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Integrando las interacciones en los
modelos de nicho
(Mineria de datos)

M. en C. Constantino Gonzalez Salazar
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Fig. 5 Schematic example of how different factors may affect the distribution of species across varying spatial scales. Characteristic ‘scale
domains’ are proposed within which certain variables can be identified as having a dominant control over species distributions. Approximate
spatial extents have been assigned to categories of scale based in part on Willis & Whittaker (2002). It is assumed that large spatial extents are

associated with coarse data resolutions, and small extents with fine data resolutions.
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How do species interactions affect species distribution models? The role of biotic interactions in Shaping
distributions and realised assemblages

William Godsoe and Luke ]J. Harmon
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distribution modelling

One of the most promising recent advances in biogeography has been the increased interest and understanding of species
distribution models — estimates of the probability that a species is present given environmental dara. Unfortunarely, such

analyses ignore many aspects of ecology, and so are difficult to interprer. In particular, we know thart species interactions AT 1.2.% . s 3 a7 . s oqe 4 .. « .3

have a profound influence on distributions, but it is not usually possible to incorporate this knowledge into species dis- Niary Szl_lisﬁanrle ‘\‘ 1SZ°? ;Juhen POt‘;:ler ) \\' . Danlel KISSI]II§ 3 LOIC PelllSSlCI' ,Jonat}llagl
tribution models. What is needed is a rigorous understanding of how unmeasured biotic interactions affect the inferences e N ey pl

generated by species distribution models. To fill this gap, we develop a general mathemarical approach thar uses probability Lenoir H Christian F. Da'mgaa'rd b Carsten F. Dormann 3 Mads C. Forchhammer 3
theory to determine how unmeasured biotic interactions affect inferences from species distribution models. Using this John_Arvid GI'ytHES?’ Antoine Guisang, RiStD K HCikki]’lC]flg, Toke T H@VCQ’ Ingo]f
approach, we reanalyze one of the most important classes of mechanistic models of competition: models of consumer . 10 . 11 - . 3 y . 4 . 12 .

resource dynamics. We determine how measurements of one aspect of the environment — a single environmental vari- Kl]_hl'l 3 1\*[151{& LllOtD ) Llllgl h’IELlOI'aHO 5 hﬂ[arle—(;harlotte N]lSSOH 5 Slgne

able — can be used to estimate the probability that an environment is suitable with species distribution models. We show 13 . - . 14 . ©1.1.2 15

that species distribution models, which ignore numerous facets of consumer resource dynamics such as the presence of a Normand B Erik OCk]IlgeI‘ B Niels M. Schmidt* 5 Mette Termansen 3 Allan

competitor or the dynamics of depletable resources, can furnish useful predictions for the probability that an environment
is suitable in some circumstances. These results provide a rigorous link between complex mechanistic models of species
interactions and species distribution models. In so doing they demonstrate that unmeasured biotic interactions can have
strong and counterinwitive consequences on species distribution models.

Timmermann®®, David A. Wardle!'?, Peter Aastrup!-? and Jens-Christian Svenning?

Journal of Biogeography (J. Biogeogr.) (2011)

Towards novel approaches to modelling
biotic interactions in multispecies
assemblages at large spatial extents

W. D. K.issling"’, Carsten F. Dormann®?, Jiirgen Groeneveld*®, Thomas
Hickler®, Ingolf Kithn’, Greg J. Mclnemys, Jose M. Montoyag, Christine
Rémermann'®'!, Katja Schiffers'?, Frank M. Schurr'®"?, Alexander Singer4,

Jens-Christian Svenning', Niklaus E. Zimmermann'* and Robert B. O’Hara®

'Ecoinformatics & Biodiversity Group, ABSTRACT
Department of Bioscience, Aarhus University,
DK-8000 Aarhus C, Denmark, ”Biomcrry and
Environmental System Analysis, Faculty of

Aim Biotic interactions — within guilds or across trophic levels — have widely
been ignored in species distribution models (SDMs). This synthesis outlines the
development of ‘species interaction distribution models’ (SIDMs), which aim to
incorporate multispecies interactions at large spatial extents using interaction
matrices.

Forest and Environmental Sciences, University
of Freiburg, 79106 Freiburg, Germany,
*Helmholtz Centre for Environmental Research
— UFZ, Department of Computational

Location Local to global.



Great Black Backed Gull

N
(

1 iy

/
f J ' Arctic Tern
7

natural enemies

aphid bacterial
symbionts

Consu




COMPLEXTTY

xe A% @ 2301 Mecmilas Vagaznee Lt

review articles
Exploring co

Steven K. Strogatz

Depermm: of Thesmerical and Appied Mehants end Conar for Appited Mackemartn, 2172 Kiwibell a1, Corned Unverstay i
N Yark £4853- 1503, U5 fo et semperotarnelads

nplex net

I

The study of networks pervades ail of science, from newsodiology to statistical ics. The most baskc
Issues are struchrst how does ome characterize e wirkg dagram of 3 food web or the intemet or the
metabolic network of the backriem Echarichfa coil? Are here any mirn?n%pnmubs mnenyh: thelr
npaw‘»mmewspmmmmm we would 3is0 I

Mnbracumaymm —zzmeyneunrs power si3tions of ksers — mlnmwe
vely, given thelr Sdividual umwgmgmmu Researchers are onfy now beginning
nmrwmmmmamam of complex RRtwarks.

overtime
creted an
3. Connectic
have diy

n cestomess withont power fo¢
. he liniks detwes
ractions and s

gns. Synapses 11

t2e Lowindy scandal, the .\(l ok
¢ the Sxmous people wit

schmists Bave bam  thinkin
mpiricl studis hawe shod

$oteor o

2wz, Which wnalyinvohe

SR, [0 e wo r\h

@ mwafr toms. Sc
¢ ’WJA"_'. They @




EL ACO ACOV ACT AC ACOV ACOV  ACOV

S A Y Y U T Y Y Y
ENROLI G E G B p A _DXC COVY  COST B B B
D 2 X AEOVY D 1 L D G COVYI o) 1 1 ACOVY_2 3 4
2013647 5 142446 0.0 118346 32372 11549 123807
02 d 2 0 7 19.36 0.00 073568 0 240144 1 10788 60112 5 2
1592171 237
01 d 75192 550464
1836180
1 d 57600 25575
2049031 11731
02 d 0 90198

2174200 3 —

6b2145 8.43 98756 255378

268682 2.30 32394 125695

22990 31376

1386320 5

02 d 2 23129 43754 205793

: \7\9"006 16019 37442

3100652

01 159247 134912 24709 77960
1404820

1 475933 116346 96207 181007
2160030 0.0 11506

02 0.00 0 8 166510 43091 A4456 87958 117479
2142337 0.0

01 0.00 068401 331964 139740 3 11265 59726 62718 352328



¢Quée es mineria de datos?

“...Ia exploracion y analisis de datos para descubrir
patrones, correlaciones y otras asociaciones”
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Using Biotic Interaction Networks for Prediction in
Biodiversity and Emerging Diseases
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Lutzomyia spp mamiferos

Leishmaniasis



Datos de colectas de mamiferos

Datos de colectas de vectores

fector Theme: Mosquitoes v
Sistribution Model:| North America ~
disease Model: -- Select One -- v

4 Y] vector Service ——{ |
> ¥ Mosquitoes @
> [ Types @
Uncertainty (m) @

(] Country-level information @
Admin Boundaries - GADM @
Populated Places @
Streams @

Water Bodies @
> ] Species richness (Bioclim) @
> [ 1m sea level rise @
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Co-ocurrencias como un proxy para inferir
interacciones bioticas

. Colectas de mamiferos - 37,297

O Colectas de Lutzomyias - 270




Determinando los factores principales

Classifier Null

N \;3 X p ItTA/ hypothesis
. P(PLOIX) — P H\

(Ny P(C)1 — P(C)))'-

\ “Signal”

P(C|X)= NCX/ NX “Noise”
P(C)=N N
(C)=N_/

ej. X es un vector, C es el reservorio - N  es el numero de cuadrantes donde coexisten, N, es el
namero de cuadrantes donde hay reservorio y Ny es el nimero de cuadrantes donde hay vector.
g > 2 implica una fuerte correlacién positiva entre el vector y reservorio
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L_cruciata Rhogeessa aeneus 6 102 19 7.22
eruciata Conepatus semistriatus 6 102 20 7.00
L_cruciata Cryptotis magna 4 102 10 6.79
L_cruciata Dermanura phaeotis 18 102 142 6.66
L_cruciata Peromyscus melanocarpus 4 102 11 6.42
L_cruciata Microtus umbrosus 102 3 6.40
L_cruciata Carollia perspicillata 12 102 78 6.32
\l\cruciata Carollia sowelli 9 102 48 6.32
L_cruc%" Heteromys desmarestianus 9 102 49 6.23
L_cruciata Eira barbara 7 102 32 6.18
L_cruciata Sorex veraepacis 4 102 12 6.09
L_cruciata Dasyprocta punctata 6 102 25 6.08
L_cruciata Reithrodontomys gracilis 7 102 33 6.06
L_cruciata Dasyprocta mexicana 4 102 13 5.80
L_cruciata Heteromys gaumeri 10 102 65 5.77
L_cruciata Thomomys umbrinus 1 102 203 -2.12
L_cmgl> Baiomys taylori 1 102 220 -2.24
L_cruciata Peromyscus maniculatus 2 102 348 -2.69
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Figure 1. Interaction network between potential and confirmed vectors and reservoirs for Leishmania in Me
confired as reservoirs for Leishmania mexicana, responsible for the cutaneous form of the disease are marked with a dou
Didelphis marsupialis is the known sylvatic reservoir for the visceral form.

doi:10.1371/journal pone.0005725.g001
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Mammals ilon | Conf. Nammals Epsilon | Conf. Mammals Epsilon | Conf

1|Eira barbara —— 51| Myotis kaaysi - % 101 Enchisthenesﬁnii 28527 ]
2| Heteromiys gaumeri 52| Macrotus maxicanus 4.1863 102 | Chrotoptarus aurtus 2 E527
3|Rhogesssa asneus 53|Sciurus yucatanensis 41373 103 | vampyrodes caraccicl 2 E527
4|Dasyprocta punctata 7.1071 54| Alouztia paliiata 4.0343 104 | Natalus stramineus 27388
| 5| Peromyscus medcanus 5.3455 55|Raithrodentomys microden 4.0343 | 105|oligoryzomys fulvescens 27104
&|Reithrodontomys gracilis 6.82E3 56| Cryptotis magna 40218 106 | Microtus oaxacensis 26443
7|Heteromys desmarestiznus 6.7365 57| Qtonycvomys hatti 4.0218 107 | Sciurus varegatoides 26443
8|orthogeomys hispidus 5.5434| 58| Tylomys nudicaudus 3.9872 108 | Eumaps bonariensis 26443
9|carollia sowelli tumida 39779 109 | artibeus cinereus 26443
10{Dermanura phasotis 60| artibeus lituratus 3.9776 110|artibeus glaucus 26443
11|Dasyprocts mexicana 5.4628 61(Mormoops megalophylia 3.9317 111|Oryzomiys saturatior 26443
12 |carollia perspicillata 6.4421 62|Choeroniscus godmani 3.8B06 Peromyscus gymnotis 26428
13| Maolossus ater 6.2416| 63| Peraptens: macrotis 3.8805 Lasiurus ega 26137
14| &rtibaus intermedius 6.2252 64| Artibeus jamaicensis 3.7036 sturnira ludovici 26137
15| Conepatus semistristus 6.0551 65| Canturio senex 3.7033 Phyllostomus discolor 25787
16| Micromycteris brachyotis 5.8553 66| Sorex veraspacis 3.7025 116|Eptesicus furinalis 25540
17| Glossophaga soricina 5.7508| 67| OryZomys rosratus 3.7026 117|Loncherhing aurita 2.4727
13| carollia brevicauda 5.7534| 6B|Tamandua mexicana 3.6461 118|Platyrrhinus helleri 24727
19| areles geoffroyi 5.7310| 63| Saccopteryx bilineata 3.6413 119|Tlacuatzin canascens 24657
20|Glossophaga morenoi 5.7310| 70|Pteronotus personatus 3.6300 120{Ag0uti paca 24583
21| Microtus umbrosus 5.6363 71|Sylvilagus brasiliensis 3.5882 121 Leopardus wiedii 24580
22 Thyroptera tricolor 5.6363 72|Pteronotus davyi 3.4724] 1322 |carolia subrufa 23345
23| Potos flavus 5.6220| 73| Baiomys musculus 3.4138 123 Balantiopteryx plicata 23308
24 (Peromiyscus melanocarpus 55343 74| Peromyscus simulatus 3.4040 124|Peramyscus megalops 21501
25| Peromyscus yucatanicus 5.4001 EEB 75|Rhogeessa gracilis 3.4040 125| Myotis albescans 21897
26| Pteronatus parnellii 5.4433 76| Bassariscus sumichrasti 3.3864] 126|Eptesicus brasliensis 2.1897
27 |oryzomys coues 5.3761 77|Leptonycteris sanborni 3.3864] 127|Tonatia evotis 21897
28| Sturnira lilium 5.2763 78| Glossophaga mexicana 3.3864] 128|Sphiggurus mesicanus 21897
29| Desmodus rotundus 5.2550) 78| Oryzomys fulvescens 3.3864] 129|vampyrum spectrum 21897
30{Sigmodon hispidus 5.1338 | YES, E0[Rheomys thomasi 3.3806 130|Tapirus bairdi 21897
| 31|Habromys ixtlani 2.0816| | E1|Heteromys goldmani | Tamandua tetradactyla 2 1897
| 32|Microtus waterhousii 82| Milossus rufus Glossophzgz commissarisi 2 1694
33 | Pteronotus rubiginosus E3|sigmodon orizonae Eumops glaucinus 21509
34|artibaus watsoni 081 B4|Mimon cozumelae Miman bennettii 21509
35| Balantiopteryx balantiopteryx 4.9816| £5|Ghossophaga leachii 5| artibaus phaeotis 2 0657
36| Ototylomys phyllotis 49565 GEB £68|Herpailurus yagouaroundi Peromyscus leucopus 20534
37| Masua narica 24,9204/ E7|5ciurus auracgaster Reithrodontomys mexicanus 2.0510
38| mMegadontomys cryophilus 2.9283| £8|Lentra longicaudis Lasiurus intermedius 20502
39| Cunioulus paca 4.8415| B5|Mazama americana Sigmodon masootensis 19387
40| Chiroderma villosum 4.7304] 20|Balantiopteryx io Rhynchonycteris naso 18489
41|0ryzomys chapmani 26930) 21|Hodomys alleni Marmosa mesicana 18489
42 | Didelphis marsupialis 4.6508 | (YES, 03[ myotis elegans Hylomycteris underwoodi 18977
43 |Philander opossum 4.5204| o3| Diphylla ecaudata Perormyscus furvus 1 B759
44| Habromys lepturus 45801 54| Micronycteris megalotis Pappogeomys merriami 1 B687
45| Coendou mexicanus 45175 55| Myctinomops laticaudatus Tonatia brasiliense 1 B687
46| Maolessus sinaloas 4,4670| 96| Sciurus dappei spilogale pygmasa 1 B687
47| orthogeomys grandis 4,4437| 57| sigmadan alleni Molossus pretiosus 1 B687
43| oryzomys alfarol 2.4041 SE|Uroderma bilobatum Diclidurus albus 1 B687
49| Didelphis virginiana 43131 55| oryzomys melanctis Liomys pictus 18210
50|PEromyscus aztecus &.2975 100| Cdocoileus virginianus spilogale putorius 16746




Construccion del modelo predictivo

de score derivada de naive Bayes calculamos la contribucion de

on
una variable 1 a la presencia de una especie B

Utilizando un funci
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Mammals Conf. Nammals M Mammals Conf
m— p— — — p—
1|Eira barbara 8.0256| 51| Myotis kaaysi 4.2596 101 | Enchisthenes hartii
2| Heteromiys gaumeri 7.3805| @ 52| Macrotus maxicanus 4.1863 102 | Chrotoptarus aurtus
3|Rhogesssa asneus EETEE Dl 53|Sciurus yucatanensis 41373 103 | vampyrodes caraccicl
4|Dasyprocta punctata 7.1071 54| Alouztia paliiata 4.0343 104 | Natalus stramineus
| 5| Peromyscus medcanus 5.345 Reithrodontomys microden 4.0343 | 105|oligoryzomys fulvescens
&|Reithrodontomys gracilis 6.82E3 56| Cryptotis magna 40218 106 | Microtus oaxacensis
7|Heteromys desmarestiznus 6.7365 57| Qtonycvomys hatti 4.0218 107 | Sciurus varegatoides
8|orthogeomys hispidus 5.5434| 58| Tylomys nudicaudus 3.9872 108 | Eumaps bonariensis
9|carollia sowelli 65.542; tumida 39779 109 | artibeus cinereus
4 60.00 40.00 B 10| Dermanura phazotis 5.531! 60| Artibeus lituratus 3.977¢ 110| artibeus glawvcus
' . 11| Dasyprocta mexicana 64628 61| Mormoops megalophylla 3.9317 111|0ryzomys saturatior
12 |carollia perspicillata 6.4421 62|Choeroniscus godmani 3.8 112| Peromyscus gymnotis
L 3500 13[Molossus ater 5.2415 63| Peropteryx macrotis 3.8806 113|Lasiurus ega
50.00 - 14| Artibaus intermedius 5.2252 64| Artibeus jamaicensis 3.703 114|sturnira ludovici
Conepatus semistristus 65| Canturio senex 3.7033 115|Phyllostomus discolor
30.00 Micromycteris brachyotis 66| Sorex veraspacis 3.7025 116|Eptesicus furinalis
20.00 - Glossophaga soricina 67| OryZomys rosratus 3.7026 117|Lencheorhing aurita
25.00 carollia brevicauda 6B|Tamandua mexicana 3.6461 118|Platyrrhinus helleri
ateles geoffroyi 63| Saccopteryx bilineata 3.6413 119|Tlacuatzin canescens
g Glossophaga morenoi 70|Pteronotus personatus 3.6300 120{Ag0uti paca
30.00 2000 § Microtus umbrosus 71|Sylvilagus brasiliensis 3 SEE2 171|Leopardus wiedi
2 [ Thiyroptera tricolor 72| Preronotus davyi 3.4724] 1322 |carolia subrufa
v Poitos flavus 73| Baiomys musculus 3.4138 123 Balantiopteryx plicata
20.00 - 15.00 g Perormyscus malanocarpus 74| Peromyscus simulatus 3.4040 124| Peromyscus megalops
o Peromyscus yucatanicus 75|Rhogeessa gracilis 2.4040 125| Myotis albescens
10.00 Pteronatus parnelli 76| Bassariscus sumichrasti 3.3864] 126|Eptesicus brasliensis
10.00 - Oryzomys Ccouesi 77|Leptonycteris sanborni 3.3864] 127|Tonatia evotis
Sturnira lilium 78| Glossophaga mexicana 3.3864] 128|Sphiggurus mesicanus
5.00 Desmodus rotundus 78| Oryzomys fulvescens 3.3864] 129| Vampyrum spectrum
sigmodon hispidus E0[Rheomys thomasi 3.3806 130|Tapirus bairdi
0.00 | 31|Habromys ixtlani | E1|Heteromys goldmani | Tamandua tetradactyla
0-00] Microtus waterhousii 82| Milossus rufus Glossophzgz commissarisi
Pteronotus rubiginosus E3|sigmodon orizonae 3.3808 Eumops glaucinus
-10.00 -5.00 Artibaus watzoni Ba{mimen cozumelas 3.3585 Miman bannattii
N 35| Balantiopteryx balantiopteryx £5|Ghossophaga leachii 3.3235 5| artibaus phaeotis
36| Ototylomys phyllotis £68|Herpailurus yagouaroundi 3.2853 Peromyscus leucopus
37| Masua narica E7|5ciurus auracgaster 3.266: Reithrodontomys mexicanus
38| mMegadontomys cryophilus £8|Lentra longicaudis 3.2487 Lasiurus intermedius
39| Cunioulus paca B5|Mazama americana 3.2367 Sigmodon masootensis
40| Chiroderma villosum 20|Balantiopteryx io 3.2367 Rhynchonycteris naso o
41|0ryzomys chapmani 21|Hodomys alleni 3.2231 Marmosa mesicana
42 | Didelphis marsupialis 03[ myotis elegans 3.1422 Hylomycteris underwoodi 18977
43 |Philander opossum o3| Diphylla ecaudata 3.0873 Perormyscus furvus 1 B759
44| Habromys lepturus 54| Micronycteris megalotis 3.0873 Pappogeomys merriami 1 B687
45| Coendou mexicanus 55| Myctinomops laticaudatus 3.0838 Tonatia brasiliense 1 B687
46| Maolessus sinaloas 96| Sciurus dappei 3.0650 spilogale pygmasa 1 B687
47| orthogeomys grandis 57| sigmadan alleni 3.0368 147 | nMolessus pretiosus 1 B687
43| oryzomys alfarol SE|Uroderma bilobatum 3.0368 1338 | Diclidurus albus 1 B687
49| Didelphis virginiana 55| oryzomys melanctis 3.0265 149 Liomys pictus 18210
50|PEromyscus aztecus 100| Cdocoileus virginianus 2.8956 150(Spilogale putorius 16746
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Ecological Modelling

journal homepage: www.elsevier.com/locate/ecolmodel

Comparing the relative contributions of biotic and abiotic factors as mediators of
species’ distributions

Constantino Gonzalez-Salazar®%* Christopher R. Stephens?:¢!, Pablo A. Marquetd.€:f.2
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TOP DECILE BOTTOM DECILE
Optimal niche conditions for L. rufus Suboptimal niche conditions for L. rufus
ABIOTIC VARIABLES ~ RANGE Epsilon Score ABIOTIC VARIABLES ~ RANGE Epsilon Score.
contribution contribution

BlIO1 -2.7-16.7 5.488 6.109 BIO9 19.8-29.7 -4.177 -0.821

BIO6 -94-34 5.327 3.005 BlIO11 19-28.6 -3.930 -5.379

BIO8 22-147 4.797 1.096 BIO6 6.8-19.9 -3.578 -1.902

BlO4 25.35-48.95 4.704 1.393 BlO1 23.3-29.7 -3.452 -3.128

BIO9 -35-16.4 4.687 5.758 BIO16 619 - 1618 -3.060 -3.268

BIO11 -3.6 -16.5 4.632 7.050 BIO7 11.5-21.4 -2.853 -1.656

BIO16 219 - 418 4.602 0.524 BIO17 88-219 -2.782 -1.091

BIO5 7.7-305 4.330 1.777 BlO2 7.3-11.9 -2.594 -0.954

BIO10 -2.7-22 4.266 2.33 BIO13 238 - 620 -2.59 -3.996
BlO12 974-3302 -2.512 -1.413
BlO14 26-63 -2.253 -4.666
BIO18 374 - 870 -2.219 -1.068

PREYS PREYS

Spermophilus variegatus 13.824 1.883 Sylvilagus floridanus 11.004 1.439

Sylvilagus floridanus 11.004 1.439 Neotoma mexicana 8.034 1.378

Neotoma albigula 9.143 1.604 Didelphis virginiana 5.553 1.054

Microtus mexicanus 8.846 1.776 Nasua narica 5.270 1.147

Dipodomys ordii 8.636 1.565 Odocoileus virginianus 4.457 1.589

Dipodomys merriami 8.618 1.306

Neotoma mexicana 8.034 1.378

Sigmodon leucotis 6.275 1.982

Sylvilagus audubonii 5.972 1.556

Didelphis virginiana 5.553 1.054

Cratogeomys merriami 5.385 2.031

Nasua narica 5.270 1.147

Dipodomys deserti 5.057 2.059

Dipodomys nelsoni 4.972 1.453

Odocoileus virginianus 4.457 1.589

Romerolagus diazi 4.427 4.362

Dipodomys gravipes 4.296 2.465

Dipodomys spectabilis 4.039 1.366

Neotomodon alstoni 3.860 1.589

Ammospermophilus harrisii 3.700 2.128

Dipodomys agilis 3.469 1.248

Spermophilus tereticaudus 2.332 1.366

Dipodomys simulans 1.875 1.877

Mustela frenata 1.810 0.928

Sylvilagus cunicularius 1.743 1.030

POTENTIAL COMPETITORS POTENTIAL COMPETITORS

Leopardus pardalis 3.373 1.147 Leopardus pardalis 3.373 1.147

Panthera onca 2.559 0.928 Panthera onca 2.559 0.928

Leopardus wiedii 1.597 0.735 Leopardus wiedii 1.597 0.735

Herpailurus yagouaroundi 1.138 0.524 Herpailurus yagouaroundi 1.138 0.524

LAND COVER LAND COVER

Grassland 4.883 0.629 Low forest evergreen with secondary vegetation -2.088 -0.430

Plantation forest 4.738 1.934 Savannah -2.202 -1.907

Xeric scrub with secondary vegetation 4.283 1.094 Agriculture areas -2.245 -0.395

Oyamel forest 4.274 1.256 Cloud forest with secondary vegetation -2.439 -2.061

High mountain meadow 4.042 1.812 Mangrove -2.506 -1.191

Agriculture areas 3.903 0.745 Tropica] evergreen forest with secondary 2540 3532
vegetation

Xeric scrub 3.955 0.678 Tropical evergreen forest -2.566 -3.575

Coniferous forest 3.878 0.565 Deciduous tropical forest -2.924 -1.816

Quercus forest 3.858 0.475 Deciduc_)us tropical forest with secondary 3143 2471
vegetation

Human establishment 3.661 0.356

Coniferous forest with secondary vegetation 3.631 0.591

Quercus forest with secondary vegetation 3.457 0.468
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