide a temporal dimension to these
processes, services, and goods.

Conservation biology has embraced the importance of
spatial scales but it has yet to do so with regard to temporal
scales. In contrast, palacoecology embraces different tem-
poral scales but has hardly addressed the problems posed
by different spatial scales.

Palaeoecology has clearly shown that landscapes and
biota are not static entities. They are constantly chang-
ing in space and time. The broad-scale EU ALARM
project (Spangenberg 2007; Settle et al. 2010) involving
35 countries presented an impressive synthesis and predic-
tions involving major drivers and pressures on biodiversity,
including socio-economic changes, species invasions, cli-
mate change, and atmospheric nitrogen deposition. The
starting points in ALARM’s predictions were ‘stable’
or ‘static’ communities and the predictions considered
changes from one ‘stable’ state to another ‘stable’ state.
There appears to be no consideration of systems that today
already have a strong historical legacy and are highly
dynamic (Emanuelsson 2009). All ecosystems are dynamic
and have a history (Jackson 2001, 2006, 2007; Willis and
Birks 2006; Kricher 2009).
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