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Poblacion y Cambio Climatico

La poblacién percibe los efectos del cambio climatico principalmente en los desas-

tres, asociados a la mayor intensidad o frecuencia de eventos climaticos extremos

[lUluvias intensas, sequias]. Aluviones, deslizamiento, inundaciones, son cada vez
mas fuertes y recurrentes, asi como las olas de calor y heladas.
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de Los Andes S pac cuenta con mecanismos eficientes de planificacidn. Su vulnerabilidad depende

en parte de su capacidad de prevencidn, preparacion y adaptacion. EL cambio
climatico es un desafio adicional al proceso de estabilidad y desarrolle eco-
nomico y social.
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i o o B Los ecosistemas andinos [punas, bofedales, humedales, turberas,
e e bosques] proveen diversos servicios ecosistémicos que garantizan la

sequridad alimentaria y sanitaria, tanto de las poblaciones de mon-
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La retribucion por servicios ecosistémicos a través de la imple-
mentacidn de infraestructura natural para la seguridad hi-
drica, o soluciones basadas en la naturaleza como medida
de adaptacion al cambio climatico, son alternativas que
permiten salvaguardar el acceso sostenible a recursos
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Las vegetacion de alta-montana (alpina, alto-andina, etc.) es aquella que se desarrolla por sobre el
limite altitudinal que crecen los arboles
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ig. 4.10. Seasonal mean temperature and length of growing season at treeline across 40 locations worldwide, plotted against
atitude (Kérner and Paulsen 2004 and newer data). Closed symbols in the map are for climatic treelines, open symbols for non-
reeline species limits. For regions with more than two sites only means are shown



Habitats de alta-montana son reconocidos por su rigurosidad
climatica

« Bajas temperaturas

* Fuertes vientos

« Sustratos inestables

» Corta estacion favorable
para el crecimiento
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ANDES MEDITERRANEOS
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Cobertura global: ~2,6% de la tierra fuera de la Antartida. A pesar de condiciones extremas
(temperaturas frias, alta radiacion, suelos inestables, etc.) albergan ~10.000 especies de plantas.
Andes centrales, Himalaya HOT-SPOT de Biodiversidad
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Importancia: Vital para la biodiversidad, la regulacion
del agua y el almacenamiento de carbono.

MOUNTAIN ECOSYSTEM GOODS AND SERVICES
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and landslides Snow avalanches ; !
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REVIEW: BIODIVERSITY

Global Biodiversity Scenarios for the Year 2100 DRIVERS
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Global Warming Is
Changing the World

An international climate assessment finds for the first time that
humans are altering their world and the life in it by altering climate;
looking ahead, global warming’s impacts will only worsen

Just how bad climate change is for current
and future generations depends on choices

we make now - or very soon

IPCC PUBLISHES ITS LAST
REPORT ON CLIMATE CHANGE
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Humboldt's Tableau Physique revisited

Pierre Moret®'2, Priscilla Muriel®, Ricardo Jaramillo®, and Olivier Dangles“®"

1802-2012
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Fig. 1. Details of two sketches of the vegetation of the Andes by Humbeldt. (A) From the Tableau Physigue, 1807 (3). (B) From the Sketch of the Geography BE B L % a é E -g E [ i g E E 2 § f{ -g g % % % E £ 3 E o .g % 0
of Plants in the Andes of Quito, 1824 (17). On the enlarged panels, the added elevation lines are deduced from the lateral vertical scale of each tableau, not ~ 3_\ 3 2 E =~ Q £ g z E & < 8 g = § : 5 < w 8 35 3 -% E § ~ @
visible here (51 Appendix, section 1, Figs. 51 and 52). The bottom line of permanent snow at 4,795 m isthe same in both cross-sections, but in 1824 two vascular D 'gj &I‘_ﬁ .El *E E) E g (SR b o < 8 o E ‘3
plants were placed above thisline, along with a moss and a lichen that are not included in our study. Species highlighted in red are examples of elevational o g (?j o« =

shifts between the two sketches.
Fig.4. Botanical resurvey of Mt Antisana (Ecuader) guided by historical data. (A) Map of Antisana with the route taken by Humboldt and Bonpland in 1802
(in red). Place names and itinerary were retrieved from Humboldt's diary (5 Appendix, section 4). (B and C) Two pictures of the sites where Humbeoldt and
Bonpland botanized (B: site 4, cave on the northwestern flank of Mt Antisana; C: site 1, Hacienda Antisana with the velcano in the background). (D) Past
(1802) and current elevational range of the species collected by Bonpland and Humboldt at Antisana. Names in gray: not resampled species (S/ Appendix,
section 3.4); struck-through red dots: wrong data (5! Appendix, section 3.3); blue box: suggested upslope shift of the bottom limit.



Cambios observados en temperatura y vegetacion de las cumbres (5-9 aios)
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Cuesta et al. (2023)

Predominan cambios significativos en las temperaturas
(min, max, amplitud)
Cambios heterogéneos en cobertura de plantas: aumento
moderado en Punas y Patagonia y reduccion marcada en los
paramos y en cumbres mas altas
Tendencia general a aumento de la riqueza de plantas:
mas marcado en el paramo y cumbres de baja elevacion
Aumento abundancia de especies con nichos térmicos
amplios y 6ptimos térmicos altos (y reduccion de
abundancia de especies endémicas, especialmente en
paramos)
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s Cual es la distribucion altitudinal de las plantas nativas y
exoticas?
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Riqueza especies (2007-2023)
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Understanding climate change impacts on biome and plant
distributions in the Andes: Challenges and opportunities
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REVIEW: BIODIVERSITY

Global Biodiversity Scenarios for the Year 2100
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Relative effect of major drivers of chang-
es on biodiversity.
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Invasiones por especies no-nativas




La severidad ambiental junto con otros factores (por ejemplo, pocas perturbaciones
humanas) sugerian una escasa presencia de especies no-nativas

Incremento en la intensidad

Cambio
del uso del suelo

Climatico
M Severidad Resistencia Perturbacion Presién de

climtica  Biética humana  propagulos

ke Directo desde
otras montanas _

Incremento de

transporte

Entre montanas

ur

Elevacion

Dispersion
desde
Tierras bajas

Factores que afectan la invasion Vias de la invasion de
de plantas en montanas plantas en montaias
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@ Rumex acetosella (exoética invasora) se ha convertido en una especie
dominante en el superparamo (sobre los 4000 m elevacion)

Colonizo la cumbre de 4600 m en 2023

PB4, 4400 m

Cumbre monitoreo (GLORIA)
4400 m




Primeros colonizadores despues del
retroceso glaciar: plantas introducidas!

24 November 2018 |:> +35 18 March 2022
years

Colombia, glaciar Conejeras

Poa annua



Biodiversity and Conservation (2023) 32:4199-4219
https://doi.org/10.1007/510531-023-02697-6
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Going up the Andes: patterns and drivers of non-native plant
invasions across latitudinal and elevational gradients

Eduardo Fuentes-Lillo™23#. Jonas J. Lembrechts* . Agustina Barros® -
Valeria Aschero® - Ramiro O. Bustamante®® - Lohengrin A. Cavieres®” - Jan Clavel®-
lleana Herrera®’ . Alejandra Jiménez'? . Paula Tecco'® - Philip E. Hulme'" .

Martin A. Narnez'? - Ricardo Rozzi'*'* . Rafael A. Garcia'2 - Daniel Simberloff'® .

Ivan Nijs* - Anibal Pauchard'?

Table 1 The 20 most conunon non-native plant species (in Species name alphabetical order) present in the
Andes mountain range. their growth form. biogeographic region of origin and countries of occmrence, For

the complete list of species present in the Andes mountains. see Table S1

4206

Biodiversity and Conservation (2023) 32:4199-4219

Family Species Growth form Biogeographic  *Country
origin
Fabaceae Aeacia deaibata Tree Oceania ChC. ChS
Poaceae Agrostis capillaris  Graminoid — Europe EC. ChC. ChS
Poaceas Dactviis glomerara Graminoid — Europe EC. BO. Ven. ChC.
ChS
Poaceae Echinachioa Graminoid  Europe Arg, ChC, Chs
crus-galli
Poaceae Holeus lanatus Graminoid  Europe EC.BO. ChC. ChS
Juncaceae Juncus bufonis Forb Europe ChC. Chs
Poaceae Lofium perenne Gramnoid  Europe/Africa  Arg. ChC. CLS
Asteraceae Matricaria vecutita  Forb Europe ChC. Chs
Poaceae Pennisetum Graminoid — Africa EC.BRO
clandestinm
Pinaceae Pinus radiata Tree North America  ChC. ChS
Plantaginaceae Plantago lanceolata  Forb Europe EC. Ven. ChC
Poaceae Poa annua Graminoid  Europs EC. Ven. BO. ChC.
ChS. Arg
Lamiaceae Prumella vidgaris Forh Europe/Asia EC. BO, ChC
Pinaceae Pseudorsuga Tree North America  ChC. ChS
Menzresiy
Polygonaceae Rumex acerosella Forb Europe EC.BO. ChC. Chs
Caryophyllaceae Sagina procumbens  Forb Europe EC.BO. ChC
Carvophyllaceas Stlene gallica Forb Europe EC.BO. Chs
Asteraceae Taraxaecium Forh Furope EC.BO. Ven. ChC.
officinale Chs
Fabaceae Trifolium dubium Forb Europe EC. Arg, ChC. ChS
Fabaceae Trifoliwm repens Forh Europe EC, Ven, Arg,
ChC. ChS

*Paramo: Ven=Venezuela. EC=Ecuador: Puna: BO=Bolivia: South Andean Steppe: Arg=Argentina.

ChC =Central Chile, ChS =South Chile
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N° species

Altitudinal variation in total species richness

60 -

40 -

20

Ca.20%

e195Natives
e 48 Non-natives

0
1800

2000

2200 2400 2600

2800

3000 3200 3400

Elevation (m a.s.l.)

3600

Cover ranking
Farellones 2007

Erodium cicutarium
Hirschfeldia incana

Populus nigra

Hordeum murinum

Cerastium arvense
Sisymbrium orientale
Cynoglossum creticum

Robinia pseudoacacia
Lactuca serriola
Convolvulus arvensis
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Frecuencia con y sin Erodium cicutarium 



con Erodium	Microsteris gracillis	Collomia biflora	Lupinus microphyllus	Madia sativa	Poa denudata	Tropaeolum sessilifolium	Haplopappus schumanni	Convolvulus sp	Acaena pinnatifida	Hordeum comosum	Bromus sp1	Quinchamalium chilense	Adesmia sp1	Bromus sp2	Cynoglossum creticum	Polygonum aviculare	Perezia carthamoides	Ephedra andina	Hypochaeris sp	Oenothera acaulis	Sisyrinchium arenarium	Berberis empetrifolia	Chaetanthera euphrasioides	Adesmia sp2	Alstroemeria pallida	Carex andina	Chenopodium sp1	Senecio eruciformis	Stachys philippi	Sanicula graveolens	Solanum ligustrinum	Descurainia pipinellifolia	Junellia spatulifolia	Nassauvia looseri	47	42	40	28	27	13	11	10	10	9	8	7	6	6	6	5	3	1	1	1	1	1	1	0	0	0	0	0	0	0	0	0	0	0	sin Erodium	Microsteris gracillis	Collomia biflora	Lupinus microphyllus	Madia sativa	Poa denudata	Tropaeolum sessilifolium	Haplopappus schumanni	Convolvulus sp	Acaena pinnatifida	Hordeum comosum	Bromus sp1	Quinchamalium chilense	Adesmia sp1	Bromus sp2	Cynoglossum creticum	Polygonum aviculare	Perezia carthamoides	Ephedra andina	Hypochaeris sp	Oenothera acaulis	Sisyrinchium arenarium	Berberis empetrifolia	Chaetanthera euphrasioides	Adesmia sp2	Alstroemeria pallida	Carex andina	Chenopodium sp1	Senecio eruciformis	Stachys philippi	Sanicula graveolens	Solanum ligustrinum	Descurainia pipinellifolia	Junellia spatulifolia	Nassauvia looseri	50	41	40	24	27	18	22	6	11	11	4	6	4	4	5	4	7	1	1	1	2	3	9	1	1	1	1	1	1	2	2	3	3	3	









con_Erod

		nombre				C_1		C_2		C_3		C_4		C_5		C_6		C_7		C_8		C_9		C_10		C_11		C_12		C_13		C_14		C_15		C_16		C_17		C_18		C_19		C_20		C_21		C_22		C_23		C_24		C_25		C_26		C_27		C_28		C_29		C_30		C_31		C_32		C_33		C_34		C_35		C_36		C_37		C_38		C_39		C_40		C_41		C_42		C_43		C_44		C_45		C_46		C_47		C_48		C_49		C_50

		Acae_pinn				1		1		0		1		0		0		1		1		1		1		0		0		0		0		0		0		1		0		0		0		0		0		1		0		0		0		0		0		0		1		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		11

		Ades_pinc				0		0		1		0		0		0		0		0		0		0		1		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		4

		Ades_plom				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		1

		Alst_pall				0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1

		Berb_empe				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		1		0		0		0		0		0		0		1		0		0		0		0		3

		Brom_pelu				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		4

		Brom_spp				0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		1		0		0		0		0		0		0		4

		Care_andi				0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1

		Chae_euph				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		1		0		0		1		0		0		0		0		0		0		0		1		0		0		0		0		1		1		1		0		0		0		0		0		1		0		1		0		0		0		9

		Chen_spp				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1

		Coll_bifl				0		1		1		1		1		1		1		1		1		1		1		1		1		1		0		0		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		0		0		1		1		1		1		0		0		1		1		1		1		1		0		1		0		1		1		41

		Conv_ARVE				0		0		1		0		0		0		0		0		0		0		0		1		0		0		1		0		0		0		0		0		0		1		0		0		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		6

		Cyno_cret				0		0		1		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		1		0		5

		Desc_PIMP				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		3

		Ephe_andi				1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1

		Erod_cicu				1		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		3

		Hapl_schu				0		1		0		0		0		0		0		0		0		0		1		1		0		1		1		0		1		0		1		1		1		0		1		1		0		0		0		1		1		0		0		1		0		1		1		1		0		0		1		0		0		0		1		1		0		0		0		0		1		1		22

		Hipo_SPP				0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1

		Hord_como				1		0		1		0		0		0		0		1		0		1		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		1		0		0		0		0		1		0		1		0		1		0		1		0		0		11

		June_SPAT				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		3

		Lupi_micr				1		1		1		0		0		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		0		0		1		1		1		1		1		0		0		0		1		1		1		0		1		0		0		1		1		1		1		40

		Madi_SATI				0		0		0		0		0		1		0		0		1		1		0		0		0		1		1		1		1		1		1		1		1		0		0		0		0		0		1		0		1		1		1		0		1		1		1		1		1		0		0		0		1		1		1		0		0		0		0		0		1		0		24

		Micr_grac				1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		50

		Nass_loos				1		1		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		3

		Oeno_acau				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1

		Pere_cart				0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		1		1		0		0		0		1		1		0		0		0		0		0		7

		Poa_DENU				1		1		0		0		0		0		0		1		1		1		0		0		0		0		1		0		1		1		1		1		1		0		0		0		1		1		0		1		1		0		0		0		1		1		1		0		1		1		1		0		1		0		1		1		0		1		0		1		1		0		27

		Poly_avic				0		0		1		0		0		0		0		0		1		0		0		0		0		0		0		0		1		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		4

		Quin_chil				0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		0		0		0		0		0		0		1		0		1		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		6

		Sani_grav				0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2

		sene_ERUC				0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1

		sola_LIGU				0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2

		Stac_PHIL				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1

		Sysi_aren				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2

		Trop_sess				0		0		0		1		0		1		0		0		0		0		1		0		1		1		0		0		0		0		1		0		1		1		0		0		0		0		0		0		0		1		0		1		0		0		1		1		1		0		1		1		0		0		1		1		0		0		1		0		0		0		18

		Acae_pinn				1		0		0		0		0		1		1		1		1		1		0		0		0		0		1		0		1		0		0		0		0		0		0		0		1		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		10

		Ades_pinc				0		0		1		0		0		1		0		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		6

		Ades_plom				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Alst_pall				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Berb_empe				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1

		Brom_pelu				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		0		0		0		0		0		0		0		0		1		1		1		1		0		0		0		0		1		1		0		0		0		0		0		0		0		8

		Brom_SPP				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		1		0		1		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		1		1		0		0		0		0		0		0		0		6

		Care_andi				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Chae_euph				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1

		Chen_spp				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Coll_bifl				0		1		0		1		1		0		1		1		1		1		1		1		1		1		0		1		1		1		1		1		1		1		1		1		1		1		0		1		1		0		1		1		1		0		1		1		1		1		1		1		0		1		1		1		1		1		1		1		1		1		42

		Conv_ARVE				0		0		0		1		0		0		0		1		0		0		1		0		1		0		0		0		1		0		0		0		1		0		0		0		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		10

		Cyno_cret				1		0		0		1		1		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		6

		Desc_PIMP				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Ephe_andi				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Ephe_andi				1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1

		Erod_cicu				1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		50

		Hapl_schu				0		0		0		0		0		0		0		0		0		0		1		1		0		0		0		0		0		0		0		0		0		1		1		0		0		0		0		1		0		1		1		0		0		1		0		0		0		1		1		1		0		0		0		0		0		0		0		0		0		0		11

		Hipo_SPP				0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1

		Hord_como				0		1		0		1		1		1		1		1		1		0		0		1		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		9

		June_SPAT				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Lupi_micr				0		1		1		0		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		0		1		1		1		1		1		1		1		0		1		1		1		0		1		0		1		1		1		0		1		0		0		1		1		0		1		1		1		40

		Madi_SATI				0		0		0		1		0		1		1		1		1		1		0		0		0		1		1		0		1		1		1		1		1		0		0		0		0		1		1		0		0		1		0		1		1		1		1		1		1		1		0		0		1		1		1		1		0		0		0		0		1		0		28

		Micr_grac				1		1		1		1		1		1		1		1		0		1		0		1		1		1		0		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		47

		Nass_loos				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Oeno_acau				0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1

		Pere_cart				0		0		0		1		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		3

		Poa_DENU				1		1		1		0		1		0		1		1		0		1		1		1		0		0		0		0		0		1		1		1		0		0		0		1		0		0		0		0		0		0		1		1		0		1		1		1		1		1		1		1		1		0		0		0		1		1		0		1		1		0		27

		Poly_avic				0		0		0		0		0		0		0		0		1		1		0		0		0		0		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		5

		Quin_chil				0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		1		0		0		0		0		0		1		0		0		0		0		1		1		1		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		7

		Sani_grav				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		sene_ERUC				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		sola_LIGU				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Stac_PHIL				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Sysi_aren				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1

		Trop_sess				0		0		0		0		0		0		0		0		0		0		0		0		1		0		1		0		0		0		0		1		1		0		0		1		1		0		0		0		0		0		1		0		1		0		0		0		1		0		0		1		1		0		0		0		1		0		0		0		1		0		13





Hoja3

		nombre				con Erodium		sin Erodium

		Micr_grac		Microsteris gracillis		47		50

		Coll_bifl		Collomia biflora		42		41

		Lupi_micr		Lupinus microphyllus		40		40

		Madi_SATI		Madia sativa		28		24

		Poa_DENU		Poa denudata		27		27

		Trop_sess		Tropaeolum sessilifolium		13		18

		Hapl_schu		Haplopappus schumanni		11		22

		Conv_ARVE		Convolvulus sp		10		6

		Acae_pinn		Acaena pinnatifida		10		11

		Hord_como		Hordeum comosum		9		11

		Brom_pelu		Bromus sp1		8		4

		Quin_chil		Quinchamalium chilense		7		6

		Ades_pinc		Adesmia sp1		6		4

		Brom_spp		Bromus sp2		6		4

		Cyno_cret		Cynoglossum creticum		6		5

		Poly_avic		Polygonum aviculare		5		4

		Pere_cart		Perezia carthamoides		3		7

		Ephe_andi		Ephedra andina		1		1

		Hipo_SPP		Hypochaeris sp		1		1

		Oeno_acau		Oenothera acaulis		1		1

		Sysi_aren		Sisyrinchium arenarium		1		2

		Berb_empe		Berberis empetrifolia		1		3

		Chae_euph		Chaetanthera euphrasioides		1		9

		Ades_plom		Adesmia sp2		0		1

		Alst_pall		Alstroemeria pallida		0		1

		Care_andi		Carex andina		0		1

		Chen_spp		Chenopodium sp1		0		1

		sene_ERUC		Senecio eruciformis		0		1

		Stac_PHIL		Stachys philippi		0		1

		Sani_grav		Sanicula graveolens		0		2

		sola_LIGU		Solanum ligustrinum		0		2

		Desc_PIMP		Descurainia pipinellifolia		0		3

		June_SPAT		Junellia spatulifolia		0		3

		Nass_loos		Nassauvia looseri		0		3



Frecuencia con y sin Erodium cicutarium 



con Erodium	Microsteris gracillis	Collomia biflora	Lupinus microphyllus	Madia sativa	Poa denudata	Tropaeolum sessilifolium	Haplopappus schumanni	Convolvulus sp	Acaena pinnatifida	Hordeum comosum	Bromus sp1	Quinchamalium chilense	Adesmia sp1	Bromus sp2	Cynoglossum creticum	Polygonum aviculare	Perezia carthamoides	Ephedra andina	Hypochaeris sp	Oenothera acaulis	Sisyrinchium arenarium	Berberis empetrifolia	Chaetanthera euphrasioides	Adesmia sp2	Alstroemeria pallida	Carex andina	Chenopodium sp1	Senecio eruciformis	Stachys philippi	Sanicula graveolens	Solanum ligustrinum	Descurainia pipinellifolia	Junellia spatulifolia	Nassauvia looseri	47	42	40	28	27	13	11	10	10	9	8	7	6	6	6	5	3	1	1	1	1	1	1	0	0	0	0	0	0	0	0	0	0	0	sin Erodium	Microsteris gracillis	Collomia biflora	Lupinus microphyllus	Madia sativa	Poa denudata	Tropaeolum sessilifolium	Haplopappus schumanni	Convolvulus sp	Acaena pinnatifida	Hordeum comosum	Bromus sp1	Quinchamalium chilense	Adesmia sp1	Bromus sp2	Cynoglossum creticum	Polygonum aviculare	Perezia carthamoides	Ephedra andina	Hypochaeris sp	Oenothera acaulis	Sisyrinchium arenarium	Berberis empetrifolia	Chaetanthera euphrasioides	Adesmia sp2	Alstroemeria pallida	Carex andina	Chenopodium sp1	Senecio eruciformis	Stachys philippi	Sanicula graveolens	Solanum ligustrinum	Descurainia pipinellifolia	Junellia spatulifolia	Nassauvia looseri	50	41	40	24	27	18	22	6	11	11	4	6	4	4	5	4	7	1	1	1	2	3	9	1	1	1	1	1	1	2	2	3	3	3	









Hoja1

		nombre										nombre

		Acae_pinn										Acae_pinn		1

		Ades_pinc										Ades_pinc		2

		Berb_empe										Berb_empe		3

		Brom_SPP										Brom_SPP		4

		Brom_pelu										Brom_pelu		5

		Chae_euph										Chae_euph		6

		Coll_bifl										Coll_bifl		7

		Conv_ARVE										Conv_ARVE		8

		Cyno_cret										Cyno_cret		9

		Ephe_ANDN										Ephe_ANDN		10

		Erod_cicu										Erod_cicu		11

		Hapl_schu										Hapl_schu		12

		Hipo_SP										Hipo_SP		13

		Hord_como										Hord_como		14

		Lupi_micr										Lupi_micr		15

		Madi_SATI										Madi_SATI		16

		Micr_grac										Micr_grac		17

		Oeno_acau										Oeno_acau		18

		Pere_cart										Pere_cart		19

		Poa_DENU										Poa_DENU		20

		Poly_avic										Poly_avic		21

		Quin_chil										Quin_chil		22

		Sysi_aren										Sysi_aren		23

		Trop_sese										Trop_sese		24

		Acae_pinn										Ades_plom		25

		Ades_pinc										Alst_pall		26

		Ades_plom										Care_andi		27

		Alst_pall										Chen_spp		28

		Berb_empe										Desc_PIMP		29

		Brom_spp										Ephe_andi		30

		Brom_pelu										Hipo_SPP		31

		Care_andi										June_SPAT		32

		Chae_euph										Nass_loos		33

		Chen_spp										Sani_grav		34

		Coll_bifl										sene_ERUC		35

		Conv_ARVE										sola_LIGU		36
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Hoja2
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Agricultura

 Remocion de
vegetacioén

« Sequia de suelo

* Erosioén

* Disminuciéon de materia
organica

* Menor infiltracion (300%
mas escorrentia)

* 30-40% disminucién de
retencion hidrica




Ganaderia

« Compacta el suelo
(hasta 15%)

* Disminuya
vegetacion (75%)

* Erosion y sequia
superficial, puntual

* 15-20% menos
retencion de agua

* Menor infiltracién (30-
100% mas
escorrentia)

« Quemas intensifican
el efecto




Mineria

Ganaderia

Centros

Ganaderia /4
de ski

Ganaderig/~ APVA

Mineria 4 s L

Mineria

Cultivos



Regidn

Paramo

Puna

Andes
Australes

Uso Histdrico

Baja intensidad
prehispanica, luego
haciendas coloniales,
cultivo de trigo,
ganaderia
bovina/ovina

Asentamientos
humanos desde hace
12-15,000 anos,
domesticacion de
camélidos nativos,
agropastoralismo

Habitada
estacionalmente por
cazadores-
recolectores; pastoreo
transhumante desde
hace 2000 anos

Ganaderia

Ganado bovino y
ovino, impacto fuerte
sobre vegetacion y
suelos

Pastoreo tradicional y
con especies exoticas,
impacto sobre
humedales
altoandinos

Pastoreo de ovejas y
cabras en expansion,
provoca erosion vy
competencia con
herbivoros nativos

Agricultura

Cultivo intensivo de
papay trigo; pérdida
de cobertura natural;
erosion

Ha disminuido frente a
la ganaderia; manejo
tradicional con fuego y
rotacion

Limitada a zonas bajas;
expansion de pasturas
hacia mayores
elevaciones

Impacto de Mineria

Mineria de carbodn,
oro, cobre;
destruccion localizada
de vegetacion y suelos

Extendida;
contaminacion del
agua, uso de
vegetacion como
combustible

Gran escala en Chiley
Argentina; remocion
de suelos, consumo de
agua, contaminacion
toxica

Urbanizacion /
Infraestructura

Poca urbanizacion;
conflicto social por
mineria

Crecimiento urbano
como El Alto afecta
ecosistemas y recursos
hidricos

Infraestructura minera
(caminos, represas)
centros skis



Bolivia, Cordillera Real: las turberas altoandinas (bofedales) necesitan pastoreo tradicional de camélidos

Turbera altoandina en Bolivia (bofedal) después de 10 afios sin pastoreo de camélidos es colonizada
por pastos de puna



Mountain ecosystems provide

carbon storage and cultural values

[CCPS5.2.1, CCP1, Ch 24]

Precipitation changes \ Decreasing

{e.g. drying up springs, pollinator diversity
erratic rainfall, cloud burst)

[CCP1,Ch 24,
[CCR5.22, CCBF'5.2.6. " Box 53]
Ch4.25]
&
b :
: Climate induced
Increasing hazards

wildfire weather (e.g. landslides)

[CCP-BOX 5.1, CCP1.2.2 [CCP5.2.6, CCP1,

WG ARG Ch 11.8.3] People in and around mountain regions depend Ch4.2.6 Ch 18]
on these services for livelihood, income
generation, food, health and well-being

[CCP5.2.3, CCP5.25,

Ch24,Ch82] Decreasing quality and

quantity of ecosystem products

Altering habitat conditions
[Ch 2.2, Ch 4, Ch 5 (ES), CCP1.2.2]

CLIMATE CHANGE [Ch 2.1, Ch 5.7, Ch 8.2.1, Ch1g]
Shortage of fodder
o Declining livestock populations Poverty o6

. Food, nutrition and health insecurity
' @ Outmigration [CCB-MIGRATE]

L
' E Increase in area of fallow land
[CCP5.2.3, CCP5.2.5) %&b

[
&
Decreasing regeneration potential

Threatening native and endemic species -
[CCP-BOX 5.1, CCP5.2.1, CCP5.2.3] ¥

v ¥
- &

ADAPTATION OPTIONS IN MOUNTAIN REGIONS

Promote water harvesting Promote mountain

\tootlop, rain watse), products (wid edibles,
and multi-purpose projects \ rr?educmas platgts.l
for disaster risk management ‘ é r.[?;: chnzp;. chpsu;s?l

5.27.2,Ch4.7.1.
[CCP5.2.6, CCP5.2.7.2, Ch4.7.1.1] Prsiniste Box 2.9, Ch 5.7]

é
"

agroforestry practices

Promote conservation of [CccpfszfgCESE;‘E‘S;EE’B?Q' g é
native flora and fauna o

and their habital restoration
.ﬂ

[CCPE.4.1,Ch2.2.8,
Ch 15.5.4, CCB-FEASEB]

Education and

awareness- Crop diversification/ .~ Helpspecies to Restoration of degraded
building crop change adapt and protect refugia land/wasteland
[ccps.2.7] [CCP5.2.7, CCP5.4.3] [CCP5.2.1, CCP5.2.6, CCP5.2.7] [CCP5.2.7]

Disminucion de la
resiliencia
ecologica

Alteracion de
ciclos hidricos
de nutrientes

fi



Monitoreo de Largo Plazo en Los Andes

v Avance significativo en la ultima década (vacio en
monitoreo socio-ambiental):

« GLORIA-Andes: temperaturas y vegetacion en
cumbres

 Red de Bosques Andinos: dinamica arboles

 IMHEA — Monitoreo Hidrolégico

* Monitoreo glaciar: Grupo de Trabajo en Hielos y
Nieves Andinos.

« Plataforma de Indicadores Socio-Ambientales de los
Andes (https://indicadores-andinos.condesan.org)

« Creacion de ROSA: Red de Observatorios Socio-
Ecoldgicos Andinos (7 observatorios/sitios de

aprendizaje)

]
]
o
0 250 500

-~ EE 1 km

Monitoring systems

® (limate and hydrology

@ Vegetation and disturbances
Fauna

@ Environmental quality

® Land use and land cover change
Socio-environmental

@ Social

Carilla et al. (2023)
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