Acta Botanica Mexicana 112: 73-93 (2015)

CLIMATE CHANGE AND EFFECTS ON VEGETATION IN VERACRUZ,
MEXICO: AN APPROACH USING ECOLOGICAL NICHE MODELLING

ISRAEL ESTRADA-CONTRERAS!, MIGUEL EQuinua!#, GoNzALO CASTILLO-CAMPOS?
y Octavio Roas-Soto?

nstituto de Ecologia, A.C., Red de Ambiente y Sustentabilidad, Carretera antigua
a Coatepec 351, El Haya, 91070 Xalapa, Veracruz, Mexico.
Instituto de Ecologia, A.C., Red de Biodiversidad y Sistematica, Carretera antigua
a Coatepec 351, El Haya, 91070 Xalapa, Veracruz, Mexico.
*Instituto de Ecologia, A.C., Red de Biologia Evolutiva, Carretera antigua a
Coatepec 351, El Haya, 91070 Xalapa, Veracruz, Mexico.
*Author for correspondence: miguel.equihua@inecol.mx

ABSTRACT

According to the last report of the Intergovernmental Panel on Climate Change, human
activities are the main responsible for global warming due to the increase in the atmospheric
concentration of greenhouse gases. This process is already causing changes in the geographical
distribution of species as well as alterations in phenology. With this background, it is interesting
to study the expected trends of change to be displayed by flora and fauna to face the new
environmental conditions. This paper explores the likely changes in the composition of the main
vegetation types in the state of Veracruz, Mexico under a climate change scenario. We analyzed the
geographical and ecological patterns of change in a group of 51 characteristic species commonly
associated to tropical evergreen forest, coniferous forest and cloud forest present in Veracruz. The
approach followed was based on the technique of ecological niche modelling carried out with the
Genetic Algorithm for Rule-set Production (GARP) and variables of future climatic condition
(located by 2050 in time) estimated for an A2 scenario which is devised for a situation where
humanity would be generating medium to high emissions. The results obtained for the current
vegetation of Veracruz suggest a potential impact inducing 53% distribution change for tropical
evergreen forest, 16% for coniferous forest and 49% for cloud forest. The results also suggest
that some species may be extirpated from the state of Veracruz under the conditions expected by
2050, while a few others may find right conditions to increase their distribution.

Key words: cloud forest, coniferous forest, GARP, tropical evergreen forest, Veracruz.
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RESUMEN

De acuerdo con el ultimo informe del Panel Intergubernamental sobre Cambio
Climatico, las actividades humanas son las principales responsables del calentamiento
global observado en las ultimas décadas y se debe al incremento en la concentracion
atmosférica de gases de efecto invernadero. Este proceso ya estd causando cambios en
la distribucion geografica de las especies, asi como alteraciones en la fenologia. En tal
contexto, es interesante estudiar las posibles tendencias de cambio que podrian presentar la
flora y fauna para hacer frente a las nuevas condiciones del medio ambiente. En este trabajo
se exploran los posibles cambios en la composicion de los principales tipos de vegetacion en
el estado de Veracruz, México, ante un escenario de cambio climatico, mediante el analisis
de los patrones de alteracion geografica y ecologica de un grupo de 51 especies comunmente
asociadas al bosque tropical perennifolio, el bosque de coniferas y el bosque mesdfilo de
montaia, presentes en el estado. El enfoque adoptado se basa en la técnica de modelado de
nicho ecoldgico realizado con el Algoritmo Genético para la Produccion de grupos de Reglas
(GARP) y variables climatologicas estimadas para un escenario A2 que corresponde a una
humanidad que genera emisiones medias-altas y derivan de proyecciones hechas a partir
de las condiciones actuales hacia el afio 2050. Los resultados obtenidos para la superficie
actual de la vegetacion del estado de Veracruz sugieren una afectacion potencial de 53% del
area de distribucion para el bosque tropical perennifolio, de 16% para el bosque de coniferas
y de 49% para el bosque mesofilo de montafia. Ademas, apuntan a que algunas especies
tienen alta probabilidad de resultar extirpadas de la entidad bajo las condiciones esperadas
en el 2050, mientras que otras encontraran las condiciones adecuadas para incrementar su
distribucion.

Palabras clave: bosque de coniferas, bosque mesofilo de montafia, bosque tropical
perennifolio, GARP, Veracruz.

INTRODUCTION

The fourth report of the Intergovernmental Panel on Climate Change (Anony-
mous, 2007) recognizes human activities as the main causes of global warming,
provides high certainty for its existence and establishes that its effects are already
under way. Climate change means that new long term environmental regimes shall
emerge, with the potential to challenge plant populations in their ability to survive
under the new conditions, both through acclimatization, if these are present within
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their potential niches (Vetaas, 2002), or by adaption if new conditions are beyond
their potential niche (Holt, 1990; Holt and Gaines, 1992). There are only a few gen-
eral alternatives for the survival of the species in response to climate change: move-
ment, physiological acclimation and adaptation (in terms of evolutionary genetic
change) otherwise, extirpation or extinction occur in extreme cases (Holt, 1990;
Melillo et al., 1995). If species are capable of rapid evolutionary change or have a
wide range of physiological tolerance, it is possible that adaptation or acclimation to
changing environmental conditions take place. If species are sufficiently mobile, we
can continuously trace the geographical relocation of their ecological niches (Pear-
son and Dawson, 2005; Engler et al., 2009).

Ecological niche modelling (ENM) has become a basic tool for the study of
changes in the geographical and ecological distributions of species to global climate
change (Pearson and Dawson, 2003; Peterson et al., 2004). Among a wide variety of
algorithms that are currently available (Elith et al., 2006; Phillips et al., 2006; Elith
et al., 2010) to generate ecological niche models, we used the Genetic Algorithm for
Rule-set Production (GARP by Stockwell and Peters, 1999). This is an evolutionary
computational algorithm which has been extensively tested on the prediction of the
geographical distribution of species (Anderson et al., 2002; Peterson et al., 2002;
Martinez-Meyer et al., 2004). Additionally, their behavior on extrapolation exercises
is well documented (Peterson, 2003a, b; Peterson et al., 2005).

Mexico is a region where biotas of Nearctic and Neotropical origin are mixed.
Many species reach here the boundary of their distribution range as an expression
of the limit of their physiological tolerance. This results in the border effects al-
ready described in relation to the so-called “Mexican Transition Zone.” Therefore,
the main objective of this study was to analyze and synthesize the potential impact
of global climate change by 2050, on the most important vegetation communities of
Veracruz from an autoecological analysis perspective (ecological niche modeling
of species in particular). The impacts were estimated as distribution range shifts
(area size, altitude and latitude) in the tropical evergreen forest, coniferous forest
and cloud forest (sensu Rzedowski, 1978), present in the state of Veracruz. The geo-
graphical location of the state of Veracruz gives a setting of tropical characteristics,
but these are modified in part by the influence of the mountain ranges, mainly in the
west; climates therefore vary from very hot to very cold. Precipitation ranges from
less than 500 millimeters (mm) per year in some places in the north to about 4000
mm in the south. This environmental variation makes Veracruz one of the most
biologically diverse states in the country. Almost all vegetation types described for
Mexico are found here (Rzedowski, 1978).
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Based on the Ecological Niche Modelling approach, we developed potential
future distribution ranges of the major components of the main vegetation types in
the state of Veracruz and surroundings areas. The idea we pursue assumes that the
sum of climatic niches of individual species (autoecology) could allow the recon-
struction of communities to a certain degree, considering that they share similar
environmental requirements. We also used this approach to analyze the current con-
ditions under which species live and to make projections under different scenarios
of global development. The overall goal was to describe the trends of change in the
vegetation distribution, assuming the physiological range documented should allow
to accurately predict expected changes in distribution, because the current human
induced climate change is apparently giving almost no chance to genetic adaptive
development (Holt, 1990).

METHOD

Selection of species and vegetation types

We generated a list of plant species (mainly trees) dominant and characteristic
of either coniferous forest, cloud forest or tropical evergreen forest through a thor-
ough review of literature about the vegetation of the state of Veracruz. The refer-
ences used for this purpose were: Miranda and Hernandez X. (1963); Gémez-Pompa
(1966); Pennington and Sarukhan (1968); Gémez-Pompa et al., (1972); Anonymous
(1975); Valdivia (1976); Gomez-Pompa (1977); Vazquez (1977); Del Amo (1978);
Lozano (1979); Rzedowski (1978); Ramirez and Palma (1980); Zola (1980); Correa
(1981); Ramirez (1981); Gerez (1982); Williams-Linera (1982); Zola (1984); Acev-
edo (1988); Martinez (1988); Blanco and Romero (1989); Vazquez (1989); Castillo-
Campos (1991); Duran (1992); Gutiérrez (1993); Martinez (1993); Medina-Abreo and
Castillo-Campos (1993); Aquino (1996); Rzedowski (1996); Gonzalez et al., (1997);
Luna (1997); Zamora and Castillo-Campos (1997); Ramirez (1998); Heredia (1999);
Ramirez (1999); Anonymous (2000); Avila and Lépez (2001); Godinez and Lopez
(2002); Castillo-Campos et al., (2003); Flores and Galindo-Gonzalez (2004); Ruan
(2006); Williams-Linera (2007); Garcia et al., (2008).

Once the list of species was assembled, we used the MultiVariate Statistical
Package (MVSP) version 3.1 (Kovach, 1999) to perform a cluster analysis through
the method UPGMA (Unweighted Pair Group Method using Arithmetic averages)
along with the Jaccard index, as a metric based on the calculation of the similarity
in the “sinecological affinity” of selected species. From the groups obtained from
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MVSP, we made a selection of species for coniferous, cloud and tropical evergreen
forest. Finally, the selected species were considered characteristic (frequent in the
case of tropical evergreen forest) or non-dominant (associated) that we regarded
representative of each vegetation type, according to the literature reviewed. Geore-
ferenced localities of specimens of each of the selected species were obtained from
the herbarium XAL of the Institute of Ecology, A.C.

Ecological niche modeling (ENM)

GARP generates a niche model for a species, aiming to characterize the envi-
ronmental conditions under which it is estimated that the species should be able to
thrive. Hence, it assumes that under those conditions the species is able to maintain
populations without immigration (Stockwell and Peters, 1999). Although MAXENT
is another algorithm commonly used, the differences between these two algorithms
should not be a cause for concern (Tsoar et al., 2007; Peterson and Nyari, 2008; War-
ren et al., 2008). Albeit MAXENT achieves greater predictive success particularly
in small sample sizes (Pearson et al., 2007), it has a relative inability to predict other
time situations as well as to large areas not sampled. With respect to this, GARP has
been found to work better in both situations (Peterson et al., 2007).

For the characterization of the ecological niche of the selected species, we
used extreme temperatures and precipitation values (temperature of the warmest
and the coldest month, precipitation of wettest and driest month). We selected these
variables based on their physiological importance in combination with the com-
pound topographic index (CTI) and slope; all variables with a spatial resolution of
30” (~0.86 km per pixel). The last two variables were obtained from the HY DRO1k
Project (Anonymous, 2001), while the remaining variables were obtained from the
WorldClim project database (Hijmans et al., 2005). Climatic variables such as maxi-
mum temperature, minimum temperature and precipitation can be particularly use-
ful, since they coincide with physiological tolerances at regional scales (Peterson
and Cohoon, 1999; Parra et al., 2004). In addition, as Gomez-Pompa (1977) sug-
gests, extreme temperatures, especially the minimum, may be the values that have
greater significance for the distribution of species. However, a combination of cli-
matic and topographic features such as elevation and slope often produces better
results (Parra et al., 2004), because topographic features could accurately map the
behavior of several climatic variables to a detail that is difficult to detect with me-
teorological ground measures.

The modelling training region was established based on the idea that the
species have the ability to disperse to certain geographical areas as long as they
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have the chance (e.g. crossing barriers) to reach such areas. Therefore, although we
focused on the state of Veracruz, the records from the surrounding states (Tam-
aulipas, San Luis Potosi, Hidalgo, Puebla, Oaxaca, Chiapas and Tabasco; Fig. 1)
were also considered. The extent of the study area corresponded to the continental
surface included within the 14°29' and 27°48' N latitude and 90°16' and 102°19' W
longitude. In the training process, we used 50% of the records for training and at
least 20 training points.

We used estimated values for both current conditions and 2050 forecasts un-
der a development scenario A2 according to projections produced by the Canadi-
an Centre for Climate Modelling and Analysis (CCCMA). Climate variables were
combined with record points of selected species and 100 models were generated by
GARP. With these models a consensus map was integrated from the average of the
top 10 maps (“Best subsets”) selected based on low values of errors of omission and
commission interim agreement as suggested by Anderson et al. (2003).

To produce a delimitation of the coniferous and cloud forests maps, we used
the species considered as dominant to generate a consensus map with the sum
of these species, whereas with the remaining non-dominant species we generated
the other consensus map. Next, we overlaid the resulting dominant and associated
species consensus maps and we obtained a final map that was produced by inter-
secting these two maps. For the reconstruction of most of the vegetation types we
considered only those areas where the coincidence of overlapping species areas
included more than 70% of all the modelled species either dominant or associated.
This largely artificial threshold of 70% was based on the general correspondence to
the polygon limits of the primary vegetation map from Anonymous (2003). In the
case of the tropical evergreen forest, the overlap of the consensus maps was similar
but for this vegetation type, all species were considered the same in terms of their
dominance.

To establish whether our representation of modeled vegetation resembled nat-
ural vegetation units to a certain degree, we compared the maps obtained with the
map of primary vegetation (Anonymous, 2003), which is defined as vegetation that
would develop in an area under similar environmental conditions to the current ones,
without human influence. Finally, to assess possible future impact of the vegetation
types studied here, we contrasted the map of vegetation and land use of the state of
Veracruz (Castillo-Campos et al., 2011) with the current potential distribution areas
and 2050 forecast modeling. We regarded the surface in our 2050 potential vegeta-
tion maps outside of the current vegetation type maps of Veracruz we produced as
the area susceptible to climate change under the chosen scenario.
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Fig. 1. Location of the state of Veracruz and study area.

RESULTS

The 10 “best-subset” models for the species of the three vegetation types pre-
sented x? values that ranged from 61.86 to 371.51 for tropical evergreen forest, from
74.96 to 2856.87 for coniferous forest and from 2.69 to 115.76 for cloud forest. All
were statistically significant (P<0.05).

Ecological niche models of all selected species of tropical evergreen forest
projected to 2050 showed a smaller potential range in more than 50% of the species
compared to the current distribution (Table 1). Five of them likely will not encoun-
ter right conditions for their survival within the limits of Veracruz. In the case of
coniferous forest, the potential geographic distributions of the selected species do
not show a common trend. While some species increase their potential distribu-
tion in the state of Veracruz, the distribution of others decrease, probably indicat-
ing a mixture of lineages from contrasting biogeographical affinities. However,
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Table 1. Selected species of tropical evergreen forest and approximate area of potential
distribution for the state of Veracruz.

Family Species Records Potential distribution in Veracruz
Present 2050 Change
(km?) (km?) (%0)
Bombacaceaec  Bernoullia flammea 16 51135 18 816 -63.20
Burseraceae Bursera simaruba 198 63016 647 -98.97
Caessalpinaceae Dialium guianense 35 23 841 0 -100.00
Clusiaceae Calophyllum brasiliense 42 40 859 0 -100.00
Combretaceae  Terminalia amazonia 25 20 146 4217 -79.07
Lauraceae Licaria capitata 69 45 745 80 -99.83
Meliaceae Swietenia macrophylla 17 25610 9989 -61.00
Moraceae Brosimum alicastrum 144 58 678 0 -100.00
Moraceae Ficus tecolutensis 18 55068 42 -99.92
Moraceae Pseudolmedia oxyphyllaria 50 23 561 0 -100.00
Ulmaceae Aphananthe monoica 37 48 254 20 905 -56.68
Vochysiaceae Vochysia guatemalensis 29 36 309 0 -100.00

the species that could be more affected towards 2050 is Pinus oocarpa (nearctic),
while the species that is more likely to survive is Fuchsia microphylla (neotropical)
(Table 2).

We found that most of the selected species characteristic of cloud forest are
likely to decline by 2050. Certainly, the critical factor is the potential loss of humid-
ity, which is highly influential for this community. It is noteworthy that Quercus
laurina is the only species of this group that could find better conditions for its sus-
tained presence within Veracruz by 2050 (Table 3).

As a way to assess the accuracy of our findings, we overlaid the potential
distribution models obtained with the corresponding vegetation map of current land
use and vegetation. The result of this comparison showed values that match the geo-
graphical coverage on 53% (4123.89 km?), 71% (856.88 km?) and 85% (1706.32 km?)
for tropical evergreen forest, coniferous forest and cloud forest, respectively. Based
on our results, the prediction for 2050 in the state of Veracruz shows a possible de-
crease of the surface of tropical evergreen, coniferous and cloud forest in 53%, 16%
and 49%, respectively. For the coverage of tropical evergreen forest (Fig. 2-d) and
cloud forest (Fig. 2-f) in the region of Veracruz and neighboring states, we estimated
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Table 2. Selected species of coniferous forest and approximate area of potential distribution
for the state of Veracruz.

Family Species Records  Potential distribution in Veracruz
Present 2050 Change
(km?) (km?) (%)
Cupressaceae Juniperus deppeana 23 1471 461 -68.65
Pinaceae Abies hickelii 7 2602 1913 -26.50
Pinaceae Abies religiosa 27 5438 6184 13.73
Pinaceae Pinus ayacahuite 16 3844 3193 -16.94
£ Pinaceae Pinus hartwegii 22 4752 4927 3.67
g Pinaceae Pinus leiophylla 12 3517 3177 -9.66
S Pinaceae Pinus montezumae 37 7147 5912 -17.28
Pinaceae Pinus oocarpa 25 25249 529 -97.91
Pinaceae Pinus patula 55 7055 7074 0.28
Pinaceae Pinus pseudostrobus 62 7854 6760 -13.93
Pinaceae Pinus teocote 45 5778 5761 -0.30
Asteraceae  Baccharis conferta 90 7485 7576 1.21
Asteraceae  Bidens triplinervia 58 7802 7902 1.28
9 Asteraceae Senecio grandifolius 22 9868 3473 -64.81
S Betulaceae Alnus acuminata 104 8509 6897 -18.94
é Ericaceae Arbutus xalapensis 43 9554 9127 -4.46
< Fabaceae Lupinus montanus 24 4648 4854 4.42
Onagraceac  Fuchsia microphylla 62 3644 7868 115.93
Rosaceae Rubus adenotrichus 24 7399 5134 -30.61

a substantial decrease in their future potential distribution that could reach nearly
100% (Fig. 2-g) and more than 60% (Fig. 2-1), respectively (Table 4). In contrast, we
expect that the representation of coniferous forest should increase by 2050 in nearly
20% (Fig. 2-h) of its current potential distribution (Fig. 2-e and Table 4).

Finally, the average values of the coverage of all vegetation types, as projected
from present conditions towards those expected in 2050, throughout the region of
Veracruz and neighboring states, suggest an overall latitudinal shift southwards, al-
though showing different levels of magnitude for each vegetation type. There is also
a displacement to areas with higher elevation in the tropical evergreen forest (218 to
575 m) and cloud forest (1498 to 1585 m). This seems to match the rising trend of the
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Table 3. Selected species of cloud forest and approximate area of potential distribution for
the state of Veracruz.

Family Species Records Potential distribution in Veracruz
Present 2050 Change

(km?) (km?) (%)
Betulaceae Carpinus caroliniana 69 8223 4233 -48.52
Clethraceae Clethra mexicana 38 12 922 8407 -34.94
Fagaceae Quercus affinis 63 8474 8211 -3.10
Fagaceae Quercus germana 20 19 023 6696  -64.80
§ Fagaceae Quercus leiophylla 24 5515 4066  -26.27
E Fagaceae Quercus xalapensis 39 11782 3902  -66.88
8 Hamamelidaceae Liquidambar styraciflua 21 13 486 4558  -66.20
Juglandaceae Oreomunnea mexicana 11 6831 3805  -44.30
Sabiaceae Meliosma alba 44 9445 6047 -35.98
Staphyleaceae Turpinia insignis 78 11018 6727  -38.95
Ulmaceae Ulmus mexicana 27 12916 869 -93.27
Araliaceae Oreopanax xalapensis 70 24157 6543  -72.91
Clethraceae Clethra macrophylla 47 7579 4876  -35.66
Euphorbiaceae  Alchornea latifolia 69 28 954 10858  -62.50
B Fagaceae Quercus laurina 54 6871 7375 7.34
'§ Juglandaceae Alfaroa mexicana 14 10072 4221 -58.09
2 Melastomataceaec Miconia glaberrima 78 9113 687  -92.46
Myrtaceae Eugenia xalapensis 12 5685 3948 -30.55
Podocarpaceac  Podocarpus matudae 14 6855 4278  -37.60
Styracaceae Styrax glabrescens 66 7755 2957 -61.88

Table 4. Potential distribution of the current and projected by 2050 tropical evergreen, boreal
and cloud forest to Veracruz and neighboring states.

Forest type

Primary Match current potential

Potential distribution (km?)

vegetation distribution
(km?) km? % Present 2050  Change (%)
Tropical evergreen 114 817.78 52 777.57 4597  62481.72  1392.62 -97.77
Coniferous 4943243 1304726 2639  20848.02 25370.30 121.69
Cloud 2542137 1117593 4396 2334323 9246.87 -60.39
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Tropical evergreen forest Boreal forest Cloud forest

Present potential distribution Primary vegetation

2050 potential distribution

Fig. 2. Spatial patterns of primary vegetation, current and 2050 potential distribution of
tropical evergreen, boreal and cloud forest under an emissions scenario A2 for the region of
Veracruz and neighboring states.
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strip of fog that has already been described (Still et al., 1999). In the case of the conif-
erous forest, we found a likely shift towards lower elevation in 2050 (2307 to 2275 m).

DISCUSSION

The analysis of potential future distribution ranges of plant communities has
been the subject of various studies and discussions (Osborne et al., 2000; Scheiter
and Higgins, 2009; Chaturvedi et al., 2011). One consequence of this has been an
increase of discrepancies on the predictions of the future distribution of forests in
Mexico and thus on the various possible levels of impact that will have climate
change on the different vegetation types in the country. After applying a sensitivity
model, the results obtained by Villers and Trejo (1997) suggested that more than half
of Mexico would suffer changes in temperature and precipitation conditions. These
results agree with those found by Arriaga and Goémez (2004), since both studies
suggested that the vegetation types most affected by climate change might be the
coniferous, Quercus and cloud forest as well as desert scrub. They also noted that
the tropical evergreen forest may show an increase in its surface in the future.

Regionally, our results agree with the work of Villers and Trejo (1997) and
Arriaga and Gomez (2004), and also suggest that the potential distribution of cloud
forest will decrease by almost 60% by the year 2050. However, in terms of the po-
tential distribution area of tropical evergreen and coniferous forest, we observed a
different behavior, since we found a reduction of 97% for the former and an increase
of 21% for the latter. The substantial reduction in potential distribution of tropical
evergreen forest in the region of Veracruz by 2050, as well as in the neighboring
states, suggests that changes in temperature and precipitation could be excessive for
the physiological tolerance of thermophilic species.

Given that the physiology of these plants has a high synchrony with tem-
perature and also a high requirement of adequate moisture throughout the year, spe-
cies in the humid tropics may probably have a limited ability to acclimate to global
warming (Deutsch et al., 2008; Tewksbury et al., 2008). Likewise, Wright et al.
(2009) analyzed the expected behavior of tropical species and forecasted an abrupt
fall of tropical forest area, matching changes in the average annual temperature,
suggesting that global warming may have severe consequences for species of such
vegetation types.

Moreover, the increase in the potential distribution of coniferous forest we
found for Veracruz and its neighboring states is consistent with the findings of Ni
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(2000) in the region of Tibet. He also observed that despite the large area reduction
of temperate desert and alpine steppe, among others, there was a sizable expecta-
tion of a large increase in the area of temperate-cold coniferous forest, temperate
grasslands and shrub, and temperate steppe. As for the state of Veracruz, the results
of Benitez et al. (2008) indicate that in 2020 the desert scrub may almost disappear,
and for the decade of 2050 the environmental conditions should favor the tropical
deciduous forest over the tropical evergreen forest. They also noted that the cloud
forest may advance over coniferous and oaks forests. These forecasts, beyond coin-
cidence with our results, are interesting because they highlight the new interactions
that plant communities are likely to face in the near future. Contrasting the behavior
pattern of the cloud forest of Veracruz obtained by Benitez et al. (2008) with our
results, we found in effect that the potential distribution of cloud forest may present
a shift towards a higher elevation, but the average values of the potential distribution
of coniferous forest suggest a slight descent. We could explain this expected trend of
the coniferous forest by considering that these forests have a wide ecological span as
they thrive in arid, semi-wet and frankly wet climates, and they may be found from
sea level to the upper limit of tree growth (Rzedowski, 1978).

The discrepancies between our work and the studies of Villers and Trejo
(1997) and Arriaga and Gomez (2004) may be attributed to methodological differ-
ences such as the general circulation models particularly used for their climatic fore-
casts, the specific environmental variables choice, the pixel size, the algorithm or
the starting point of the projections (from vegetation type or a group of species char-
acteristics, etc.). In this regard, we believe that the likely dynamics of the species
in response to climate change will more likely take place species by species rather
than whole assemblages, as suggested by Thomas et al. (2004), since the response
depends mainly on the physiological acclimation of each species. We have to keep in
mind that, in addition to physiological tolerances, the potential displacement of each
species will be associated with many other factors. For instance, its ability to en-
compass their life cycle, as well as their opportunity to interact with pollinators and
dispersers. Equally important will be the physical availability of locations where to
establish, all of which are not part of the forecast approach we used. We hypothesize
that species distribution might change at first instance by biotic interactions with
animal species or environmental factors involved in their dispersal. Hence, another
potential consequence may be the modification of the assemblages of species by the
changing ambient conditions.

Individually and considering the different types of vegetation, our results sug-
gest that distribution range of six species will reduce their current potential distribu-
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tion with over 90%, and five of the species could be all together lost from the state of
Veracruz by 2050. In contrast, eight species show some sort of increase in potential
distribution. A similar study in the Cerrado region in Brazil by Ferreira de Siqueira
and Peterson (2003) suggested losses of over 50% in the potential distribution of
most tree species. For Veracruz we found that 24 of the 51 modeled species could
suffer losses larger than 50% of its potential distribution towards the 2050 time
horizon. In addition, they present a greater impact on the potential distribution of
tropical species, mainly found in the coastal plains, as compared to species of mon-
tane areas, most of which do not show such severe losses in potential distribution.

Ferreira de Siqueira and Peterson (2003), also observed this difference in the
impact of warm tropical environments compared to temperate species. Peterson
(2003b), also pointed out that the species from the plains will be most affected by
climate change. However, even if the species characteristics of tropical vegetation
show a significant loss risk potential, based on their likely future distribution and the
apparent rearrangement of sympatry between plant species, the results of this study
suggest likely rearrangements that could modify ecological dominance of current
component species, resulting in new species patterns in tropical vegetation types.

Although the models obtained in this paper take into account the characteris-
tic composition of the vegetation types analyzed, our results suggest a possible fu-
ture emergence of new vegetation types. The loss or reduction of the current domi-
nant species (or of those that characterize each vegetation type) might take place, but
the vegetation phenology will largely remain. In this transformation, some species
that might currently be non-dominant might find better conditions in the future and
become dominant to characterize new vegetation types.

If we would like to encourage the preservation of any kind of vegetation, we
should consider changes in land use as well as the distance and the barriers that the
composing species must overcome in order to be able to colonize and settle in new
areas. Even if the plant species retain their ability to produce fertile propagules,
it will be necessary to maintain corridors to facilitate the dispersion towards new
climatic zones. The results of this study emphasize the critical importance of safe-
guarding connectivity by increasing the area and density of networks of protected
ecosystems in regions where sources of dispersion are small and widely distributed
(Opdam and Wascher, 2004; Da Fonseca et al., 2005; Hannah and Hansen, 2005;
Vos et al., 2008).

Therefore, we suggest that in order to minimize the potential loss of plant
community members in the future, it is required to change the current static con-
servation approach towards a new one that undertakes a dynamic adaptive ecosys-
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tem management scheme that recognizes the current spatial reconfiguration stage
pressing over the plant communities. The current demands highlight connectivity
in addition to the needs of rehabilitation, reforestation and restoration. Ecosystem
conservation and management in times of climate change will have to re-design a
strategic approach from these elements. It should facilitate the preservation of spe-
cies currently comprising natural communities, by allowing fast movement so they
can quickly colonize and establish in new geographical areas, and there they can
continue evolving.
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