
ORI GIN AL PA PER

Climate change and the outdoor regional living plant
collections: an example from mainland Portugal

Tiago Monteiro-Henriques • M. Dalila Espı́rito-Santo

Received: 20 August 2009 / Accepted: 10 May 2010 / Published online: 20 May 2010
� Springer Science+Business Media B.V. 2010

Abstract Climate change threatens not only plant species occurring naturally, but also

impacts on regional living plant collections, which play an important role in ex situ

conservation strategies. In the last few years, several global circulation models have been

used to predict different global climate change scenarios. Due to their coarse resolutions,

and while more detailed regional approaches are not available, downscaling techniques

have been proposed, as a very simple first approach to increase detail. We analysed seven

sites on mainland Portugal with potential for species conservation (four botanic gardens

and three universities), in the light of downscaled climate change scenarios, using an

environmental envelope approach and a predefined bioclimatic neighbourhood for each

site. Thresholds for the bioclimatic neighbourhood were based on Rivas-Martı́nez’s Bio-

climatic Classification of the Earth. For each site, the expected geographical shift of its

original bioclimatic neighbourhood (1950–2000) was mapped for 2020, 2050 and 2080.

Analysing those shifts enabled us to delineate knowledge-transfer paths between sites,

according to the analysed scenarios. We concluded that, according to the Intergovern-

mental Panel on Climate Change A2 scenario, all considered sites will be outside the

predefined bioclimatic neighbourhood by 2080, while according to the B2 scenario all of

them will be inside that neighbourhood, although sometimes marginally so. Therefore, the

implementation of global sustainability measures as considered in the B2 scenario family

can be of great importance in order to delay significantly the impacts of climate change,

giving extra time for the adaptation of the outdoor regional living plant collections.
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Introduction

Several studies point out that climate change can threaten numerous plant species (Davis

and Shaw 2001; Thuiller et al. 2005), illustrating the importance of ex situ conservation

strategies to ensure persistence of biodiversity in the long term. However, changes in

climate due to global warming are already taking place locally and globally, being

imperative to improve our understanding of how future climate will affect biodiversity

(Araújo and Rahbek 2006; Botkin et al. 2007).

Climate is undoubtedly the key limiting factor of species distributions at macroecological

scales (Box 1981; Woodward and Williams 1987), therefore, models based on the present

relationships between climate and species are expected to supply a first approach to predict

the impacts of climate change on species distributions, although several limitations are

known and must be taken into account (Pearson and Dawson 2003, 2004; Hampe 2004;

Araújo et al. 2005a, b; Araújo and Luoto 2007; Brook et al. 2008; Fitzpatrick and Hargrove

2009; Felton et al. 2009).

One of the most striking limitations of current species–climate predictions is the fact

that migration and land-use interactions are not fully taken into account in such models

(Thuiller et al. 2008). The complexity of migration processes, dependent on a great number

of fundamental variables, discourages their proper treatment. However, as human presence

has significantly fragmented natural spaces in certain regions, species’ movements might

already be compromised; consequently, discussion on managed migration has been started

(McLachlan et al. 2007; Chapin III et al. 2007). The matter is controversial (Hunter 2007;

Holmes 2007; Mueller and Hellmann 2008; Appell 2009) although it is a possible last-

alternative for biodiversity conservation, in tight dependence of correctly implemented

ex situ conservation strategies (Hannah 2008; Richardson et al. 2009).

Botanic gardens have long been relevant in ex situ conservation, maintaining seed banks

and living plant collections, actively participating in the conservation of threatened species

and in species recovery programmes (see Guerrant and Pavlik 1997, for some examples). Of

crucial importance is the establishment of collections of living plants coming from the same

region where the garden is located (regional living plant collections), where a greater success

in the species fostering and maintenance is expected. This practice is encouraged by the Global

Strategy for Plant Conservation, which grew out of the Convention on Biological Diversity.

Target viii of the referred Strategy recommends that at least 60% of threatened plant species

should be accessible in ex situ collections, preferably in their home country (Secretariat of the

Convention on Biological Diversity 2003). Pyšek et al. (2009, p. 52) calculated that the greater

part (39.9%) of naturalised plant taxa in Europe were firstly used as ornamental plants;

therefore, regional collections are also most appropriate for botanic gardens within natural

areas, where the use of exotic plants represents an additional risk, as they can become invasive.

Global warming will affect not only the naturally occurring communities but also

outdoor regional living plant collections can suffer its consequences. With the present

study, we intended to assess the magnitude of future climate change, according to the

available climate change scenarios, focusing on the existing Portuguese outdoor regional

living plant collections with potential to take part in ex situ conservation strategies.

Methods

Seven sites within mainland Portugal, with potential to realize ex situ conservation, have

been chosen (four botanic gardens and three universities), namely: (1) Vila Real (Jardim
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Botânico da Universidade de Trás-os-Montes e Alto Douro—JBUTAD); (2) Oporto

(Jardim Botânico da Universidade do Porto—JBUP); (3) Coimbra (Jardim Botânico da

Universidade de Coimbra—JBUC); (4) Lisbon (Jardim Botânico da Ajuda and Jardim

Botânico da Universidade de Lisboa—JBA); (5) Castelo Branco (Escola Superior Agrária,

Instituto Politécnico de Castelo Branco—ESACB); (6) Évora (Universidade de Évora,

Mitra—UE); (7) Faro (Universidade do Algarve—UA). For convenience, all sites will be

referred to as botanical collections within this text. These sites should ensure a good

coverage of the bioclimatic conditions present in mainland Portugal.

Three bioclimatic indices with known influence on vegetation (Gavilán 2005) were

calculated for mainland Portugal: Compensated Thermicity Index (CTI), Ombrothermic

Index (OI), and Simple Continentality Index (SCI); see Rivas-Martı́nez (2007) and below

for further information.

All calculations were done using Map Algebra instructions within ESRI ArcMapTM 9.2

SP5 geographical information system. Base data employed for indices calculations were

downloaded from WorldClim data portal (Hijmans et al. 2006) where high resolution data for

‘current’ (1950–2000) climatic conditions (Hijmans et al. 2005) and downscaled future

global climate change scenarios are available. Downscaling techniques have been suggested

as a simple first approach to increase detail while high resolution regional approaches are not

available. Downscaling procedures relied on ‘current’ WorldClim data for calibration; full

description and limitations are presented in Hijmans et al. (2006). The WorldClim data portal

provides only A2 and B2 emission scenarios, for 2020, 2050 and 2080 as calculated for the

Third IPCC Assessment Report of the Intergovernmental Panel on Climate Change in 2001.

Both A2 and B2 scenario families describe heterogeneous worlds with a continuously

increasing global population and regionally oriented economies; the former with higher

population growth rate and slower technological changes; the latter more oriented toward

environmental protection and social equity (Intergovernmental Panel on Climate Change

2000). In the present work we used ‘current’, A2 and B2 available scenarios as calculated

by the Hadley Centre for Climate Prediction and Research.

A central coordinate was determined for each of the seven chosen sites and the referred

calculated bioclimatic indices were then collected for each of these sites (see Table 1). A

bioclimatic envelope was defined for each site as explained below, taking into account the

three indices proposed in the World Bioclimatic Classification of Rivas-Martı́nez

(WBCRM, Rivas-Martı́nez 2007):

CTI results from the sum of annual mean temperature, the mean maximum temperature

of the coldest month and the mean minimum temperature of the coldest month (Rivas-

Table 1 Coordinates (ETRS89) of the seven sites and respective bioclimatic indices for ‘current’ condi-
tions (1950–2000) according to (Hijmans et al. 2005)

Sites X Y OI Ln(OI) CTI SCI

JBUTAD -7.740 41.287 6.9 1.93 272.9 15.0

JBUP -8.644 41.153 6.8 1.92 332.6 10.1

JBUC -8.421 40.206 4.9 1.60 359.8 12.3

JBA -9.201 38.706 3.7 1.32 388.2 10.9

ESACB -7.461 39.822 4.5 1.50 320.4 16.5

UE -8.014 38.531 3.2 1.15 361.3 13.6

UA -7.924 37.027 2.4 0.89 408.5 11.6

For explanations of the abbreviations, see text
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Martı́nez 2007), thereby incorporating information about low temperatures, which are

known to be of great relevance for plant distributions (Woodward and Williams 1987).

Rivas-Martı́nez (2007) defines thermotypes as classes of CTI since, generally, the change

in CTI between each thermotype is enough to produce a considerable change in vegetation.

On average, each thermotype class corresponds to an interval of 115 of CTI. Consequently,

for the establishment of the bioclimatic envelope 57.5 was added and subtracted to the

value of CTI found, for the ‘current’ conditions at each site.

OI is calculated dividing positive precipitation (sum of mean monthly precipitations, for

months with positive mean temperature) by positive temperature (sum of the positive

monthly mean temperatures) (Rivas-Martı́nez 2007). The ombrothermic index is used in

the WBCRM to define ombrotypes. The ombrotype classes have an exponential adjustment

(R2 = 0.9961), therefore, in order to define the environmental envelope, the natural log-

arithm of OI was used instead. Each ombrotype corresponds to a mean interval of 0.68 of

ln(OI) (see Rivas-Martı́nez 2007). This value was used to define the range of the biocli-

matic envelope around the OI values found for the ‘current’ conditions at each site.

Similarly, SCI (the difference between mean temperatures of the hottest and the coldest

months) is used to define continentality classes by Rivas-Martı́nez (2007). Each conti-

nentality subtype, of those present in the Iberian Peninsula, covers four units of SCI, on

average. This value was also used to define the range of the bioclimatic envelope.

In conclusion, for each botanic garden an original bioclimatic envelope of ±57.5 CTI,

±0.34 ln(OI) and ±2 SCI was defined for ‘current’ climatic conditions, as calculated by

Hijmans et al. (2005) (see Fig. 1).

These bioclimatic envelopes are a rectilinear or boxcar type (see Guisan and Zim-

mermann 2000) similar to BIOCLIM proposed by Nix (1986) and Busby (1991), although

not using the percentiles proposed by those authors in order to improve species distribution

modelling results.

Each defined envelope was then located spatially using the maps of bioclimatic indices

calculated both for ‘current’ conditions and for the referred future climate change scenarios

using simple Map Algebra instructions within ESRI ArcMapTM 9.2 SP5 geographical

information system.

Results

Figure 2 shows the spatial distribution of the defined bioclimatic envelopes for ‘current’

and for future (2020, 2050, 2080) conditions as predicted according to the A2 emission

Fig. 1 Schematic representation
of the bioclimatic envelope used.
The central point corresponds to
the central coordinate (CTI,
ln(OI) and SCI) for each
botanical collection, as calculated
by Hijmans et al. (2005) for
‘current’ conditions
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scenario. In Fig. 3, the spatial distribution of the same bioclimatic envelopes for ‘current’

and for future (2020, 2050, 2080) conditions under the scenario B2 are shown.

By evaluating Fig. 2, which refers to scenario A2, it is possible to ascertain that all

studied sites stay within the predicted areas of their original bioclimatic envelopes until

2050. In contrast, all of them are outside the predicted areas in 2080. Conversely, in Fig. 3

it is possible to observe that all studied sites remained within their original bioclimatic

envelope until 2080, although some of them occupy a marginal position in the predicted

areas in 2080.

Observing which botanical collections are included in each predicted area enable the

definition of knowledge-transfer paths among institutions (e.g. better-suited species, spe-

cific cultivation techniques for each species, watering/drainage needs, etc.). An exercise of

knowledge-transfer between the studied sites for the A2 scenario was performed (see

Fig. 4) using the following rules: (1) a knowledge-transfer arrow was added to the graph

Fig. 2 Spatial representation of the defined bioclimatic envelopes (grey areas) for each considered
botanical collection for ‘current’ conditions and for future scenario A2. Stars represent the botanical
collection in question (within each column). Circles represent all the other botanical collections. Symbols
are filled when included in the predicted areas, otherwise are empty. ETRS89 projected according to the
Instituto Geográfico Português parameters. � EuroGeographics for the administrative boundaries
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when the successive predicted area included a new site (in relation to ‘current’ conditions);

(2) a knowledge-transfer arrow was also added between a site and itself, but only if the site

was included in the successive predicted area. Considering the B2 scenario all sites remain

inside their original bioclimatic envelope until 2080, thus setting knowledge-transfer paths

becomes less relevant. Considering the obtained knowledge-transfer graph (Fig. 4), it is

worth realizing that for JBUTAD, JBUP and UE it was not possible to establish any

knowledge-transfer path between 2050 and 2080 for the A2 scenario. That was expected

for JBUTAD and JBUP as both of these sites are located in the northern part of mainland

Portugal, and the expected northward shift of the depicted areas could determine the

displacement of present climatic condition to the Spanish region of Galicia. The case of

Évora (UE) is more prominent: its central position in the environmentally homogeneous

southern Portugal resulted in the largest area depicted for ‘current’ conditions; however,

this area is extremely reduced by 2080 (also according to the B2 scenario predictions), and

the expected northward shift seems much greater than for other studied sites.

Fig. 3 Spatial representation of the defined bioclimatic envelopes (grey areas) for each considered
botanical collection for ‘current’ conditions and for future scenario B2. Stars represent the botanical
collection in question (within each column). Circles represent all the other botanical collections. Symbols
are filled when included in the predicted areas, otherwise are empty. ETRS89 projected according to the
Instituto Geográfico Português parameters. � EuroGeographics for the administrative boundaries
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Discussion

Both A2 and B2 scenarios showed area shifts towards higher latitudes, although greater

shifts can be seen for the A2 predictions. Such shifts were expected and are consistent with

the well-studied responses of woody species to Quaternary climate (Davis and Shaw 2001).

Additionally, both studied scenarios also present a great progressive reduction in the area

associated with the botanical collections of UE, leading to the notion that such combi-

nations of environmental variables will be less frequent in future, probably corresponding

to a ‘‘disappearing climate’’ (as studied by Williams et al. (2007) at the global scale), at

least in the western part of the Iberian Peninsula. Special attention should be paid, in

future, to the associated flora of this region, as the referred area reduction can commit

present species to extinction (Thomas et al. 2004).

According to the IPCC A2 scenario, all considered botanical collections will be outside

the predefined bioclimatic neighbourhood by 2080, while under the B2 scenario, all sites

remain within that neighbourhood, although sometimes marginally so. Therefore, the

implementation of global sustainability measures as considered in the B2 scenario family is

of great importance in order to significantly delay the impacts of climate change, thereby

providing extra time for the required adjustments of the outdoor regional living plant

collections. In the near future, botanical collections, which are normally fixed to a specific

area, should use regional climate change scenarios when selecting species for their regional

living plant collections. The use of such scenarios would increase not only the success and

persistence of their collections, but also the success of their ex situ conservation pro-

grammes. Simultaneously, environmental envelope models can help finding ways of

knowledge transmission in order to facilitate such adjustments, as well as managed

migration. The urgency of biodiversity conservation calls for real-time monitoring of

changes, for the accomplishment of well-defined targets and for the optimization of pri-

oritization (such as proposed by Farnsworth et al. 2006) in order to attain biodiversity

persistence.
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