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Abstract

The present study applies a series of new techniques to understand the conservation of Cerrado tree speciesin the
face of climate change. We applied techniques from the emerging field of ecological niche modeling to devel op afirst-pass
assessment of likely effects of climate change on tree species’ distributions in the Cerrado biome by relating known
occurrence points to el ectronic maps summarizing ecological dimensions. Distributional datarepresent 15,657 records for
162 tree species occurring in Cerrado. By focusing on the trees of oneimportant and highly endemic biome, rather than the
biotaof apalitical unit, wewere ableto focus on devel oping biome-wide projections. Animportant limitation of this study
is that only those species with more than 30 unique occurrence records were used-hence, the study is limited to those
species of relatively broad geographic distribution, and does not take into account those species with narrower geographic
distributions. Global climate change scenarios considered were drawn from the general circulation modelsof HadCM2; we
assessed both a conservative and aless conservative scenario of how climates could change over the next 50 year using the
(Hadley HHGSDX50 and HHGGA X50 scenarios, respectively): HHGSDX50 assumes 0.5%/yr CO2 increase, whereas
HHGGAX50 assumesa 1%/yr CO2 increase. Results of predictionsof present and future distributions varied widely among
species. Present distributional models predicted areas of 655,211-2,287,482 out of the 2,496,230 km? coreareaof Cerradoin
Brazil. All models used to represent species present geographic ranges were highly statistically significant based on
independent test data sets of point localities. Most species were projected to decline seriously in potential distributional
area, with both scenarios anticipating losses of >50% of potential distributional areafor essentially all species. Indeed, out
of 162 species examined, between thetwo climate change scenarios, 18 (HHGSD X 50 scenario) - 56 (HHGGA X 50 scenario)
were predicted to end up without habitable areasin the Cerrado region, and 91 (HHGSDX50 scenario) - 123 (HHGGA X50
scenario) specieswere predicted to decline by morethan 90% in potential distributional areain the Cerrado region. Bearing
in mind the limitations of the method, and considering its explicit assumptions, these results neverthel ess should be cause
for ample concern regarding Cerrado biodiversity. Since only 2.25% of the Cerrado biomeis presently protected, thisfuture
scenario presents a pessimistic forecast, which would likely include widespread species loss from the biome, as well as
dramatic shifts to the south and east, further complicating conservation planning efforts.
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Resumo

Este estudo aplicou técnicas oriundas da emergente
técnicade model agem de nicho ecol 6gi co paradesenvolver
um primeiro passo no entendimento dos ef eitos de mudanca
climatica na distribuicdo de espécies arbéreas do bioma
Cerrado, através do cruzamento de informagdo entre os
pontos de ocorrénciacom coberturas ambientai s resumindo
as dimensdes ecolbgicas para as espécies anaisadas. Os
dados de distribuicdo foram compostos por 15.657 registros
para 162 espécies arbéreasregistradas parao Cerrado. Uma
importante limitacéo deste estudo é que, devido ao processo
de modelagem empregado, o conjunto de dados utilizado
apenas considerou as espécies registradas para 30 ou mais
localidades diferentes, ou sgja, este estudo € limitado para
aquelas espécies com distribuicdo geografica mais ampla,
ndo levando em conta as espécies de distribuicdo mais
restritaou de ocorréncias Unicas. Os modelos de circulacdo
usados foram provenientes do HadCM2, incluindo vérios
cenarios diferentes. Foi utilizado um cenario mais
conservativo e outro menos conservativo em relacéo ao
modo como o climapoderiase alterar nos proximos 50 anos
usando cenarios Hadley HHGSDX50 e HHGGAX50
respectivamente. O cenario HHGSDX50 baseia-se em um
aumento de0,5%/ano de CO2 eo cen&rio HHGGA X 50 basaia-
se em um aumento de 1%/ano de CO2 na atmosfera. O
resultado desta modelagem mostra umareducéo de areade
Cerrado de aproximadamente 25% (utilizando-se o cenério
mais conservativo) e de 90% (utilizando-se 0 cenario menos
conservativo) da érea origina utilizada (2.496.230 Km2).
Todos os modelos utilizados na distribuicdo presente das
espécies foram altamente significativos, baseados em um
conjunto independente de dados de localidades para teste.
Muitas espécies tiveram projecles de declinios em suas
distribui¢des geogréficas, e, paraambos cendrios utilizados,
foram previstas reducfes maiores que 50% para todas as
espécies analisadas. Os casos mais graves foram
observados para 18 espécies (parao cenario HHGGA X50) e
56 (cenario HHGGA X50) que ficaram sem projegdo futura
de &rea habitavel, e 91(HHGGAX50) e 123 (HHGSDX50)
tiveram suadistribuicéo geogréficareduzidaem maisde 90%
daédreaoriginal dessas espécies no bioma Cerrado. Apesar
das limitagBes do método, estes resultados ndo deixam de
ser preocupantes, principalmente pelo fato de hoje o bioma
Cerrado contar apenas com cerca de 2,25% de sua &rea
protegida por unidades de conservacéo, pois aém de
mostrar uma perda de area habitével para muitas espécies,
também mostraum grande desl ocamento de areas habitaveis
em direco ao sul eleste do pais.

Palavras-chave: modelagem de nicho ecol dgico, espécies
arboreas de Cerrado; mudangas climaticas

I ntroduction

Cerrado, asthe Brazilian savannavegetationiscalled,
coversabout 2 x 10°km? of Central Brazil, representing about
23% of the land surface of the country (roughly about the
sizeof Western Europe) (Ratter et al., 1997). Intermsof area,
it is exceeded only by one vegetation formation in Brazil,
the Amazon forest, which coversabout 3.5 x 10° km?. Cerrado
vegetation is quite variable in physiognomy, ranging from
tall savanna woodland with an almost-closed canopy, to
much sparser shrubby forms and even treeless grassland
(Eiten, 1992).

Over thelast 30 yr or so, the Cerrado region has been
transformed by rapid expansion of intensive agriculture;
according to Myers et a. (2000), only 20% of the original
area remains the primary vegetation. This situation is of
great concern because this biome is rich in endemic spe-
cies; indeed, for plants, endemism reaches 44% of thetotal
of 10,000 species (Myers et a. 2000). This high level of
endemism was an important reason in the inclusion of
Cerrado in the list of world-wide hotspots for biodiversity
(Mittermeier 1999). On top of these concerns, climate change
effectsacross Brazil are projected to be significant—taking
the average of two low-to-middle-strength climate change
scenarios from the Hadley Center (HHGGAX50 and
HHGSDX50), temperatureisprojected toincrease by asmuch
as 23% and precipitation to decrease by as much as 24%
acrossthe country—these rather alarming figures beg some
investigation of how changing climates are likely to affect
Brazil’shiodiversity.

The present study applies a series of new techniques
to the challenge of building a better understanding of the
present and potential future geographic distributions of
Cerrado vegetation, and possible implications for conser-
vation in the face of climate change. Specifically, beyond
the present challenge of conserving Cerrado vegetation in
theface of increasing agricultural activities, climate change
presents aseries of new—and very worrisome—challenges.
Techniquesfrom theemerging field of ecological nichemod-
eling are applied to permit development of afirst-pass as-
sessment of likely effects of climate change on tree species
distributionsin the Cerrado biome.

M ethods

The genera approach to modeling climate change
effects on biodiversity is developed in detail elsewhere
(Peterson et al. 2001, Peterson et a. 2002b), asarethedetails
of the algorithm used for modeling species ecological
niches (Stockwell & Noble 1992, Stockwell 1999, Stockwel |
& Peters 1999). Previous tests of the predictive ability of
this modeling technique for diverse phenomenain various
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regions have been published el sewhere (Peterson & Cohoon
1999, Peterson et a. 1999, Peterson 2001, Anderson et .
20023, b, Feria & Peterson 2002, Peterson et al. 2002a,
Peterson et al. 2002c, Peterson et al. 2002d, Stockwell &
Peterson 20023, b, Anderson et al. 2003, Peterson et a. in
press-a, Peterson et al. in press-b). Tests of the application
of these techniques to woody plants in South America, in-
cluding 6 of the speciestreated herein, were highly statisti-
cally significantly better than random models. (Koch et al.
Submitted).

Data on distributions and ecol ogical dimensions.—
Distributional datarepresenting 15,657 records(i.e., unique
speciesx | atitude-longitude combinations) for 162 tree spe-
ciesoccurring in Cerrado (sensu lato) were assembled from
the Projeto de Cooperacéo Técnica Conservacao e Mangjo
da Biodiversidade do Bioma Cerrado — EMBRAPA
Cerrados—UnB —Ibama/DFID e RBGE/Reino Unido. The
distributional information was originally obtained via the
method of wide patrolling (Koch et a. Submitted), which
involves coordinated sweeps, recording observed species
presences, and with collections made when species are not
recognized, or when identification is doubtful. Species en-
countered wererecorded in 15 minintervalsto permit devel-
opment of speciesaccumulation curves. Inall, 383 localities
in Cerrado were sampled, and atotal of 966 speciesidenti-
fied.

Animportant limitation of thisstudy isthat only those
speciesfor which >30 unique occurrencerecordswere avail -
able—hence, the study considers only those species of
relatively broad geographic distribution, and does not take
into account specieswith narrower geographic distributions.
Environmental dataincluded 9 electronic map layers sum-
marizing slope, aspect, and upward curvature (“topoind”)
(from the U.S. Geological Survey's (http://
edcdaac.usgs.gov/gtopo30/hydro/) Hydro-1K data set), and
aspectsof climateincluding diurnal temperature range; mean
annual precipitation; maximum, minimum, and mean annual
temperatures; and vapor pressure (annua means 1960-1990;
from the Intergovernmental Panel on Climate Change (http:/
ww.ipce.ch).

Scenarios of climate change—The general circula
tion models used were HadCM2 (Koch et al. Submitted);
each of these climate models includes several scenarios.
We assessed both a conservative and a less conservative
view of how climates could change over thenext 50 yr using
the Hadley HHGSD X 50 and HHGGA X 50 scenarios (http://
ipcc-ddc.cru.uea.ac.uk/cru_data/examine/
HadCM2_info.html). The HHGSDX50 scenario assumes
0.5%/yr CO, increase (1S92d), and incorporates sulphate
aerosol forcing, making it arelatively conservative estimate
of climate change. The HHGGA X 50 scenario assumesa 1%/
yr CO, increase (1S92a) and does not allow for the effects of
sulfate aerosols, and so is less conservative. Results are
based on a30yr average around 2055 (2040-2069), and there-

fore our models do not take into account the potential ef-
fectsof increased climate variability (EI Nifio events, in par-
ticular) on species’ distributions.

The future projected climate data are provided at a
spatial resolution of 2.5x 3.75° (Carson 1999). Toimprove
spatial resolution, however, following recommended meth-
odologies (http://www.ipcc.ch/), we calculated expected
changesin each climate variablefor each scenario and each
of therelatively coarse pixelsviasubtraction of futurefrom
present model results. These difference maps were then
applied to themore detailed (0.5 x 0.5° cells) IPCC current
climate data layers, which are developed and provided by
the same organism, and which are intended to be parallel
and consistent with the climate-model projections.

Ecological niche modeling and dispersal assump-
tions—The ecological niche of aspecies can be defined as
the conjunction of ecological conditionswithinwhichitis
ableto maintain popul ations without immigration (Grinnell
1917, Holt & Gaines 1992); assuch, itisdefined inmultidi-
mensional ecological/environmental space (MacArthur
1972). Several approaches have been used to approximate
species’ ecological niches (Austin et al. 1990); of these, the
most robust appears to be the Genetic Algorithm for Rule-
set Prediction (GARP), which includes severa inferential
approachesin an iterative, artificial-intelligence-based ap-
proach (Stockwell & Peters 1999).

All modeling in this study was carried out on adesk-
top implementation of GARP now available publicly for
download (http://beta.lifemapper.org/desktopgarp/). Avail-
able occurrence points are divided evenly into training and
test data sets. GARP is designed to work based on pres-
ence-only data; absencesareincluded in the modeling exer-
cise via sampling of pseudoabsence points from the set of
pixel swherethe specieshas not been detected. GARPworks
in an iterative process of rule selection, evaluation, testing,
and incorporation or rejection: first, a method is chosen
from a set of possibilities (e.g., logistic regression, biocli-
matic rules), and then is applied to the training data and a
rule developed; rules may evolve by a number of means
(e.g., truncation, point changes, crossing-over among rules)
to maximize predictivity. Predictive accuracy isthen evalu-
ated based on 1250 points resampled from the test data and
1250 points sampled randomly from the study region as a
whole. The change in predictive accuracy from one itera-
tion to the next is used to eval uate whether a particular rule
should be incorporated into the model, and the agorithm
runseither 1000 iterations or until convergence.

Ecological niche models developed with GARP can
be projected onto both current and modeled future land-
scapes. Projection onto the current landscape provides an
estimate of present-day geographic distribution of suitable
conditions. GARP models consist of an ordered seriesof if-
then statements that predict either presence or absence;
these statements can be applied to the transformed land-
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scapes to identify areas of potential distribution for a spe-
cies after the model ed sequences of environmental change.

We thus synthesized the pre- and post-change maps
for each species by measuring potential distributional area
under assumptions regarding dispersal ability. Unlike pre-
vious studies (Peterson et a. 2001, Peterson et al. 2002b),
giventheminimal dispersal abilities of tree speciesover the
short time span in which drastic climate changes are ex-
pected, only a single dispersal assumption was examined.
We assumed that specieswere unableto disperse and would
inhabit only those portions of present distributional areas
that remain habitable (i.e., the modeled actual distribution
was reduced to those areas predicted to be habitable post
change). Overal, these analyses assume no evolution in
niche characteristics (Peterson et al. 1999), and do not take
into account interactions among species such as competi-
tion, predation, etc. Given the diverse conditions present
acrossthe geographic distribution of the Cerrado, our mod-
els appear not to be extrapolating beyond the environmen-
tal conditions on which they werefitted; regardless, though,
the predictivity of this approach has proven quite high
(Peterson et a. 1999, Martinez-Meyer 2002).

To trandate distributional patterns into target areas
for conservation, we used a heuristic complementarity ap-
proach based on interpolated geographic distributions that
we have developed in detail elsewhere (Egbert et al. 1998,
Godown & Peterson 2000, Peterson et al. 2000, Chen &
Peterson 2002). The approach is based on the principle of
complementarity among areas (Myers 1988, Dinerstein and
Wikramanayake 1993, Lomolino 1994, Csuti et a. 1997). Al-
though complex, globally optimal approaches have been
developed (Csuti et a. 1997), we use a simpler heuristic
approach owing to the very large number of pixelsthat are
prioritized in our application (~85,000). Here, aninitial step
consists of summing species’ distributions to identify the
areaof maximum speciesrichness; speciesoccurringinthis
areaareidentified, and eliminated from further analysis. The
remaining species are summed, the area representing their
peak richnessidentified, and the process continues until no
additional areas of richness >1 species can be identified.

Results

Results of predictions of present and future distribu-
tions varied widely among species. Present distributional
models predicted areas of 655,211-2,287,482 out of the
2,496,230 knm? core areaof Cerrado in Brazil (reflecting the
fact that relatively broadly distributed species form the ba-
sis for this study). All models used to represent species
present geographic ranges were highly statistically signifi-
cant based on independent test data sets of point localities
(chi-sguare tests, df = 1, P << 0.05). Example species are
shown in Figure 1: many of the species examined are pre-

dicted to be distributed broadly throughout the Cerrado
region.

Projections of potential distributional areasfor these
speciesin 2055 (Figure 1), based on two scenarios of global
climate change, indicate serious anticipated effects on
Cerrado treediversity in coming decades. The speciesrich-
ness peak issingular at present, with aregion of maximum
model ed speciesrichnessin northeastern Goiés, Brazil (Fig-
ure 2). This peak disappears, and breaks up into a broader,
more scattered series of moderate-diversity peaks, under
both future scenarios (Figure 2).

Most species were projected to decline seriously in
potential distributional area (Figure 3), more seriously soin
the HHGGA X 50 scenario thaninthe HHGSD X 50 scenario.
In both cases, our models anticipate losses of >50% of po-
tential distributional areafor essentially all species. Indeed,
out of 162 speciesexamined, 18 (HHGSDX 50 scenario) —56
(HHGGA X 50 scenario) were predicted to end up without
habitable areasin the Cerrado region (extinctionin Cerrado),
and 91 (HHGSDX50 scenario) — 123 (HHGGA X 50 scenario)
specieswere predicted to decline by >90% in potential dis-
tributional areain the Cerrado region. Aninteresting ques-
tioniswhether current distributional areaof speciesisat all
related to severity of climate change effects on potential
distributional area(i.e., isdistributional arearelated to vul-
nerability to climate change effects): no significant associa-
tion was found (linear regression, R? = 0.038, P >> 0.05;
Figure 4), which suggests that restricted-range species are
not necessarily more vulnerable to climate change effects;
still, it should be noted that this analysis does not include
species with very small geographic distributions.

Current modeled species diversity among Cerrado
treeshad avery simple, single-peak distribution (Figure 2).
In the sense of area-selection for conservation, this distri-
bution leadsto avery smplesolution: asinglesitein north-
eastern Goiés, Brazil (of course, abroader suite of areasis
merited as a safety net for avoidance of disasters, represen-
tation of genetic diversity within species, etc.) (Figure 5).
However, the pictureis quite different as species ecologi-
cal needsare projected into thefuture: the single peak breaks
up into several that follow the southern and eastern fringe
of the present distribution of Cerrado (Figure 2). Selection
of areasthat are maximally complementary in thetwo future
scenarios (Figure 5) confirms this revised view of priority
areas. inthe HHGSDX50 scenario, thefirst 5 areas sel ected
included 141 out of the 145 species (87, 38, 7, 6, and 3 spe-
cies, respectively) not predicted to go extinct in the Cerrado,
and extended from the Paraguay border in the south, north
and east to an areain western Bahia. The general geographic
picture was similar in the HHGGAX50 scenario, but only
103 of the 108 remaining species (63, 32, and 8 species) were
included in the first 3 areas (subsequent to 3 areas, no spe-
cies had overlapping distributional areas).

http:/Awww.biotaneotropica.org.br


http://www.biotaneotropica.org.br

Siqueira, M. F. & Peterson, A. T. - Biota Neotropica, v3 (n2) - BN00803022003 5

Figure 1. Examples of predictions of present (1961-1990) and future (2055) distributions of cerrado tree species. Present distributions are
depicted as a surface of increasing confidence in prediction of presence in darker colors of red. That part of the distribution predicted at highest
confidence levels (all best-subsets models agree) that is projected to remain habitable in 2055 (HHGSDX50 scenario) is colored blue, and that
portion projected to remain habitable in 2055 (HHGGAX50 scenario) is colored pink. As these the area predicted present at highest level by
the HHGSDX50 scenario is a subset of that area predicted at present, and the area predicted at highest level by the HHGGAX50 scenario is
a subset of the area in the HHGSDX50 scenario, colors are overlapped in a single map. Species are as follows: upper left — Qualea grandiflora,
upper right Acosmium subelegans, lower left Qualea parviflora, and lower right Rapanea guianensis.
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Figure 2. Patterns of predicted species richness among the 162 species of cerrado trees analyzed in the core distributional area of cerrado in
central and eastern Brazl. Top, present (1961-1990); middle, HHGSDX50 (conservative) climate change scenario; and bottom, HHGGAX50
(less conservative) climate change scenario.
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Figure 5. Prioritization of areas for conservation in the face of changing climates, based on two scenarios of global climate change:
HHGSDX50 (top) and HHGGAXS50 (bottom). The surface of present modeled species richness is shown as a color ramp of increasingly dark
shades of red, with the area of peak modeled richness (162 species) shaded pink. Areas that represent optimal areas in a complementarity
algorithm are outlined and overlaid. For DX, area 1 (blue circle indicates approximate position), 87 species; area 2 (green area at southern
extreme, 38 species; area 3 (pink outline), 7 species; area 4 (yellow outline), 6 species; and area 5 (white outline), 3 species. For AX, area 1
(blue circle), 63 species; area 2 (green outline), 32 species;, and area 3 (pink outline), 8 species.
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Figure 6. Illustration of the contrasts between modeled potential geographic distribution of cerrado tree species (light gray = 1-80 species,
lightest red = 81-120 species, light red = 121-140 species, red >140 species) and the actual distribution of patches of the vegetation type (data
from Sistema de Informagdo Ambiental do Programa BIOTA- FAPESP, http://sinbiota.cria.org.br).
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Discussion

This study represents one of few broad-spectrum
surveysof anticipated climate change effectson biodiversity
at the specieslevel carried out to date (Bakkeneset al. 2002,
Erasmuset al. 2002, Peterson et al. 2002b). By focusing on
thetreesof one biome, which has extremely high endemism
(44%) among plant taxa (Myerset. al. 2000), rather than the
biotaof apolitical unit (Peterson et a. 2002b), weareableto
focus on biome-wide projections, and this study hasimme-
diateimplicationsfor thebroader biodiversity of the Cerrado.
However, thismodeling and projection exercise haslimita-
tions, which should be reviewed before the biological and
conservation implications are considered.

Limitations of climate change projections for
Cerrado trees—Theprincipal limitation in the devel opment
of climate change projections for species’ geographic dis-
tributions is the availability of fine-grained future climate
models. The modeled climate data used herein had anative
spatial resolution of 2.5 x 3.75° (Carson 1999), which we
downscaled crudely to 0.5 x 0.5° via application of change
scenariosto finer-resol ution present-day climate maps. Nev-
ertheless, even the 0.5° resolution is unsatisfactory for de-
tailed consideration of species distributions. A clear and
pressing solution to this challenge is that of shifting distri-
butional modeling efforts to be based on regional (not glo-
bal) climatemodels(e.g., VEMAP- http://www.cgd.ucar.edu/
vemap/) that can provide better spatial resolution.

A second important limitation of thisimplementation
of climate change projections for species’ distributions is
that of the availability of point-occurrence information for
species outside of the Cerrado biome. That is, our models
have the potential to underestimate the breadth of species’
ecological niches because conspecific populationsin other
biomes were not generally represented in our point-occur-
rence data set. Although tests of this complication for 3
speciesfor which information was availableindicated excel -
lent predictions of entire distributions of species from the
Cerrado occurrence data (Siqueiraunpubl. data), this prob-
lem must be borne in mind as potentially serious.

Our approach also does not take into consideration
other factorsthat may affect ecological and geographic dis-
tributions of species, including interactionswith other spe-
cies (e.g., competitors, pollinators, predators, pathogens),
which under certain circumstances may play important roles
in shaping distributions (Davis et al. 1998). Other factors,
such asdispersal ahility, weretreated here under restrictive
assumptions (i.e., no dispersal ability). Recent information
regarding natural history and basic biology (Oliveira &
Marquis2002, Oliveira& Gibbs2002) of most Cerradowoody
plants (Ratter et al. 1996) makes possible amore informed
interpretation of the results and patterns that we found—
such information should be taken into account in the devel -

opment of conservation strategies based on our data and
results.

Another important consideration isthe changing pic-
ture of land use, and its interactions with climate change
effects on species’ distributions. Sala et al. (2000), for ex-
ample, considered evolving land use patternsto have much
more immediate effects on species’ distributional patterns
than climate change per se, and afew studies have attempted
to consider both factors simultaneously (Bethke & Nudds
1995, Benning et al. 2002). Although such factorsclearly are
important—evolving patterns of land use in the face of
changing climateswill certainly definethefine-scalelimite-
tionson distributional patterns of natural vegetation—they
will, nevertheless operate within the framework of possi-
bilities assessed in the present study.

This study was based on Cerrado tree species for
which large samples (>30) of unique point occurrenceswere
available. Thislimitation, which was based on samplesizes
generally necessary for high-quality distributional predic-
tions (Stockwell & Peterson 2002b), necessarily limited our
analyses to species with relatively broad distributions. Al-
though explorations are underway to develop a solution to
this complication (Peterson et al., unpubl. data), this prob-
lem is of particular concern in the present application, as
many speci es (~30%) are known from single sitesonly.

Finally, the present study was developed in terms of
before-and-after potential distributional areasonly. Clearly,
a decade-by-decade picture of the shifts anticipated herein
would provide much-improved detail regarding changesto
be expected. Moreover, the high degree of fragmentation of
Cerrado and related habitats could not be taken into con-
sideration given the temporally heterogeneous nature of
the occurrenceinformation and the lack of before-and-after
views of land use patternsin the Cerrado biome. The actual
fragmentation of Cerrado vegetation in Brazil is of great
concern and in S&o Paulo State it is extreme (Figure 6), so
the broad-scale analyses developed herein will eventually
have to be interpreted in the view of present land-use pat-
terns.

Comparison with Mexico.—This study was devel-
oped using methods and data sets directly comparable to
those used in arecent survey of climate change effects on
sectors of biodiversity (birds, mammals, butterflies) in
Mexico (Peterson et a. 2002b). Mexicoisavery mountain-
ous country, whereas the Cerrado region ismuch moreflat.
Other studies with these methodol ogies and data sets have
noted striking contrasts in climate change effects on spe-
cies distributions depending on such topographic contrasts
(Peterson 2003). Although the taxa involved are not the
same, in the sense of understanding this relatively new
methodol ogy and itsimplicationsand sensibilities, the strik-
ing contrast of distributional consequences is worthy of
comment.
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In the Mexican analyses, most species lost little
(<50%) of their potential distributional area, even under the
relatively harsh ‘no dispersal’ assumption employed in the
Cerrado tree analyses. This result stands in contrast to the
Cerrado tree results, in which speciesinvariably lost much
more than 50% of their distributional areas. A commonality
is that in both sets of analyses, species distributional re-
sponsesto climate change were not simple and predictable,
emphasizing the idiosyncratic nature of species responses
to climate change (Bakkeneset a. 2002, Peterson et al. 2002b)
and theinadequacy of broad-brush, biome-level projections
(Chapin et al. 2000). The contrast in severity of results points
strongly towards the differences in severity of climate
change effects on biodiversity between mountainous re-
gions and flatlands regions that has been pointed out el se-
where (Peterson 2003)—flatlands regions (such as the
Cerrado ) are, in the end, much more vulnerable to broad-
scale horizontal translations of habitable areas for species.

Implications for Cerrado conservation.—Since the
1960s, Cerrado has been under intense pressure from broad
agricultural expansion (Klink et al. 1993). Injust 15yr, the
spatial extent of human activity in the Cerrado rose from
29% (1985) to 50% (2000) (Nepstad et al. 1997). In spite of
large areas of Cerrado remaining in central Brazil, the in-
creasing pressure on this ecosystem is of particular con-
cern because the biome is underrepresented among Brazil-
ian protected areas. In fact, only 2.25% (considering con-
servation units of direct and indirect use) of the origina
area of the biome occurs in protected areas (Ministério do
Meio Ambiente 1998). However, to achieve abetter level of
protection for Cerrado, it is necessary to take into account
that it is so extense, so heterogeneous, and so rich in rare
species (Ratter et. al. 2002). Hence, the area presently pre-
served must be expanded to include the various floristic
sub-provinces within the biome. This within-biome varia-
tion is little appreciable in the present study owing to the
generally broad distributions of the taxa studied.

In terms of present speciesrichness, a“coreared’ of
the Cerrado can easily beidentified in central Brazil (Ratter
eta. 2002). Although thisareaisgenerally considered to be
richer in species than periphera areas, results from the
Conservacdo e Manejo daBiodivers dade do Bioma Cerrado
project show that some peripheral Cerrado areas (drainage
areas of the rivers Araguaia, Tocantins, and Xingu, and
areas of the Cerrado in S8o Paulo State) may equal or even
exceed the diversity present in core areas. Unfortunately,
several of these peripheral areas are now severely per-
turbed—in S&o Paulo, only 0.95% of the original extent of
Cerrado remains intact (Kronka et a. 1998), which is cer-
tainly having implicationsin termsof genetic variability and
demographic viability of some populations.

The present study presents afurther complication in
such considerations. What is today the diversity peak,
roughly corresponding to the core areas that have been

identified previoudly, is not expected to continue to be a
diversity peak in coming decades. Rather, if our model pro-
jections are even close to being reasonable, conservation
in the Cerrado will become a considerably more complex
endeavor—numerous peripheral areas will have to be con-
sidered in order to include even a moderate portion of
Cerradotreediversity.

The Workshop of Priority Areasfor Conservationin
the Cerrado Region (Brasil 1999) identified 87 important ar-
easfor conservation, of which morethen 30 represent areas
south and southeast of the present distribution pattern of
the cerrado. Cavalcanti & Joly (2002) presented several
methods and respective resultsfor identifying prioritiesfor
biodiversity conservation in the cerrado region. The au-
thors consider that if only about 20% of the cerrado is still
undisturbed, then it would be areasonable goal to preserve
at least 10% of the biome. In this context, we hope that our
results serve to bolster the argument to focus attention on
areas south and southeast of the present diversity peaksin
the Cerrado. These areas, while highly fragmented and oc-
cupied by agriculture and urban expansion (Cavalcanti &
Joly 2002), may nevertheless be key in future conservation
of the Cerrado, if the climate change projections become
redlity.
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