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Abstract. Paleoecological records are replete with exam-1 Introduction
ples of biotic responses to past climate change and human

'T"pa"t' but how can we u;e _thes_e records in the co_nservarhe United Nations Convention on Biological Diversity en-
tion of current and future biodiversity? A recently published . o4 into force in 1993 and set the scene for conservation

list of (One Hundred Questions of Importance to the Con-q¢ e ariety of life on Earth including genes, species and

servation of Global Biological Diversity) (Sutherland et al., ocqqystems. A number of international conservation organi-
2009) highlights a number of key research questions that,,ijons subsequently devised strategies to identify and pro-
need a temporal perspective. Many of these questions arg, giohal biological diversity. These include, for example,
related to the determlnatlon of eCOIOQ'C"’_‘l processes in OrdeBirdlife International’s Important Bird Areas (Brown et al.,
to assess ecosystem function and services, climate changfggs)’ WWF's ecoregions (Olson and Dinerstein, 1998), and

integrated conservation strategies, and ecosystem managey,nqeryation International’s Biodiversity Hotspots (Myers et
ment and restoration. However, it is noticeable that notasin 2000). In 2002, the Parties to the Convention commit-

gle contributor to this list was from the paleo-research com-
munity and that extremely few paleo-records are ever use f the current rate of biodiversity loss at the global, regional

in the development of terrestrial conservation management 4 national level as a contribution to poverty alleviation and
plans. This lack of dialogue between conservationists and th%\0 the benefit of all life on Earth” (CBD, 2010). The in-

paleo-community is partially driven by a perception that the o atignal conservation strategies established in the 1990s

data provided by paleoecological records are purely descripz g jmplemented subsequently have been at the forefront of

tive and ”Pt of fe'?"a”‘?e to t_he dgy-to—d_ay management angchieving this target. These strategies use quantitative meth-
conservation of biological diversity. This paper illustrates, ods to identify priority areas for conservation and aim to de-

through a series of case-studies, how long-term ecologicaemine the most important regions based on measure(s) of

records {50 years) can provide a test of predictions and as-; oo mnination of different factors including species richness,

sumptions of ecological processes that are directly releva”éndemism threat and uniqueness. Such methods have re-
to m.an_agemhe nt ;tratteigles necr:a.ssa'ry to retain b|0|9g|lcal disulted in the current prioritization of approximately 12% of
versity in a changing climate. This discussion paper inc Ude%e Earth’s terrestrial surface for protection at local, regional

information on diversity baselines, thresholds, resilience, anq)r global scales (Jenkins and Joppa, 2009). However, once
restoration of ecological processes. an area has been prioritised for conservation, what methods
are needed to conserve biological diversity in the region?

ed themselves “to achieve by 2010 a significant reduction

It has long been argued that in order to conserve biodiver-
sity in a changing world, conservation planners must incor-
porate an understanding of the dynamic processes of species

Correspondence tdK. J. Willis and their interactions with their environment into conserva-
BY (kathy.willis@ouce.ox.ac.uk) tion planning (Mace et al., 1998; Pressey et al., 2007; Mace
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and Purvis, 2008). With the increasing threats of climatechange; (iii) restoration of ecological processes in degraded
change and human impact (e.g., Marlon et al., 2008), mostandscapes; and (iv) identification of regions important for
conservation organisations now acknowledge the relevanceonservation of evolutionary processes.
of ecological processes to conservation. These include, for
example, stated aims to create ecological conditions neces-
sary for resilience, persistence and the prevention of thresh2 Which ecological processes are important for
olds and irreversible changes in ecosystems. Ecological pro- maintaining target ecosystems?
cesses include climatic processes, primary productivity, hy-
drological processes, formation of biophysical habitats, in-Biodiversity base-lines still form the corner-stone of many
teractions between species, movements of organisms angbnservation strategies where the aim is to conserve and/or
natural disturbance regimes, all of which influence biolog- maintain characteristic features of the protected area such
ical diversity (Bennett et al., 2009). What is still lacking, as endemic species, a combination of species, or a particu-
however, is an understanding of how to identify the ecolog-lar community assemblage. There are many levels of man-
ical processes important to achieving these aims, and theagement strategies that are applied to these protected areas.
how to devise policies to conserve them. This underlies onéOne such strategy is the IUCN Protected Area Categories
of the main problems with planning for dynamic ecosystems;(Dudley, 2008) which recognizes seven different levels of
it is often far from obvious what data should be used to de-management ranging from category 1a, strict nature reserve,
termine ecological processes, and what ecological processasanaged mainly for science and excluding people, through
should be conserved. to a category VI which is managed mainly for the sustainable
Within conservation biology there is a tendency to exam-use of the natural ecosystem and allows harvesting by people
ine ecological processes at the ecological timescale, witHo occur within the reserve. Rarely, within this management
datasets spanning at most up to 50 years, but more often béramework, is consideration given to the processes to be pre-
tween 1-5 years. However, many of the ecological processeserved in order to maintain the biodiversity within the reserve
that are relevant to understanding patterns of biological di-(Boitani et al., 2008) or those responsible for the biodiversity
versity occur over longer timescales spanning 10s—1000 # the first place. This was a case in point with the Sierra de
years. Furthermore, to understand evolutionary processedlanatlan UNESCO Biosphere reserve (SMBR) (Figueroa-
this timescale must be even longer. The tendency, thereforéRangel et al., 2008) in Western Mexico. The SMBR is a
has been to either extrapolate from short-term records or teegion of tropical humid and temperate grasslands covering
rely heavily upon models to determine ecological processapproximately 1400 kfin Western Mexico. Here a num-
Although these methods can provide a first-order approxi-ber of the major habitat and land-cover types are protected
mation, they can also lead to some misguided predictions andnd managed according to the IUCN classification scheme.
assumptions, sometimes leading to inappropriate policy and hese include upland pine-dominated forests which are seen
management decisions. as a priority and have been classified as an [UCN core zone
An additional method for determination of ecological pro- 1a; thus an area where people are excluded. However, it is
cesses, and one that is currently under-utilized, is the usalso assumed that these pine-dominated forests are a sec-
of longer-term ecological records contained in historical andondary succession following past anthropogenic activities.
fossil records (for a review see Willis et al., 2010). ReasonsThe IUCN 1a classification could therefore potentially be
for an absence of long-term ecological temporal datasets it odds with the aim to conserve the ecological processes
biodiversity assessments and reports are most often drivehecause the factors responsible for maintaining the target
by a lack of appreciation of the type of data such records carecosystem (humans) are removed from the system using this
provide (Willis et al., 2007). There is also the perception thatmanagement strategy.
climate change and human impact are now so much faster A paleoecological sedimentary sequence spanning the last
and greater than anything ever experienced before in Earth'd200 cal yr BP (before present) was analyzed from a sedi-
history and that we will be experiencing novel ecosystems.mentary site situated in the pine-dominated forest to deter-
Thus it is argued that in many situations, determination ofmine whether this forest type was a human or natural legacy.
historical restoration targets are not going to be relevant toA second aim was to determine the natural variability of the
current and future conservation practices (Hobbs et al., 2006forests prior to prehistoric human activity and how this al-
Jackson and Hobbs, 2009). tered in response to climate change (Figueroa-Rangel et al.,
This paper asks: what are the most important questions re2008). Results indicated th&inuswas the dominant tree
lating to the conservation of biological diversity that can be species for the entire length of record and was established in
addressed using long-term ecological methods and dataset#ffe region long before the presence of humans. Phisis
Through a series of case-studies and examples it examinetominated forest type is not therefore a result of secondary
their use in: (i) determining ecological processes importantsuccession following anthropogenic activities. This study
for maintaining target ecosystems; (ii) understanding threshalso indicated that during an interval of increased humid-
olds and building ecosystem resilience in response to climatéy between 2500-1260 cal yr BP cloud forest taxa became
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Fig. 1. Percentage pollen diagram of the pine-dominated forest in West-Central Mexico over the past 4200 years for total pollen sum,
including spores of ferns. Ages are calibrated years BP (mean and 95% confidence interval of accuracy) (Redrawn from Figueroa-Rangel et
al., 2008).

established in the area and reduced dominance dPitimes This is but one example; there are numerous paleoecolog-
and that this was a natural response to climate change. Nateal studies from many regions of the world indicating the
ural burning (as recorded in the charcoal record) also indiimportance of such data for determination of baselines and
cated a close positive correlation witinus suggesting that  processes responsible for the current biodiversity. In the ab-
in combination with aridity, burning is an important process sence of paleoecological records, often basic ecological as-
in maintaining this forest type. Results from this study, there-sumptions are made about the processes responsible for the
fore, not only indicate the naturally occurring vegetation in present-day diversity and general “rules” are often applied
this region but also processes responsible for its presence andhcritically across regions and sometimes even continents.
persistence (aridity and burning). It also suggests that despit&his is particularly true of assumptions related to burning
people having been present in the region for several thousangegimes, particularly in grassland ecosystems (see, for ex-
years, they had little impact on the existiRghus dominated  ample, Foster and Motzkin, 2003; Maxwell, 2004). A num-
forest and suggests that the current management strategy ber of recent studies have indicated that in regions that cli-
excluding any anthropogenic activities in this part of the re- matically should be able to support trees (e.g., S. Africa and
serve is probably unnecessary (Figueroa-Rangel et al., 2008)ladagascar), there is a tendency to assume that all grass-
(Fig. 1). lands are a consequence of previous anthropogenic activity
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(Bond et al., 2008). By the classification of grasslands asng paleoecological techniques including pollen analysis and
“anthropogenic” they often acquire the label of a “degraded” sediment geochemistry. Abiotic changes occurring over the
landscape and therefore are of little conservation priority.same interval were also reconstructed, including climatic
However, many of these grasslands are in fact without anychange and storm surges associated with sea-level rise us-
anthropogenic management, are naturally occurring and coning a variety of geochemical analyses. This study iden-
tain important endemic species of high conservation prioritytified a series of threshold events that occurred over the
(e.g., Parr et al., 2002; Bond et al., 2008; Willis et al., 2008; past 4000 years in response to the combined influence of
Bond and Parr, 2010). storm surges (resulting from sea-level rise) and intervals
of aridity. A combination of these two abiotic factors re-
sulted in a rapid switch<50 years) from littoral forest to
3 Determination of thresholds and conserving resilient ~ Ericaceae-dominated heathland at four sites on the coast.
ecosystems The Ericaceae-dominated heathland is thus a naturally occur-
ring vegetation type following environmental peturbations
Another key question related to current and future biodiver-and is not as a result of past human activities. Results from
sity conservation is how will taxa and the processes thewhis study also demonstrated, however, that the initial compo-
are involved in respond to current and future environmen-sition of the forest appeared to influence both the resilience
tal changes (Willis and Birks, 2006)? In recent years thereand the nature of recovery of the vegetation following the
has been an increasing concern over the prospect of criticgderturbation. Specifically, the diverse littoral forest was more
thresholds or tipping points when, following a biotic/abiotic resilient to the triggering mechanisms (sea-level rise and
environmental change, the ecosystem shifts abruptly fromstorm surges), showing greater resistance to the initial en-
one stable state to another (Folke et al., 2004; Scheffer efironmental perturbation and a quicker return to forest fol-
al., 2009). A number of conservation organizations now ac-lowing disturbance. In contrast, the opgapaca woodland
knowledge critical thresholds as a current and future threabppeared to be far less resistant and underwent a threshold
and the need to create conditions that ensure persistence aegdent after the first combined storm surge and aridity event.
resilience against threshold events. It then never recovered and this region has remained as Eri-
Thresholds and tipping points are one area where the utilcaceous heathland ever since (Fig. 2).
ity of longer term records have been recognized for some An initial take-home message for conservation planning
time within conservation science — particularly in marine from this study is to make conservation of the littoral for-
systems for both the identification of tipping points (Schef- est fragments a priority, as well as the naturally occurring
fer et al., 2001) and also regions/communities that appeaheathland mosaic around them because this appears to have
to be more resilient to threshold events (West and Salmprovided refugia for species during intervals of aridity and
2003). There have also been some excellent studies exanstorm surges (Virah-Swamy et al., 2009a,b). However, this
ining the timing and possible driving mechanisms of thresh-study also indicated that some littoral forest fragments seem
old events in terrestrial ecosystems (e.g., Carrion et al., 2001tp provide greater refuge for endemic species than others dur-
Dearing, 2008). To date, the majority of these records haveng environmental perturbations. One example is the Mada-
been used to describe the past occurrence of threshold evergascan endemic evergreen forest t&anphoniaThis is an
and demonstrate that mechanisms responsible often involvenportant genus in Madagascar — many of its species pro-
a combination of biotic and abiotic factors. What is proba- duce nectar and fruits that are consumed by bats, birds and
bly more critical to conservation planning, however, is to de-lemurs, but it presently only grows in some fragments of lit-
termine which regions are more resilient to threshold eventgoral forest and not others (Goodman and Benstead, 2003).
and the ecological processes that are responsible for this réon examination of long-term ecological records from two
silience. Such information can then be used in two importantsedimentary sequences at the littoral forest sites, it was ap-
ways: first, to prioritize resilient areas in conservation plan-parent that following the climatic perturbatiorSymphonia
ning, since these regions are likely to be more robust in thayent locally extinct at one site but not at the other. It was
face of future climate change (West and Salm, 2003); andalso apparent that at both sites there was a close relationship
second, to try to build resilience into ecosystems, therebybetween the abundance 8fmphoniaand the presence of
creating conditions that might enable greater persistence ipopulations ofErica spp. andMyrica (Fig. 3a).
the face of environmental change. To determine the reason for this apparent difference be-
One study that has attempted to identify spatial patterns ofween littoral forest fragments, population models were ap-
resilience and ecological factors responsible using long-ternplied to the pollen abundance data to understand whether the
ecological records is for the highly biodiverse coastal ecosysi{ocal extinction ofSymphoniawas modulated by competi-
tems in south-east Madagascar including littoral forest andion and/or facilitation (Virah-Swamy et al., 2009b). Four
Ericaceae-dominated heathland (Virah-Swamy et al., 2008)alternative hypotheses were considered: (i) that there was
Vegetation dynamics spanning the pag000 years were re- competition betweeisymphoniaandErica spp., (ii) facil-
constructed for four sites along the south-eastern coast ustation by Myrica (which is an important nitrogen fixer in
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Grey bands are periods of abiotic changes corresponding to vegetation shifts. Note the difference in species composition and timing of

changes between the two sites (Redrawn from Virah-Swamy et al., 2009a).

this region) enabled the persistenceSyimphoniafiii) nei- are particularly deficient in phosphates and nitrogen. In con-
ther competition nor facilitation exerted any influence; andtrast St. Luce has more nutrient-rich soils. It is therefore
iv) both competition ymphonia-Erica spp.) and facili-  probable that at Mandena, plants that can grow in nitrogen-

tation Symphonia-Myricawere responsible for the persis- poor soils (e.g.Erica spp.) gained a competitive advantage
tence of the species at one site but not the other. Dif-during climate perturbations, expanded and reached maxi-
ferent models were fitted using a negative binomial like- mum carrying capacity, drivinggymphonigpopulations to
lihood function; maximume-likelihood parameter estimates local extinction. Thus it is the density &rica that deter-
were determined using a Nelder—Mead simplex algorithmmines coexistence or competition effects at Mandena and
(Bonsall and Hastings, 2004). this can result in local extinction during climatic perturba-
Results indicated that at both sites, the best model for detions. By contrast, at St Luce, the more nutrient-rich soils
scribing theSymphonialynamics was the competition model provided more resources f8ymphoniaduring climatic per-
with Erica spp. In addition, when competition isoclines turbations. With higheiSymphoniaabundancesSympho-
were plotted for the two sites it became apparent that at theétia exerted competitive effects dérica spp. and persisted

site whereSymphoniawent locally extinct (Mandenakr- through the interval of climatic perturbation (Virah-Swamy
ica andSymphoniaoexisted at high abundances, but at low et al., 2009c) (Fig. 3b).
abundanced:rica outcompetedsymphonia In contrast, at By examining ecological processes responsible for persis-

St. Luce,SymphoniandErica spp. coexisted throughout the tence through time, this study raises important implications
sequence. Mandena is an area with nutrient-poor soils, whiclior conservation planning. It clearly indicates that population
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abundance is more important for the persistencgyhpho- 2000) suggests that the animals to be reintroduced should be
nia than the other factors considered (including facilitation those apparent on the European landscape betw#&@000—
by nitrogen fixers) and areas that are able to support higheB000yrBP and in North America (Donlan et al., 2005,
numbers of individuals (due to abiotic factors such as bette2006) and Northern Russia (Zimov, 2005) it is suggested
soil nutrients) enable partitioning of resources and competithat the animals to be reintroduced should be those present
tive populations. With increasing fragmentation and reduc-during the Pleistocene>(10 000 yrBP). Through such re-
tion in sizes of populations, the most important regions forintroductions, it is suggested that these large herbivores will
conservation prioritization in this region of Madagascar mustimprove ecosystem function through nutrient cycling, seed-
be those areas of littoral forest situated on nutrient-rich soilsdispersal, increased biomass and increased diversity (Vera
since during climate perturbations littoral forests located on1997, 2000; Donlan et al., 2005, 2006; Zimov, 2005). This
poorer soils will probably not be able to support many of the approach of re-introducing large herbivores is already oc-
region’s important endemic taxa. By prioritizing conserva- curring at sites in the Netherlands, parts of North Amer-
tion of littoral forest situated on nutrient-rich soils it will be ica (Rist et al., 2007) and the Northern Siberian region of
possible to preserve the ecological processes necessary fiakutia (Zimov, 2005) Preliminary results indicate a large
its persistence during climatic perturbations. increase in biodiversity over the past 30 years at Oostvaarde-
splassen in the Netherlands as a result of re-introducing heck
cattle, konic ponies and red deer (Vera, 2009). This ap-
4 Restoration of ecological processes on a degraded proach, however, is not without its critics (e.g., Rubenstein
landscape et al., 2006), not least from the paleoecological community
(Mitchell, 2005; Soepboer and Lotter, 2009; Whitehouse and
Throughout the 20th century, a key conservation strategySmith, 2010). Understanding the relationship between past
has been maintenance and expansion of the global pronerbivore densities and their role as “ecosystem engineers” is
tected area network. Since the first national park was esanimportant future research challenge for long-term ecology.
tablished in 1872, there are now over 100 000 reserves cov- A second approach for restoration of ecological processes
ering more than 18 million ki~ over 12% of the Earth’s in degraded landscapes may be to learn from the legacy of
land surface (WCMC, 2007). However, these reserves argast human activities. Many of the landscapes in so-called
spatially fixed, meaning that migration beyond reserves inbiodiversity hotspots have a long history of human habita-
response to climate change may not be possible for manyion and have been under some form of cultivation in the past
species, particularly because reserves are also surrounded pwillis et al., 2004). Past cultivation techniques included
highly human-dominated landscape matrix (Wittermeier etplanting of trees along with crops in agroforestry systems
al., 2009). Furthermore, in order to migrate beyond reservesiHeckenberger et al., 2007), and soil-management strategies
many species will have to travel through novel ecosystemgBhagwat et al., 2008). For example, the ancient Maya ma-
in anthropogenic landscapes. In such ecosystems, plant anflpulated and cultivated the landscape of the Yalahau region
animal communities are often influenced by people’s prefer-in the northeast corner of the Yucatan Peninsula in Mexico
ences (e.g., cultivated and domesticated species) and aliesy using algae from wetlands to enrich upland garden plots,
or invasive species are also common. How can we therand by cultivating trees within their communities (Fedick and
create conditions that will protect native species beyond reMorrison, 2004). Similarly, there is substantial evidence to
serves and in novel ecosystems? This may require a wholihdicate that fertile Terra Preta soils were developed by pre-
new approach to conservation, restoring ecological processeSolumbian native populations in central Amazonia through
and enhancing the quality of landscape matrix surroundinghe addition of large amounts of charred residues, organic
reserves. waste, excrement and bones (Glaser, 2007). Terra Preta
The first approach is to restore ecological processes t&oils also occur in other regions of South America includ-
these degraded landscapes. This requires knowledge of whiarig Ecuador and Peru, in Western Africa (Benin, Liberia)
was there before degradation and the processes that were irand in the savannas of South Africa (Willis et al., 2004).
portant for ecosystem function. These soils, many created over 2000 years ago, contain 70
Currently in conservation practice, a movement is gainingtimes more charcoal than surrounding soils and have greatly
increasing support is one that proposes to restore ecologicanhanced fertility due to high levels of soil organic matter
processes in degraded landscapes through the re-introducti@nd nutrients such as nitrogen, phosphorus, potassium, and
of large herbivores as “ecosystem engineers” (Mera, 1997¢alcium in a landscape of otherwise infertile soils. Terra
2000) Vera (2000), for example, argues that to achieve funcPreta soils occur in small patches averaging 20 ha, but 350 ha
tionality in an ecosystem it is necessary to restore the trophisites have also been reported (Glaser, 2007). Field exper-
structure, namely in the form of large herbivores that wereiments to re-create contemporary Terra Preta in Amazonia
widespread upon the landscape before their numbers wenith charcoal additions between 5-10 Mgfaas increased
greatly reduced through hunting and removal for agriculturalcrops yields up to 220% (Glaser et al., 2006). Interestingly
activities. In the case of European landscapes,Vera (1997n these examples, it is humans who are creating conditions
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necessary for increased biodiversity, indicating that ecologi-alpine species during this interval (Birks and Willis, 2008)
cal processes facilitated by past human management can alsmd identification of pockets of so-called “cryptic” refugia.
contribute to enhancing biodiversity. So how can such information on cold and warm-stage refu-
gia be incorporated into conservation management and plan-
ning? In a recent attempt to identify important areas for con-
servation of ecological processes in Australia, locations of
refugia during previous intervals of aridity were incorporated
into the spatial planning framework in order to determine re-

. ) . gions for conservation (Klein et al., 2009). The interval of
Many of the examples given above illustrate questions re-giry heing examined in this study occurred within the last
lated to processes responsible for maintaining diversity Ofye, gacades but Klein et al. (2009) argued that these areas
ecological timescales. Another important question is how doyqyide the most probable regions of persistence in future in-
we conserve processes responsible for genetic diversity an@a|s of aridity and therefore represent important regions
which is manifest on evolutionary timescales? Conservationg, sonservation. A similar approach could be applied to
of evolutionary processes is essential to maintain the abilitymany regions of the world using palacoecological records
of organisms to continue to adapt and evolve to new circum-g nagt distributions. Such an approach, predominantly fo-
stances (Mace and Purvis, 2008). Although it is impossible;,sed on preserving areas important for species persistence
to pre(_jlct the future cours_e.of evolqtlon, in order to cONservej, the future and on maintaining ecological processes neces-
evolutionary processes, it is thus important to conserve "esary for this persistence, it also likely to preserve longevity

gions that contain high genetic diversity and species/areags gpecies/communities and thus evolutionary processes.
that are phylogenetically distinct (Issac et al., 2007). Pale-

oecological records, in combination with molecular phylo-
genies, have an important role to play in the identification of6 Conclusions
both of these factors.

5 Identification of regions important for evolutionary
processes

Many studies now indicate that regions of greatest genetid/any of the questions regarded as being important to the
conservation of biological diversity require an understand-

diversity and genetically distinctive populations are those;

where plants and animals persisted in cold-stage refugia duf"d ©f the dynamic processes of species and their interac-
ing intervals of climatic perturbations including the Pleis- ions with their environment (Sutherland et al., 2009). But

tocene ice-ages (e.g., Hewitt, 2000; Douglas et al., 2006)§1m0ngst the majority of conservation organisations there is

Often these populations are at the trailing edge of the curren®lill @ lack of appreciation of the relevance of ecological
species distribution and represent relict populations of a forProcesses to conservation planning and there still are few
mer distribution (Hampe and Petit, 2005). It is only through methodologies available to incorporate them into strategic

knowledge of their past distribution in refugia during the onservation planning (see however Pressey et al., 2007,
Pleistocene ice-ages (e.g., Willis et al., 2004; Bhagwat and/€in et al., 2009; Edwards et al., 2010). In addition,
Willis, 2008; Binney et al., 2009) that a detailed understang-datasets recording ecological processes spanning timescales
ing of the spatial extent (and often patchy distribution) of ge- >°0 years are absent from all such methods.
netic diversity can be appreciated (Petit et al., 2008). It also In the ne_xt_ d_ecade V_V'th increased _b'Ot'C/ab'Ot'C changes
interesting to note that several studies now indicate that ther@©CUrTg, it is imperative that ecological and evolutionary
is often no positive correlation between current species diverProcesses are at the forefront of conservation planning rather
sity and genetic diversity; the former tending to be associatedn@n as an after-thought (Pressey et al., 2007; Mace and
with extant suitable habitats (e.g., soil type, moisture avail-PUrvis, 2008). Throughout this paper, we demonstrate that
ability etc.) and the latter with location of glacial refugia and Palaeoecological data are not just descriptive records detail-
routes of postglacial colonization (e.g., Puscas et al., 2008).IN9 Past change, but provide information on ecological and
Another consideration for conservation of evolutionary evolutionary processes that are hlghly r‘?'ev‘?‘”t to manage-
process is the location of “warm-stage” refugia, regions Ofment_of presgnt-day ecosystgms mcIudmg mfprr_natmn on
persistence during interglacial periods. Given future climaticbaselmes’ resnhencg and persustepce, and identifying regions
conditions, location of such refugia may be more impor- with greatest evolutionary potential. Such records provide

tant to ensure the future persistence and genetic diversity of" essential test of predictions and assumptions of ecologi-

. . . . 8al processes that are directly relevant to conservation man-
cool temperate species including many endemic alpine an

. . . . . . agement strategies. But a future research agenda must also
arctic taxa. An important time-interval to examine refugia : : y
o . oo . develop an understanding of ecological processes “beyond
for these species is the mid-Holocene climatic optimum be—the reserves” and for the management of “novel ecosvstems”
tween 8000-6000 cal yr BP when, for example, summers in 9 Y

Northern and Central Europe wer@—2.5°C and winters 1— since this is where much of our biodiversity conservation will

1.5°C warmer than today (Birks, 1988, 2008). Clear spatial need to take place.
differences are apparent in the distribution of many arctic and
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So why are long-term ecological data not routinely incor-  Thompson, D. B. A., British Ecological Society Symposium, 7,
porated into conservation planning for ecological processes? Blackwell Scientific Publications, Oxford, 37-56, 1988.
We suggest that there are currently a number of barriers, ndgirks, H. J. B.: Holocene climate research — progress, paradigms,
least in the ability for presentation and accessibility of long- ~ &nd problems, in: Natural Climate Variability and Global Warm-
term ecological data to non-specialists. New tools for ex- [N9: a Holocene Perspective, edited by: Battarbee, R. W. and
traction, analysis and presentation of paleoecological dat, Binney, H., Wiley-Blackwell, Chichester, 7-57, 2008.

. . . rks, H. J. B. and Willis, K. J.: Alpines, trees, and refugia in Eu-
are needed which present the data in a format that is us- rope, Plant Ecol. Diversity, 1, 147-160, 2008,

able by non-specialists (el.g., Binney et al., 2009). There als%oitani, L., Cowling, R. M., Dublin, H. T., Mace, G. M., Parrish,
needs to be far greater dialogue between the two communi- j_ Possingham, H. P., Pressey, R. L., Rondinini, C., and Wil-
ties in order to develop a clearer understanding of important son, K. A.: Change the IUCN protected area categories to reflect
questions. This should then lead to more focused paleoeco- biodiversity outcomes, PLoS Biology, 6, 436—438, 2008.

logical datasets that provide records on temporal scales anBlond, W. J. and Parr, C. L.: Beyond the forest edge: Ecology, di-
in research regions that are of relevance to conservationists versity and conservation of the grassy biomes, Biol. Conserv.,
(Froyd and Willis, 2008). Finally, we argue that the time is  d0i:10.1016/j.biocon.2009.12.012, in press, 2010.

ripe for the development of a strategic conservation planning3ond, W. J., Silander, J. A., Ranaivonasy, J., and Ratsirarson, J.:
tool that routinely incorporates long-term ecological data in  The antiquity of Madagascar's grasslands and the rise of C-4
order to determine the best regions for conservation of eco- 9"asSY biomes, J. Biogeogr, 35, 1743-1758, 2008,

loaical and evolutionary processes through time Bonsall, M. B. and Hastings, A.: Demographic and environmen-
9 yp 9 ) tal stochasticity in predator-prey metapopulation dynamics, J.

_ Anim. Ecol., 73, 1043-1055, 2004.
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