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RESUMEN GENERAL

Las propiedades del nicho ecologiserfisuHutchinson) de una especie, tales como su
amplitud y posicion relativa en gradientes ambiestaleterminan su respuesta esperada
ante cambio climatico, en términos de la extend®su habitat y desplazamiento
proyectado en dichos gradientes, con diferenciasdai® ecologico basadas en sus
caracteristicas morfolégicas vy fisioldgicas espeast Los analisis y modelos de nichos
permiten comparar la condicion presente contra asygyoyectados frente a escenarios de
clima futuro, considerando las restricciones espeside migracion hacia nuevas zonas.
Se prevé que los bosques templados de Sudamépedragntaran cambios de
precipitacion contrastantes a lo largo de su 8istibn latitudinal y gradiente bioclimatico,
y cambios en temperatura mas homogéneos y conl@asityor expresion en el gradiente
altitudinal. Dado que es probable que diferentapag de especies que componen su
diversidad estructural.€. arboles dominantes principales, codominantegchek epifitos

y del sotobosque), respondan a distintos forzaitesiticos, en esta tesis se plantea que
dichas diferencias pueden redundar en efectosastatites en sus habitats ante cambio
climatico. En esta investigacion se analizaron cmaipzamente las caracteristicas
constitutivas de los nichos de 118 especies dégdajue comparten distribucion en dichos
bosques distribuidos en Chile centro y sur e inm@mpdo la capacidad de migracion
potencial futura especifica, asi aportando mayalisreo a los resultados, a diferencia de

estudios previos que no lo consideran.

Los analisis permitieron establecer diferencidasedns nichos y los forzantes
climaticos que los determinan para los grupos detas mencionadas, en relacion a rasgos
propios de cada grupo. Los resultados sugirieropatiron descrito para otros ecosistemas,
de relacién inversa entre amplitud de nicho y magnile cambios en el gradiente
altitudinal. No obstante, el patron observado dacrén al gradiente latitudinal fue directo,
es decir contrario a lo observado para otros geps#s, constituye un patron novedoso,
relacionado a las condiciones particulares deiti#@msbioclimatica y proyecciones de
cambio climético para la region respecto de otoosistemas analogos y por el efecto

Rappoport observado en los nichos en las espetitigadas.
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Esta tesis abordd ademas, un analisis de la éxtetis los habitats de las especies
mencionadas que integranheitspotde biodiversidad de Chile centro-sur, respect@ade
representacion bajo areas de conservacion. Corestfiprimer analisis de este tipo a nivel
de especies en plantas en Chile y que al contremtaa distribucion futura de las mismas,
dio evidencias de efectos del cambio climatico sddrepresentacion de los habitats,
considerando diferentes esquemas tanto de protefridal efectiva presente en Chile,
como aquellos propuestos para una potencial incacfgn futura. Lo anterior reveld que la
localizacion de las &reas de proteccion oficialtésante cambio climético, pero
insuficiente para el cumplimiento de metas globdkesepresentacion para la conservacion
in sity, y que el aporte de areas de potencial incorpaméaitura {.e. parques privados,
sitios prioritarios a escala nacional y regionates)jstituye una representacion aditiva que
virtualmente permitiria el cumplimiento de dichastas tanto para el presente como para el

escenario de cambio climatico futuro.
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ABSTRACT

The properties of ecological nicheefisuHutchinson) of a species, such as its breadth and
relative position within environmental gradientsgyrdetermine the expected response to
climate change, in terms of habitat size and exgokeshift in those gradients, with
differences in ecological niches based in theicgemorphological and physiological
traits. Niche modeling analyses are useful to campgresent condition with expected
changes at future climate scenarios, consideriegip migration constraints. It has been
predicted that South American temperate forestsexperience contrasting changes in
precipitation across the latitudinal distributiamdebioclimatic gradients, and more
homogeneous changes in temperature with a poggibdger expression in the elevational
gradient. Given that different species groups tloastitute a structural diversity for those
forests ((e. main dominant trees, co-dominant species, epipfgtns, ground ferns) may
respond to different bioclimatic drivers, in thiesis is presented that mentioned
differences may lead in contrasting effects inrthabitats due to climate change. In this
research the comparative niche characteristics amay/zed for 118 plant species that
share their distribution in central and southerieZland considering specific migration
constraints, thus having more realistic resultssesiprevious similar studies do not consider
it.

The analyses let to establish differences betwéesres and climatic drivers for
mentioned plant groups, in relation to specifict$raResults suggested a pattern described
for other ecosystems: an inverse relation betwésrerbreadth and change magnitude in
the elevational gradient. However, the observetepabf relation between niche breadth
and change magnitude in latitudinal gradient wasctli meaning contrary to formerly
observed for other ecosystems, a novel patterterkta particular conditions of
bioclimatic transition and climate change projeatidor the region, compared to other

analogous ecosystems, and the Rappoport's efi@atl fim the analyzed species niches.

This thesis also assessed the size habitat ofianedtplant species included in the
biodiversity hotspot of central and southern Chidated to the representation od their
habitats under protected areas. It is the firslyarsof this kind at a plant species level in

Chile, and when contrasting with future distributighowed the effect of climate change to
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habitat representation, considering different coreg®n schemes in Chile: effective

official protected areas and different proposeegaties for future implementation. It
revealed that location of official protected araes useful but insufficient to accomplish
global representation goals, and that proposedjcags are enough additive representation
in order to virtually accomplish such goals, foe firesent as well as for the future climate

change scenario.

Xiv



INTRODUCCION GENERAL
1. Nicho ecolégico y distribucion de especies artambio climatico

El concepto de nicho ecoldgisensuHutchinson (1957) integra el conjunto de rangos de
condiciones fisicas y biol6gicas y de recursostéintes, requeridos para que una especie
mantenga o incremente su tamafio poblacional. Hhgohise refirio al nicho como un
hipervolumen de-dimensiones, en el cual cada dimensién correspanuha variable
independiente fisica o bioldgica, o a la dispordaill de un determinado recurso que en
conjunto pueden afectar la abundancia de una esgetgrminada (Colwell & Rangel,
2009; Soberén & Nakamura, 2009). Dichas dimensiamegran un espacio ecolégico en
el cual puede desarrollarse una especie y quegienerrelato en el espacio geografico,
segun la combinacion existente de variables eatddgiobre la tierra, determinando asi la
distribucion de la especie (Soberén & Nakamura920Bs decir, el espacio geogréfico

ocupado por una especie refleja en gran medideegugrimiento ecolégicos o nicho.

En el caso de las plantas, el clima constituyedetms factores principales que
dirigen los patrones de distribucién espacial deesyppecies. Las variables que componen el
clima, se relacionan con los rangos geograficasologicos en los cuales las plantas se
distribuyen, de acuerdo a las restricciones figjioks que ellas presentan, condicionando
asi la supervivencia y reproduccion de las pobiesale cada especie en un determinado
lugar, de acuerdo a sus nichos ecolégicos espesifiWoodward, 1987; Lomolinet al.,
2010). Se reconoce que las especies durante psiliodtados de tiempo, presentan una
tendencia a retener caracteristicas ecolégicastales. En tal sentido, existen rasgos que
permiten a las especies persistir en determinaglas de ambiente, atributos que se
mantienen en el tiempo. Las caracteristicas debnécoldgico se encuentran dentro de
dichos rasgos que tienden a conservarse, lo aualdé fundamento para evaluar efectos
en las especies frente a cambios en el clima (W&e@saham, 2005; Ackerly, 2009; Wiens
et al, 2010).

Existe amplia evidencia acerca de la naturalezandiice. del clima, la cual ha
impulsado a las especies a adaptarse a las cameBob@ambiantes (Woodward, 1987; Petit
et al, 1999). No obstante, la tasa de cambios que iexpeta el clima en la actualidad ha

sido muy superior al ritmo de los siglos anteriokeste cambio climatico ha sido



presumiblemente gatillado por la alteracién antgépica del balance de gases de efecto
invernadero de la atmosfera, y consta del aumenta ttmperatura media global,
aparejado de cambios heterogéneos a diversa esgadaal y local, respecto de las
extremas de temperatura junto a los montos y blistibn de las precipitaciones (IPCC,
2013). Por consiguiente, el cambio climatico obadovdurante las ultimas décadas ha
afectado la distribucion de las especies de plastefenologia, las interacciones bidticas y
la abundancia de sus poblaciones (Parmesan & 2008, Parmesan, 2006; Kelly &
Goulden, 2008; Bellardt al, 2012; Garcieet al, 2014; Parmesan & Hanley, 2015). Los
desplazamientos futuros de distribucién puedenrimqor reducciones en el rango de
distribucion actual, debido a que las condiciomgsras pueden llegar a ser inadecuadas
para una especie en algunas partes de su presntaudion, o bien a la expansiéon de sus
poblaciones hacia habitats adecuados que recienterse han hecho disponibles, sélo si la
especie posee la capacidad de migrar de manetavafeacia ellas (Bresheaes al, 2008;
Engleret al, 2009; Garcieet al, 2014).

Algunas caracteristicas claves del nicho ecolégmola amplitud que abarca el
nicho de cada especie y su posicion relativa egriigtados gradientes ambientales. Las
diferencias especificas en estas propiedadesala, reonstituyen factores que pueden
explicar el amplio rango de posibles resultadogeninos de desplazamientos futuros de
distribucion (Broennimanat al, 2006; Broennimann, 2008). Especies con posicioaes d
nicho contrastantes a lo largo de gradientes artddsnpueden mostrar respuestas
disimiles de acuerdo a cambios en climas locategiionales (Broennimaret al, 2006;
Morin & Chuine, 2006; Kelly & Goulden, 2008). Las®de las diferencias de nicho
ecoldgico de las especies se halla en sus castitt@si morfoldgicas y fisioldgicas
especificas (Chase & Leibold, 2003; Colwell & Rdngé09). En tal sentido, por ejemplo,
rasgos especificos como el tamafio maximo de logptgees, sistema vascular o atributos
fisiologicos, pueden determinar diferencias de miehtre helechos y angiospermas (Zitz
al., 2001; Brodribbet al, 2005; Kluge & Kessler, 2011), particularmente dagi&n con
forzantes climaticos tales como la disponibilidadadua que resulta clave en el ciclo de
vida de los helechos (Qiat al,, 2012), o rangos de temperatura como forzantescties
y de las diferencias en distribucion en algunopgswle angiospermas dominantes como
arboles del génemdothofagugRead, 1990; Box, 1995).



Se ha expuesto que las especies con nichos mamsnygbor ello con rangos
mayores de distribucion, podrian experimentar coatpamente menores efectos de
cambio climético a lo largo de gradientes ambiestéles como altitud o latitud (Thuiller
et al, 2004). En un analisis de plantas endémicaswlelesAfrica, Broenimanet al.

(2006) determinaron una relacion inversa entreriglidud de nichos y la magnitud del
efecto del cambio climatico en sus habitats. Essana tendencia se concluye en los
trabajos de Thuilleet al (2005) en un andlisis que incluyé 1200 espeagsiahtas de
Europa, y en el de Botts al (2013) con 67 especies de anfibios en Africaséata de
comunidad, pese a compartir ambientes, las regsudstlas especies producto del cambio
climatico pueden no ser homogéneas o integradagje/@l nicho de cada especie es
diferente (Engleet al, 2011; Angertet al, 2013; Gornish & Tylianakis, 2013).

En la literatura actual se encuentran numerosospigs de desplazamientos
observados y proyectados, generalmente hacia uyer miéitud y hacia mayores latitudes
(Parmesan, 2006; Lenat al, 2008; Jumpet al, 2009; Grabheret al, 2010; Engletet al,
2011), pero también se reportan desplazamientaa t@ecciones inversas o diferentes
(Lenoiret al, 2010; VanDerWaett al, 2012). Dentro de los ejemplos de cambios recientes
observados, destaca el trabajo de Leebal (2008), quienes compararon la distribucion
altitudinal de 171 plantas de bosques de Europdeatal entre periodos 1905-1985 y
1986-2005, concluyendo que el cambio climatico tea@cado un aumento en la elevaciéon
optima de dichas especies en 29 m por década,cefecto mayor para plantas
restringidas a habitats montafiosos y para espeeibaceas que presentan un recambio
poblacional mas rapido. De igual forma, Bergareiral (2009) informan del aumento en
altitud de la distribucion en briéfitas en Eurogairal, con un promedio de 24 m por
década entre los periodos 1880-1920 y 1980-2006jaao a cambios climaticos recientes.

Por otra parte, Jumgt al. (2009) revisan diversas evidencias sobre lag@tia en
porciones bajas de los rangos de distribucion aletas del hemisferio norte, asociados a
cambios climaticos de los ultimos 50 afios. Dentraiti especie determinada, se ha
identificado que sus poblaciones marginales o spordientes a los extremos de
distribucion, podrian ser las mas susceptiblesradral cambio climatico (Angert, 2009).
Frente a esta tendencia de cambios observadotapaiitimas décadas, se espera que en el

futuro cercano las plantas continden presentarstmttis grados de desplazamiento de sus
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poblaciones en los gradientes ambientales, de @gmados escenarios regionales de
cambios futuros en el clima y de la capacidad sespecies de adaptarse segun sus
restricciones fisiologicas y de las capacidadesmigeacion de sus poblaciones (IPCC,
2013; Garcieet al, 2014; Parmesan & Hanley, 2015).

Los analisis que permiten proyectar la distribualérias especies de acuerdo a
informacion ambiental siguiendo los limites delhmi@cologico de las especies, se
denominan modelos de nicho ecolégico. Toman inforémaespacialmente explicita de la
distribucion geografica de las especies y conjudéogariables ambientales,
relacionandolos mediante protocolos estadisticesggneran un modelo predictivo de
distribucion (Guisan & Zimmermann, 2000; Araujo &i&an, 2006; Austin, 2007; Elith &
Leathwick, 2009; Wienst al, 2009; Araujcet al, 2012; Anderson, 2013).

Los modelos de nicho ecolégicos se basan en uigadgesupuestos, siendo los mas
importantes: i) las especie a modelar se encuentegjuilibrio con su ambiente en un
tiempo y area determinados, y que ya ha alcanaadango de distribucion completo de
acuerdo a la combinacion de variables ecoldgicas espacio geografico utilizado, ii) el
nicho ajustado se conserva, es estable en el tigrappacio en el cual se considera la
modelacion, iii) las observaciones que se empleaa modelar son expresion del nicho
observado, lo que implica la necesidad de considesaalcances, por ejemplo en el caso
de limitaciones a la dispersion ante escenariasdatde cambio climatico, iv) la
taxonomia de la especie esta resuelta y v) laablas predictoras a emplear son
ecologicamente significativas para la especie gneeientran disponibles en su expresion
geografica (Guisan & Zimmermann, 2000; Guisan &illéw) 2005). Si bien existen casos
en que no todas estas suposiciones se cumplerakdeal en general hay buenas razones

para su uso a pesar de los mencionados supuestos.

Es posible modelar la distribucion futura de urfzees, al considerar informacion
proyectada de clima futuro y de esta forma deteamos desplazamientos esperados al
contrastar las distribuciones resultantes para arabcenarios temporales(presente y
futuro con cambio climatico) mediante el empleardalelos de nicho ecolégico (Guisan &
Zimmermann, 2000; Hijmans & Graham, 2006; Wiehal, 2009; Engleet al, 2009).

Cabe sefalar que las distribuciones futuras modeglpgesentan incertidumbres acerca de



la capacidad de las poblaciones de una especiégtarrhacia nuevos territorios e
incorporarlos efectivamente como parte del halithuiller et al, 2005; Araujcet al,
2007; Hannalet al, 2007; Engleet al, 2012, Araujcet al, 2011; D'Ameret al, 2011,
Carvalhoet al, 2011;Kuhlmannet al, 2012; Batemaet al, 2013) Para abordar este
problema, se han desarrollado herramientas parar temcuenta la dispersion de los
propagulos en el paisaje y las restricciones deauign, con el objeto de modelar
distribuciones futuras mas realistas para los estEnde cambio climéticaqgleret al,
2009; Summerst al, 2012; Engleet al, 2012; Batemaet al, 2013.

2. Representacion de habitats bajo conservacion gmbio climatico

La conservacioin situde especies, comunidades o0 ecosistemas es ampiéaraeonocida
como la base para una conservacion efectiva dediavbrsidad (Rodrigueet al, 2004).

El planeamiento sistematico para la conservasgmsuMargules & Pressey (2000),
considera metas de conservacion, dentro de lascuab de los aspectos mas importantes
es la representacion de los elementos de biodilaatgin sistemas de areas protegidas,
(Margules & Sarkar, 2007). En este concepto, leessmtacion se entiende como una
proporcion de la ocurrencia de alguno de los objdeaconservacionég. poblaciones de
especies, habitat de especies), dentro de un dorgerareas protegidas en un contexto
geografico definido (Cabeza & Moilanen, 2013; Kulkk& Moilanen, 2013).

La Convencion de la Diversidad Bioldgica y otrasiativas globales, han
recomendado un minimo nivel de representacion destemas y habitats, entre un 10% vy
un 12% (Teaet al, 2005; Burguesst al, 2005). A partir de la Cumbre de Nagoya en
2010, se propuso elevar la meta de representagiareas protegidas a un 17% para
ecosistemas terrestrdsNNEP/CBD, 2010; Moilaneret al, 2013). Debido a que la
implementacion de este tipo de politicas son teamescala de cada pais, pueden haber
sesgos y artefactos de borde cuando los ecosistessecies se distribuyen en un amplio

namero de paises cercanos o limitrofes (Moilasteal, 2013).

La persistencia en el largo plazo de la conservag#las especies, en términos de
la representacion de especies 0 ecosistemas past@deramenazados por el cambio

climatico como uno de los factores mas importa(Besaet al, 2000). A medida que se
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hacen mas evidentes los cambios en el clima, serhas importante el entender su
impacto potencial sobre la conservacion de losistemsas naturales (Wiers al, 2009),
particularmente en cdémo el cambio climatico podfétar los niveles de representacion de
los habitats de elementos clave de la biodiverdidgo esquemas de conservacion (Araujo
et al, 2007; D'’Amen, 2011), tanto bajo areas de coasé&m formal, como bajo areas

propuestas para implementar su conservacion enuzof

3. Plantas de los bosques templados de Sudaméricaambio climatico

Los bosques templados de Sudamérica se ubicangaiimente en el centro y sur de Chile
y también en el suroeste de Argentina (ver Fig.. E&tan dominados por arboles del
géneraNothofagus incluyen numerosas especies lefiosas que fornzadiversa
estructura vertical con un sotobosque rico en esp€bonoso, 1993; Armesti al, 2001,
Moreira-Mufioz, 2011), en el cual los helechos,ugehdo especies terrestres y epifitas,

son un componente importante (Rodrigdé&¥85; Rodrigueet al, 2009).

Estos bosques comprenden una transicion norteesdiedin bioclima de tipo
Mediterrdneo a Templado (Armestbal, 2001; Luebert & Pliscoff, 2006), con un alto
nivel de endemismo de especies y un alto uso hun@noe llevé a que estos bosques
fuesen clasificados confwtspotde biodiversidad global (Myegrs al, 2000, Armestaet
al., 2001). Estos bosques lluviosos crecen a lo ldegon amplio gradiente de elevacion
desde el nivel del mar hasta el limite altitudihalla vegetacion weelinede la cordillera
de los Andes, y a lo largo de un notable gradikatiidinal desde los 33° S a 55° S
(Donoso, 1993; Armestet al, 2001), como se presenta en la Fig. 1.1. La parte yo
centro de los bosques templados de Sudaméricaneiatieuna disminucidn progresiva en
precipitacion (DMC, 2015) que se proyecta que cartien el futuro, no obstante se espera
un aumento en la precipitacion hacia el extremalswstos bosques en la transicion del
bioclima templado hacia bioclima subantéartico deeago a las proyecciones de clima
futuro (IPCC, 2013), generando un patrén de carneierogéneo para los montos de
precipitacion en relacion a un aumento mas homagéeada temperatura media en todo el

gradiente. Dicho cambio de temperatura podria maplin mayor cambio hacia mayores



altitudes en porciones fuera de la influencia om@amoderadora de la temperatura que

puede coincidir con sectores de menor elevacion.

Aunque los efectos proyectados del cambio clima&itestos bosques han
comenzado recién a ser evaluados, por ejemploehfisiologico para especies de arboles
principales (Gutiérrez, 2010), no se han proyectasipatrones de desplazamiento
potencial de sus poblaciones a lo largo de gragkesinbientales. Dado que estos bosques
viven a lo largo de gradientes extensos en elemaclatitud, resulta un desafio poder
evaluar y anticipar las respuestas de sus espam@gsonentes, frente a los cambios
climaticos que experimentan a través de su tramsimeésde los ecosistemas Mediterraneo a
Templado, transiciones que si han sido evaluadaspyeven con notorios efectos para

gradientes analogos del hemisferio norte (Petudil, 2012).

Ademas, aln no se ha evaluado la representaciareas protegidas a nivel de
especies de plantas para este ecosistema, ni tarapd@ evaluado el efecto que el cambio
climatico pueda implicar en dicha representacionrerscenario futuro. Dado que los
bosques templados del sur de Sudamérica se uhicaipplmente en Chile, las plantas de
estos bosques templados dominados\mthofagusconstituyen un buen caso de estudio
para evaluar la representacion de la red de aretegplas a escala de especies,

minimizando asi los sesgos descritos por Moilagteal (2013).

Pese a que en Chile el sistema nacional de aretegjatas del estado (SNASPE)
cubre mas del 18% de la superficie del pais (Pad&¥illarroel, 2002), muestra un
fuerte sesgo geografico hacia el sur y hacia al@asciones en la Cordillera de los Andes
(Armestoet al, 1998). Ha sido considerado como insuficienta ghtogro representacion
minima tanto a escala de ecosistemas o comunid@atiesoff & Fuentes-Castillo, 2011) y
a nivel de especies, para vertebrados (Togeedl, 2008). Ademas del SNASPE, existen
areas de proteccion de propiedad privada, pai@uklss su regulacion legal se encuentra
en desarrollo (Squeet al, 2012), y otras categorias bajo la Estrategiaddatpara la
Biodiversidad (CONAMA, 2005) que incluyen sitiosquitarios para la conservacion,
actualmente clasificados a escala nacional y deessgional (CONAMA, 2005; MMA,

2014). Estas ultimas categorias no han sido impitadas aun, y no se dispone de



evaluaciones exhaustivas sobre como podrian ayudalriogro de las metas frente al

cambio climatico.

4. Desafios de estudio a través de la presente $esi

Se proyecta que los bosques templados de Sudareggeamenten, por una parte,
cambios de precipitacion mas heterogéneos quealtobios de temperatura en el gradiente
bioclimatico templado coincidente con el gradidatgudinal {.e. transicién de bioclimas
mediterraneo-templado-subantartico) y por otragpantel gradiente altitudinal, estos
cambios de temperatura si se podrian manifestaragiera mas marcada hacia una mayor
elevacion, en comparacion a sectores mas bajocgrs al litoral que pueden presentar
una influencia oceanica moderadora de la tempexdHir este escenario de cambio
climatico futuro, la diversidad estructural de sftosques templados permite estudiar los
efectos diferentes en cada grupo de espeocesiboles dominantes, especies
codominantes, helechos terrestres del sotobosgleghos epifitos), con caracteristicas de
nichos climéticos influenciados por forzantes clio@s diferentesife. helechos
presumiblemente regidos por cambios en precipmavsisus arboles probablemente
regidos por cambios en temperatura). Lo anterionjie analizar comparativamente los
efectos proyectados de dicho cambio climatico ehdiaibucion de sus habitats y en los
desplazamientos esperados de sus distribuciondasreddiferentes gradientes
ambientalesife. gradientes climaticos, gradientes de latituddigrates de altitud). Estos
analisis requieren tomar en cuenta las difererema® propiedades claves de los nichos
ecologicos de cada espedie.(@amplitud de nichos, posicion de nichos en gradent
ambientales), para asi evaluar si hay relacionts dithas propiedades con los efectos
evaluados, como se ha evidenciado para otros &mosis. De igual modo dichos grupos de
especies permiten analizar comparativamente l@septacion de sus habitats en areas
protegidas tanto para el presente como para urofsametido a cambio climatico,

considerando las restricciones especificas de oidgrdutura.

Esta tesis pretende abordar los desafios de eshafioionados, con el objetivo
general de evaluar los efectos del cambio clim&ictas especies de plantas que conviven

en los bosques templados ubicados en Chile cerstno, yomando como base las



caracteristicas constitutivas de los nichos deagule especies que integran la diversidad
estructural de estos bosques. Se pretende abasdarrdguntas respecto de cuales podrian
ser las particularidades de los nichos ecoldgioosstas plantas de manera comparada
entre grupos de especies, junto con proyectarobios esperados para la distribucion de
sus habitat producto del cambio climatico con restines especificas de migracion, a fin
de conocer posibles diferencias entre grupos decessp en diferentes gradientes
ambientales considerando la altitud y la latituelb8sca también entender si los patrones
de relacion entre caracteristicas de los nichos glectos esperados de cambio climatico
en la distribucion de los habitat con restriccidpexifica de migracion, siguen o no las
tendencias que han sido proyectadas en otros s, tomando en cuenta las
condiciones particulares de transicion bioclimatledas plantas que integran gséspot

de biodiversidad. Junto a lo anterior, esta tassed revelar las implicancias que el cambio
climatico produciria en la representacion del ladlale las especies de plantas mencionadas
en areas protegidas, considerando diferentes esguamo de proteccion formal efectiva
presente en Chile, como aquellos que han sido pebgsi para una potencial incorporaciéon

futura.



HIPOTESIS

1. Los nichos ecologicos de cada grupo de plantasgpusven en los bosques templados
de Sudamérica son regidos por forzantes climatifesentes: arboles dominantes mas
relacionados a temperatura y helechos del sotobasds relacionados a precipitacion.
Esto determina efectos contrastantes del cambi@ttio en sus habitats: mayor
desplazamiento altitudinal proyectado en arbolesmyor desplazamiento latitudinal

proyectado en helechos.

2. En especies de plantas de los bosques templadtsdadenérica, la amplitud de sus
nichos ecoldgicos esta relacionada inversamerttesgllazamiento esperado de sus

habitats producto del cambio climatico en los grathis a) altitudinal y b) latitudinal.

3. Los habitats de especies de plantas de los bosgmetados de Sudamérica se
encuentran insuficientemente representados emdas ée proteccion formal de Chile,
tanto para el presente como para un futuro somat@ombio climatico con

restricciones especificas de migracion.

4. Los habitats de especies de plantas de los bosgmetados de Sudamérica pueden
completar una suficiente representacion en aredsgidas al incorporar otras unidades
propuestasie. parques privados, sitios prioritarios para lasesmacion nacionales y
regionales), tanto para el presente como paraturofgometido a cambio climatico con

restricciones especificas de migracion.
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OBJETIVOS

1. Estudiar los nichos ecoldgicos de plantas de @eifdro y sur que integran la
diversidad estructural de los bosques templad&udaméricai(e. especies arbdreas
dominantes, especies lefiosas co-dominantes, hslegpiffitos y terrestres del
sotobosque), para evaluar diferencias entre symgutades en términos de la amplitud
de sus nichos y en términos de posicion relativdrdaele gradientes ambientales

definidos por variables bioclimaticas.

2. Conocer la posible relacion entre las propiedadasicho de estas especies.(
amplitud, posicion relativa), con los efectos eafes del cambio climatico sobre la
direccion y magnitud del desplazamiento de sustduhben términos de los amplios

gradientes en los cuales se desarrollendltitud y latitud).

3. Evaluar el grado de representacion de los hakétasths especies bajo esquemas de
conservacion formal en Chiled. SNASPE) y evaluar el efecto del cambio climatico

sobre la representacion en un escenario futuro.

4. Evaluar el aporte aditivo en representacion bajo@sas de conservacion que implica
implementar categorias propuestas de conservaaopdrques privados, sitios
prioritarios de conservacion a escala nacionatgcala regional) considerando tanto la

situacion de representacion presente como la fgtureetida a cambio climatico.

11



ESTRUCTURA'Y ESTADO DE LOS CAPITULOS

CAPITULO | "Ecological niches and expected elevational anthitiibal shifts due to
climate change in South American temperate foresitg: are they related?"

Manuscrito enviado a la revista Journal of Biogepbly (27/05/2016). Este capitulo ayuda

a responder las hipotesis 1y 2; y los objetivg21de la tesis.

CAPITULO Il "In the right place at the right time: habitat repentation in protected areas
of South AmericamNothofagusdominated plants after a dispersal constrainedatk

change scenario”

Manuscrito publicado en la revista PLoS ONE 10(R)19952 (03/2015) ,
http://journals.plos.org/plosone/article?id=10.1/30Urnal.pone.0119952

Este capitulo ayuda a responder las hipotesis;3/yo% objetivos 3 y 4 de la tesis.

12



CAPITULO |

Ecological niches and expected elevational and latdinal shifts due to climate change
in South American temperate forest plants: are theyelated?

Diego Alarc6i®™’, Lohengrin A. Cavieré®

@ Departamento de Botanica, Universidad de Concap€ésilla 160-C, Concepcion,
Chile.

b Instituto de Ecologia y Biodiversidad, Chile.

*Corresponding author: Diego Alarcéon. Casilla 1603@ncepcion, Chile. Phone: +56 41
2203846. E-mail: chilebosque@gmail.com

13



ABSTRACT

Aim

Niche properties such as breadth and positionwr@mmental gradients are hypothesized
to determine plant responses to climate changeeXglored niche properties in plants of a
temperate biodiversity hotspot, spanning diffegnotwth forms and wide ranges in
elevation and latitude, to assess the relation étwiche characteristics and the

magnitude and direction of modelled climate-chasigés.

Location

South American temperate forests

Methods

Localities from the entire range of 118 plant sps@ssociated to these forests were
considered to assess niche breadth and nicheqoiti each species in environmental
gradients through Outlying Mean Index (OMI) anab/d8oth present and future
distributions were modelled using BIOMOD, considgrmigration constraints with
MIGCLIM. Relationships were explored by using gextddinear models with R tools.

Results

Niche differences were outlined by two bioclimatimensions: the first one correlated to
mean temperature range and precipitation seaspf@liwing the bioclimatic transition
Mediterranear- Temperate- Sub-Antarctic; and the second one correlated tormim
winter temperature following a transition from ooiainfluenced habitats to coldest tree-
line habitats. Modelled elevational shifts followexbectations with an inverse relation
with niche breadth. Forecasted latitudinal shifesewdirectly related to niche breadth
(opposite to expected trend), following a latitudiwise bioclimatic gradient of Temperate
forests, and directly related to the latitudinalamelistribution of plants and also to their

latitudinal range, following Rapoport's effect.
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Main conclusions

Niches of studied plants were successfully disakineOMI analyses. Niche differences
could be associated to specific morphological grspilogical traits. Elevational and
latitudinal shifts for understorey species maylm®in agreement with shifts of dominant
trees neither in direction nor magnitude. South Acaa temperate forests plants followed
inverse relationship between niche breadth anchgteval shifts, conversely to latitudinal
shifts, possibly because niche drivers followedudtnal orientation and the species

showed Rapoport's effect.
KEYWORDS

BIOMOD, climate change, elevation, ferns, latitudiehe breadth, niche modelling,

NothofagusOutlying Mean Index, temperate forests

15



INTRODUCTION

Climate change observed during last decades hestedf plant species distribution, their
phenology, biotic interactions and abundance (Psamé& Yohe, 2003; Parmesan, 2006;
Kelly & Goulden, 2008; Bellar@t al, 2012; Garciaet al, 2014; Parmesan & Hanley,
2015). Future plant distributional shifts may besed by reductions of the current
distribution range occurring because future coadgimay become inadequate in some
parts of the current range, or due to expansiotieispecies has the ability to migrate to
newly available suitable habitat, or both (Breshe#al, 2008; Engleret al, 2009; Garcia
et al, 2014). Current literature is plenty of examplesb$erved and expected
distributional shifts towards higher elevations gnéater latitudes (Parmesan, 2006; Lenoir
et al, 2008; Jumpet al, 2009; Grabheret al, 2010; Engleet al, 2011), but also towards
inverse or different directions (Lenat al, 2010; VanDerWaet al, 2012). These shifts
may be assessed when present distribution modésget species are contrasted with
future modelled distributions using various todtgihans & Graham, 2006; Englet al,
2009).

Specific differences in niche properties, suchedative position and breadth, are
among the factors that may explain the wide rarigmssible outcomes observed in future
distributional shifts (Broennimangt al, 2006; Broennimann, 2008). Species with
contrasting niche positions along environmentatignats may show dissimilar responses
according to changes in local or regional climes@animanret al, 2006; Morin &

Chuine, 2006; Kelly & Goulden, 2008). Morphologieaid physiological characteristics of
the species underlie such ecological niche diffegsr{Chase & Leibold, 2003; Colwell &
Rangel, 2009). For instance, contrasting traits fhkaximum size of individuals, vascular
system or physiological attributes may determirehaidifferences between ferns and
angiosperms, particularly in relation to climatrivers such as water availability or
temperature ranges (Zogt al, 2001; Brodribbet al, 2005; Kluge & Kessler, 2011).

It has been suggested that species with broadeesiiand hence wider
distributions, could experience smaller climatengeeffects along environmental
gradients such as elevation or latitude (Thuieal, 2005; Broennimanet al, 2006;
Bottset al, 2013). However, this suggestion does not takeantmunt that niche breadth

may increase with latitude because of more fluatgatnvironments at higher latitudes, as
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expected according to the Rapoport's effect foresepecies groups (Stevens, 1989;
Vazquez & Stevens, 2004). Nevertheless, at a contynlenel, species responses to
climate change may not be homogeneous or integsated each species' niche is different
(Engleret al, 2011; Angertet al, 2013; Gornish & Tylianakis, 2013).

The South American temperate forests (SATF) aratémcmainly in the centre and
south of Chile, also in the southwest of Argen(iRig. 1.1). They are dominated by trees of
genusNothofagusand they include various woody species that fordhivarse vertical
structure with a species-rich understorey (Don@883; Armesteet al, 2001) in which
fern species, including epiphytic ferns and groterds, are an important component
(Rodriguez1995; Alarcén & Cavieres, 2015).

These forests comprise a north-south transitiom fiktediterranean-type to a
Temperate bioclimate (Armesab al, 2001; Luebert & Pliscoff, 2006), with a high é&of
species endemism and a high human use leading twthination of these forests as
global biodiversity hotspots (Myeet al, 2000, Armestet al, 2001). These rainforests
grow along a wide elevational gradient from se&llenp to high Andes mountain range
tree-line, and along a large latitudinal gradieatrf 33° S to 55° S (Donoso, 1993; Armesto
et al, 2001), as presented in Fig. 1.1.

The northern half of SATF shows evidence of a pgegive decrease in
precipitation (DMC, 2015) projected to continudhie future, but the southern extreme of
these forests expects an increase in precipitétRdC, 2013). However, temperature is
predicted to increase in the whole range accorttirigture climatic projections (IPCC,
2013). Although the projected climate change effect these forests have been assessed at
a physiological level for main tree species (Guégy 2010), and at a level of habitat size
and representation in protected areas (Alarcon gigCes, 2015), assessments of potential
shifts of their species populations along environtakgradients have not been addressed.
Since they live along extensive gradients in elevaand latitude, it is challenging to
assess and anticipate their component speciesng&spto the undergoing climatic changes
through its transition from Mediterranean to Tengpercosystems, as it has been assessed
to experience striking effects in the analogousofRaan gradients (Pawdt al, 2012).

Our aim here is to evaluate the differences betvepecies properties such as niche

breadth and niche position within environmentabgeats, of four groups of plants that
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represent the structural diversity of SATF (i.emiloant tree species, woody co-dominant
species, understorey ground ferns and epiphytitsjeand to determine possible relations
of the aforementioned niche properties with theeexgd effects of climate change upon the
habitats' shift direction and magnitude, along ¢hasticeable elevational and latitudinal

gradients.

MATERIALS AND METHODS

Plant species groups

Four groups of SATF plants were considered as comis of their vertical structure: trees
of genusNothofaguswith 9 dominant species, 27 co-dominant woody igse&5 ground
ferns and 27 epiphytic fern species. The total a8t species share their distribution
within elevational and latitudinal gradients witfetdominant trees (Gajardo, 1994;
Donos0,1993). The nomenclature followed Zuloagfaal (2008) for woody species and
Rodriguez (1995) for ferns. We gathered all avé&lapecies localities from the University
of Concepcién herbarium (CONC), with possible cawaite biases checked and corrected
from their label information, and the Chilean natibforest inventory for dominant trees
validated in the field (CONAF-CONAMA-BIRF, 1999)h€ species list and their valid

number of localities are shown in Table 1.S1, Sufopy Information.

Bioclimatic information

From the Worldclim database (Hijmaesal, 2005), eight bioclimatic variables were
selected with the least correlation among thentHferstudied species range area: i) mean
temperature range (bv02), ii) temperature seadgr(@ir04), iii) maximum temperature of
the warmest month (bv05), iv) minimum temperaturéhe coldest month (bv06), v)

annual precipitation (bv12), vi) precipitation se@ality as a coefficient of variation (bv15),
vii) precipitation of warmest quarter (bv18), and)\precipitation of coldest quarter

(bv19). The bioclimatic information from each smEcoccurrences was obtained with tools
from R Core Team (2015): raster (Hijmans, 2015) myul (Bivandet al, 2015).
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Ecological niche analyses

We used all the species localities and the corredipg bioclimatic information to perform
Outlying Mean Index (OMI) analyses. This multivaeianethod separates species niches in
axes that reflect environmental variables (Dodékeal, 2000), and it does not consider
priori assumptions on the length of dimensions, givingaegeight to each site regardless
of its local species richness. This make it sugdbl measuring niche relative positions in
environmental dimensions, and better for measwaomparative niche breadths, unlike
other ordination methods that may generate biddasl(er et al, 2004; Kleyeret al,

2012; Meynarcet al, 2012). OMI analyses were carried out with nichecfioms from ade4
R-package (Dray & Dufour, 2007), so the niche posiand niche breadth were obtained
for subsequent analyses considering all the spasi@swhole group, but also by each
species group separately to assess the climatables driving the main differences within
each group. Niche breadth indexes were calculated the square root of the raw niche

breadth values.

Species distribution models

The species distributions were modelled using BIG@VI®package (Thuiller, 2003;
Thuiller et al, 2009) through eight techniques: Artificial Neuragtiorks (ANN),
Classification Tree Analysis (CTA), Flexible Disminant Analysis (FDA), Generalised
Additive Models (GAM), Generalised Boosting Modé&BM), Generalised Linear
Models (GLM), Multivariate Adaptive Regression $y@s (MARS), and Random Forest
(RF), all explained by Thuiller (2003). The critefor selecting each species’ best model
followed Alarcon & Cavieres (2015). Distribution ohels were projected in 30 arc-second
grids with BIOMOD and areas with human land useendiscounted from each model
according to CONAF-CONAMA-BIRF (1999) using raskpackage (Hijmans, 2015).

Future distribution models and species migration costraints

Future climate data scenarios were taken from RamdrJarvis (2008), selecting the most
conservative scenario according to their least gham dominaniothofagudistributions

as explained in Alarcén & Cavieres (2015): CSIRO 2M/BRA, projecting each species
future distributions with BIOMOD based on the sfiediest niche model. We deducted the
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potential future distributions according to the@fie migration constraints applying the
MIGCLIM R-package (Engleet al, 2012). This step considered dispersal kernels,
potential propagule production, short-distance @lisal capacity and probability of long-
distance dispersal, as developed by Alarcon & Casi€2015) for the same species set.

Expected shifts in elevational and latitudinal gradents

Mean distributions in elevation and latitude focleapecies were calculated from the
projected grids using raster R-package (Hijman&520Scatterplots were performed
contrasting elevational versus latitudinal shiftsprder to explore the extent of different
direction responses within each species group. dtsgs were considered as stable if
changes in mean elevation or latitude were legs 25am a.s.l. and 0.1 latitudinal degree
respectively. Both present mean distribution artidreimean distribution were compared
by fitting linear models (R Core Team, 2015) fottbaltitudinal and latitudinal gradients,
to explore possible patterns in the shifts.

Indexes of change for both elevation and latitueéeencalculated using the square
root of the absolute value of the difference betwiegure mean distribution and present
mean distribution. Other explored patterns incluttedpossible relation between the niche
position in each OMI axis and the indexes of chaong&oth elevational and latitudinal
gradients. Afterwards, we searched for possibktiais between the niche breadth and the
predicted shifts in each gradient as anticipatddemature, fitting general linear models
that considered niche breadth indexes and the @sdekchange. Also, the values of niche
breadth for both the most shifted half and the $sfied half of species for each gradient
were analysed if there were differences using M#vimtneyU-test (R Core Team, 2015),
as they did not follow normal distributions. Reteiships between latitudinal parameters
and niche properties were explored by linear gémeoaels in order to test if these

temperate rainforests plants follow Rapoport'satffe
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RESULTS

Niche analyses

The results of OMI analyses are shown in Table\WHhen all species were considered, two
principal axes aggregated 95.2% of the total vaeawhere OMI axis 1 explained 74.4%
of the variance and it was mainly correlated with inean temperature range (bv02, -
79.9%). OMI axis 2 explained 20.9% of the variamtere minimum temperature of the
coldest month was the most correlated variable §ov&5.3%).

When OMI was applied only ddothofagusspecies, two main axes accounted for
97.9% of the total variance; 73.3% was explainedhy 1, which was mainly correlated
with maximum temperature of the warmest month (hv0%.4%) and 24.7% of the
variance was explained by axis 2, with minimum terapure of the coldest month as the
variable with the highest correlation (bv06, -52)9®MI analysis for co-dominant woody
species showed two axes including 94.5% of the wat@ance, where axes 1 and 2
accounted for 85.1% and 9.4% of the variancesgrsly. The bioclimatic variables
with the highest correlations were precipitatioasmality (bv15, -80.3%) for axis 1 and
minimum temperature in the coldest month (bv06,2%g for axis 2.

For ground ferns species OMI analysis explained%5of variance in two axes:
68.1% for axis 1 and 17.7% for axis 2. The mostetated variables were annual
precipitation (bv12, +60.1%) for axis 1 and minimtemperature in the coldest month
(bv06, -51.2%) for axis 2. Finally, the OMI anaky$or epiphytic ferns accounted for
94.1% of the variance in two main axes: 63.7% fos & and 30.4% for axis 2. Both the
maximum temperature in the warmest month (bv05)thadninimum temperature in the
coldest month (bv06) resulted as most correlateld awis 1 (+48.1%), while annual
precipitation (bv12) was the most correlated wikis 2 (-37.7%).

The occupancy extent of each species group witl@nwo main OMI bioclimatic
gradients is shown in Fig. 1.2. The relative positdf every species in each axis, along
with the comparative niche breadths are showngn EB. In Tables 1.S1 and 1.S2 in
Supporting Information, the same kind of resultsdeparated analyses within each group
of species can be found.

The lowest extreme of OMI axis 1 for all specieg(RE.2 and 1.3) included niches

outlined by a greater mean temperature range,ra skasonality of rainfall towards
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winter, higher summer temperature and less anmealtation. These conditions are
distinctive of the transition from Temperate to Medanean climate of central Chile,
inhabited by deciduoudothofagusspecies likeN. glaucaor N. obliquain the northern
distribution of these temperate forests, co-dontisgecies belonging to sclerophyllous
flora (like Cryptocarya albaor Azara petiolari$ and ground ferns particularly adapted to
summer drought (including cheilanthoid ferns @uaidantum excisuror Adiantum

gertrudig. An absence of epiphytic ferns in this climatiche extreme was also observed,
except for some species likolypodium feullewith thick rhizomes that allow them to
survive the dry season.

More humid and oceanic conditions prevailed inupper extreme of OMI 1,
associated to coastal and southern distributigdhesfe temperate forests, with lower
temperature amplitude, lower seasonality for bethgerature and precipitation, and higher
precipitation amounts, in a transition from Tempeta Sub-Antarctic bioclimate. Such
niches corresponded to evergré&éthofaguspecies such aé. nitidaor N. betuloides
with co-dominant trees adapted to conditions oh&gj precipitation within the temperate
forest gradient, lik&ilgerodendron uviferuniPodocarpus nubigenus Tepualia
stipularis and ground ferns &sleichenia litoralis Gleichenia quadripartitaor
Polystichum multifidunand epiphytic ferns likelymenophyllum secundym
Hymenophyllum ferrugineuanmdHymenophyllum tortuosum.

In the middle position of OMI 1 axis, the nichescbfracteristic species from the
central distribution of these temperate forestsawWeund, such asothofagus dombewir
Eucryphiacordifolia, along with several ground ferns and epiphytia$eespecially
Hymenophyllaceae filmy ferns.

The OMI 2 axis was mainly correlated to lowest wirtemperature from less
extreme conditions at its minor tip, with nicheggodund ferns typical of thermally stable
conditions like oceanic ferm&diantum obtusaturar Blechnum asperupor those unable to
resist freezing aBlechnum blechnoides Trichomanes exsectuesides, niches of a
remarkable diversity of epiphytic ferns suchPdsopeltis macrocarpa, Hymenophyllum
cuneatum, Hymenophyllum dicranotrichamd Asplenium trilobumand many co-

dominant species unable to tolerate extreme cidelDrimys winterj Laurelia

22



semperviren®r Aextoxicon punctaturshare their niches at this lower part of the sdaon
OMI axis.

At the top of OMI 2 gradient, niches of deciduoreesNothofagus pumili@and
Nothofagus antarcticavere found since they are able to withstand tivee st temperatures
of the gradient. They form the tree line througé thajor part of these temperate
rainforests, accompanied with co-dominant spediedMaytenus distichand ground ferns
capable of standing winter lowest temperaturd3aschium duseniandLycopodium
alboffii, and cold-hardy epiphytic ferns lik&rammitis poeppigiana.

Expected shifts

The effect of climate change on projected shiftdhaelevational and latitudinal gradients
are shown in Fig. 1.4 and Table 1.2, where upwaydements for their mean elevation and
southward shifts (towards higher latitude) are eigxfor 41% of the studied species.
Nevertheless, there were differences among spgmeps, especially when comparing
trees versus ferns. Both domin&tdthofagusand co-dominant trees showed that on 56%
of their species a relocation of their mean distitn to higher elevation and higher
latitude would be expected. Ferns showed more tgg@eous effects. Among ground
ferns, 38% of the species would shift towards highevation and southward latitude,
whilst 16% of them were projected to move upwartitbunorthward latitude. Regarding
epiphytic ferns, models indicated 33% of specidgb wievational changes that are not
strong, but with a tendency of their mean distiitruto move southward and 26% of
species projected a shift upward in elevation andhsvard to higher latitudes.

Present versus future elevational distributiondmmodels revealed slopes
significantly different from 1 for all the specigsoups (Fig. 1.5a,b,c,d), with slopes greater
than 1 forNothofagugp<0.01), co-dominant trees (p<0.001) and growmds (p<0.001).
These results indicated that species with mearilalisions located at higher elevations
would have greater upward shifts in the elevati@dggnt, compared to those located at
lower elevations. In contrast, epiphytic ferns shdwa slope less than 1 (p<0.01),
indicating that the species with lower mean el@vati distributions are projected to shift
upward in more magnitude than the epiphytic feritk higher mean elevation

distributions.
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For the latitudinal gradient (Fig. 1.5e,f,g,h),[#s in the linear models were greater
than 1 forNothofagugp<0.01) and co-dominant species (p<0.001), megthat in general
the southernmost mean distributions are expectéd\ue greater southward latitudinal
shifts. In contrast, slope for ground ferns wasdptihan 1 (p<0.01) suggesting that species
with mean distribution located in the northern pdrthe latitudinal gradient would have
greater shifts projected southwards. The epiptigtias group did not show a special

pattern of different magnitude of forecasted latinal shift (p=0.096).

Shifts in relation to niche position and niche bredth

The location of all species at each main OMI axas wontrasted to the projected index for
elevational change and latitudinal change (Fig). I'Be species located at the lower part of
OMI axis 1 (Temperate transitioning towards Med#daean bioclimate) are expected to
have a greater (p<0.001) elevational change ingiex those located at its upper part with
colder, more humid Temperate towards oceanic Subféiic bioclimate (Fig. 1.6a). The
opposite relation was found (p=0.0275) when OMk&xiwvas considered (Fig. 1.6b), with
larger elevational changes expected for specielsericorresponding to upper OMI 2
(colder winters) compared to the shifts at lower I@Mmoderate winter temperature).

No relation was found when we compared betweetuthitial shifts and niche
position in OMI axis 1 (Fig. 1.6c¢), but when coresitcig OMI axis 2, a direct relation was
found (p=0.0026). This indicated that species eelad moderate winter temperatures may
experience less latitudinal changes than specsexi@sed to colder winter temperature or
tree line (Fig. 1.6d). No significant relationshvas found when the elevational change
index was contrasted to the niche breadth ind&ott OMI axes (Fig. 1.6e,f). However,
when the species were split by the level of exmkcteanges, least shifted half of species
appeared with higher niche breadth index (p=0.035&MI axis 1 compared to the most
shifted half of species, suggesting an inversdiogldetween the changes in elevation and
niche breadth in that axis (Fig. 1.7a).

When latitudinal change index was contrasted thenlareadth (Fig. 1.6g,h), direct
relationships were found at both OMI axes 1 (p=9)Ghd 2 (p<0.001). Similar trends

appeared when we compared niche breadth indexestioieast latitude-shifted half of
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species and most latitude-shifted half of sped@sDMI axes 1 (p=0.033) and 2
(p=0.047), as shown in Fig. 1.7(c,d).

Direct relationships were found after contrastingam distribution by latitude and
niche breadth index at both OMI axes (p=0.009 fd @, p<0.001 for OMI 2) as shown in
Fig. 1.8(a,b), as well as latitudinal range agamshe breadth index for both OMI axes
(p<0.001) displayed in Fig. 1.8(c,d). The same ¢mog was outlined between latitudinal
mean and latitudinal range as shown in Fig. 1.86.qil5). Finally the latitudinal change
index related to latitude range resulted positpe0(001; Fig. 1.8f).

DISCUSSION

Niche differentiation

Our results showed a bioclimatic niche differembiatamong SATF plants, mainly related
to the mean temperature range and precipitatiososedity, following the ecological
transition within Temperate bioclimate from centdlile’'s Mediterranean climate to
Patagonia Sub-Antarctic climate (OMI axis 1) andoselly related to the minimum winter
temperature following the transition from ocearta$e habitats to coldest Andes tree-line
habitats (OMI axis 2). While bioclimatic classift@ns that have analysed these forests
(Amigo & Ramirez, 1998; Luebert & Pliscoff, 2006gdocused in both temperature and
precipitation as equally important factors, we fouat variables related to energy resulted
more relevant than water availability to discrimimacological niches considering all
studied plants. The same has been found in locgab€&eate to Mediterranean transition
(Tenebet al, 2004), and in a global-scale assessment ofriaditermining plant
distributions (Box, 1995).

Interestingly, when OMI was analysed separatelplant group, key bioclimatic
variables differed, somehow distinguishing morphlatal or physiological traits. Niches
within Nothofaguswere discriminated mainly by maximum temperatudrthe warmest
month. Alberdi (1995) informed summer foliar TL¥hiperatures for southernmost
speciesncluding tree line-formindgNothofagusfollowing the concordant order found here
in niche positionN. dombeyiN. pumilig N. antarctica N. nitidaandN. betuloidegrom
lower to higher summer frost resistance, and theetaded niche position from higher to

lower summer temperature. Further, these differeaceong niches could also be
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interpreted observing the species' ability to stenafter germination: biggest seetls (
glauca N. obliquaor N. alping able to reach deeper soil moisture thus prevgntin
desiccation (Donoso, 1993), were found at nichleda@ to highest summer temperatures,
while the opposite was found for smallest seéd<etuloidesN. antarcticaor N. nitida)
that could not need such strategy. Neverthelefsreinces in niches of co-dominant
species were driven mainly by precipitation seaktynfollowing the climatic transition
from a dry summer condition to a full-year prea@pivn. Hence, foliar sclerophylly could
be interpreted as being relatédzara petiolaris Cryptocarya albaPersea lingug
Myrceugenia exsucaar Podocarpus salignugith higher sclerophyly (Alberdi, 1995;
Readet al, 2016) presented niche positions associatedsuitimer drought, whilBrimys
winteri, Tepualia stipularisWeinmannia trichospermandLaureliopsisphilippianawith
lower sclerophylly (Alberdi, 1995) presented niglasitions related to full-year
precipitation.

Annual precipitation was the most important varetalr terrestrial fern niches.
With life cycles and distribution patterns ruledwgter availability (Quiaret al, 2012),
niche differences in ground ferns were coheremtigted to adaptations to the amount of
precipitation, from low-rainfall adapted cheilanithéerns to ground ferns specially adapted
to more humid habitats (Rodriguez, 1995; Patral, 2015). Moreover, epiphytic ferns,
within a smaller niche space compared to othergg@ccording to the general OMI
analysis, presented thermal extremes (maximum sur@mgerature, minimum winter
temperature) as the most relevant niche-discrinmgatariables. Some species present
poikilohydric strategies (absence of stomata, lafakain vacuoles in lamina cells) in most
of Hymenophyllunferns generally associated with coastal or sonthabitats thermally
stable (Poncet al, 2012), while strategies like water-reservingaomes inPolypodium
feuillei were found at wider thermal extremes in transitmMediterranean bioclimate
(Rodriguez, 1995).

Diverse shifts responses by species group
Even though most of the species showed shift effieetards higher elevation and higher
latitude, the responses differed among speciegpgrddore than half of studied trees

showed these globally common trends: polewardsuamdirds (Jumpet al., 2009;
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Parmesan, 2015). Nevertheless, we realized théiofbr groups of understorey ferns, shift
responses in elevation and in latitude were maorerde in direction and in magnitude than
for dominant trees. These different responsesantplhave been documented for other
communities worldwide (Kelly & Woulden, 2008; Lenet al, 2010), but we found
noticeably more diverse responses than those neadieyl VanDerWaét al (2012) for
Australian temperate forests' species. The vanatigesponses to climate change for
ground ferns and epiphytic ferns in this study ddag linked to a more heterogeneous
location of climatic niche positions compared te trees, as displayed by OMI analysis
(Fig. 1.2).

According to the linear models, we found differends in elevational shifts:
Nothofagudrees, co-dominant species and ground ferns pgeajec general greater shifts
for their species located at higher elevations) thase at lower sites. However, this was an
inverse pattern for epiphytic ferns, maybe related dissimilar occupancy of this species
group along the elevational gradient: the meanagien of epiphytic ferns species were
restricted to lower than 600 m a.s.l. while oth@anpgroups exceeded 1000 m a.s.l.

After the examination of the latitudinal gradietiie pattern of latitudinal shift could
be related to the extent of the species' mearilisons. Wider presence was observed in
ground ferns (mean latitudes between 25 and 5theoutiegrees), and greater latitudinal
shifts were expected for those with lower meariddg. ConverselyNothofagusand co-
dominant (mean latitudes between 35 and 48 soutlegrees) projected their greater

latitudinal shifts for species located towards leiglatitude.

Elevational and latitudinal shifts related to nicheposition and niche breadth

The relation found between changes in elevationraette position revealed greater
elevational shifts expected for plants associati thie bioclimatic transition Temperate to
Mediterranean than Temperate to Sub-Antarctic. Eapposite to the European
analogous bioclimatic gradient analysed by Paiuéil (2012), with a greater elevational
change for Temperate-Boreal plants than Meditemamtants. The pattern we found here
included niche segregation in a climate changease@with decreasing precipitation in
almost the entire Temperate gradient, while in Rarprecipitation is expected to increase

in the homologous biome (IPCC, 2013). Besides AmfSthe elevational gradient itself
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was wider at the transition from Temperate to Madénean bioclimate compared to the
transition from Temperate to Sub-Antarctic bioclimyanabling a greater potential for
expressing the expected elevational changes dtlertate change.

The expected changes in elevation and latitude diezetly related to the species'
position in the niche dimension regarding the tredrgnadient from a moderate winter
temperature to the coldest winter temperature. gsiide explanation could be that the
climate change is expected to increase the temperdtroughout the SATF, and this may
heighten the minimum thermal edge across the weadsystem, so that greater changes
could be intensified towards Andean tree line aath§onic boundary of SATF (coldest
winters), compared to the thermally moderate oaernfiuenced Temperate portion.

Theory has stated an inverse relation between mickedth and projected climate
change effects (Thuilleat al, 2005). Our results suggested this trend reggritie impacts
on the elevational gradient: plants with narrowieha breadth were linked to greater
elevational shifts, at least for the main niche Qfthension, in line with assessments in
South Africa for plants (Broennimart al, 2006), and amphibians (Bo#@sal, 2013).
Here we showed that in South America, species mgglricted niche presence across the
Temperate gradient from Mediterranean to Sub-Afitabtoclimate corresponded to the
most shifted plants in terms of elevation due imate change.

Forecasted plants' shifts within latitudinal gradidid not show the formerly stated
inverse pattern when contrasted to niche bread#ite&d, latitudinal shifts were directly
related to niche breadth for both analysed OMI disn@ns, especially axis 1, which is
correlated to a bioclimatic gradient oriented jtdae of Temperate forests from
Mediterranean transition to Sub-Antarctic transitido our knowledge, this is the first
study showing this pattern.

Such results could be explained from the pointiedwof the widespread latitudinal
gradient where SATF grow, also considering thedlipattern found between the plants'
niche breadth (at both OMI dimensions) and theitudinal mean distribution of species,
showing wider niche breadth values towards higattulde. Our results also showed the
direct relation between the plants’ mean latitutkb their latitudinal range. These patterns
corresponded to Rapoport's effect (Stevens, 1988¢h was already described by Arroyo
et al (1996) for SATF plants as well.
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The direct relation found between latitudinal shifid niche breadth could also be
explained because plants with wider niche bread®ATF are related to latitudinal ampler
distributions, as well as the fact that the maimatic niche drivers presented a latitudinal-
wise transition, and also that the projected chatfigethese climatic drivers have been
forecasted with a gradient by latitude, and fingltgat changes of latitudinal extremes are
not expected according to each species' dispeesethanisms. All of them could help for
instance to produce local extinction at the northaistribution and local spread towards
southern distribution, not observed to be frequespecies with narrow latitudinal

distributions.

CONCLUSIONS

Ecological niches of SATF plants were successfiiblgerned by OMI analyses to be
distributed in two bioclimatic dimensions: one sbajby mean temperature range and
seasonality of rainfall displayed in a Mediterrameal emperate- Sub-Antarctic
bioclimate transition, and the second one comprigedinimum temperature of coldest
month in a transition from oceanic-influenced haisitowards Andean tree line and
Patagonic edge.

Key bioclimatic variables for niches differed byespes group: maximum
temperature of the warmest month for domirdothofagusprecipitation seasonality for
co-dominant species, annual precipitation for gebiemns and both maximum warmest
month temperature and minimum coldest month tentyexdor epiphytic ferns. It is
suggested that differences found could be due tpinadogical or physiological specific
traits.

Elevational and latitudinal shifts in responseltmate change for understorey
species may not be assumed to be the same inidirectmagnitude as for the trees that
dominate these temperate forests. Most dominantesttbminant trees were expected to
shift towards higher elevation and latitude, widms groups were projected to display
more diverse responses in direction, related ferdifices in niche characteristics. Shifts in
magnitude differed among species groups as wethpaauing the niche segregation in the

environmental dimensions.
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Expected elevational changes were suggested tovbeskly related to niche
breadth as formerly stated. Latitudinal variatidstodied species' niche breadth supported
the Rapoport's effect, and this together with thequal expression of climate change
projection in the whole distribution of SATF maypéain the fact that latitudinal changes

showed a direct relation with niche breadth comttarthe expected by theory.
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TABLES

Table 1.1.Correlation values between bioclimatic variabled the two main axes from
the Outlying Mean Index (OMI) analysed for all $pecies and also for each studied group
separately. Proportion of the total variance ex@diby each OMI axis is also shown.

Source: own elaboration.

Bioclimatic variable All species Nothofagus | Co-dominant | Ground ferns | Epiphytic ferns
OMI1|OMI2|OMI1|OMI2 | OMI1|OMI2|OMI1|OMI2 | OMI1 |OMI2

Mean Temperature

bv02 -0.799| -0.019| -0.762| 0.052 | -0.775| 0.098 | -0.555| 0.071 | 0.228 | 0.216

Range

bv04| T€Mperature -0.624| 0.191 | -0.510| 0.223 | -0.618| 0.163 | -0.364| 0.223 | 0.038 | 0.173
Seasonality

bvos| Max Temperature | , 5,41 g 5a5| .0.774| -0.198| -0.793| -0.103| -0.511| -0.291| 0.481 | 0.088

Warmest Month

Min Temperature

bv06 Coldest Month

0.080 | -0.563| -0.107| -0.529| -0.012| -0.452| -0.059| -0.512| 0.481 | -0.129

Annual

bv12 Precipitation

0.510 | -0.280| 0.288 | -0.402| 0.609 | -0.002| 0.601 | -0.139| 0.116 | -0.377

Precipitation

bv15 Seasonality

-0.752| -0.216| -0.764| -0.113| -0.803| -0.082| -0.577| -0.201| 0.443 | 0.124

Precipitation

bv18 Warmest Quarter

0.648 | -0.052| 0.559 | -0.198| 0.632 | 0.138 | 0.577 | 0.024 | -0.219 | -0.276

Precipitation

bv19 Coldest Quarter

0.101 | -0.485| -0.171| -0.492| 0.249 | -0.251| 0.480| -0.219| 0.352 | -0.307

% Explained: 74.4%| 20.9%| 73.3%| 24.7%| 85.1%| 9.4% | 68.1%| 17.7%| 63.7% | 30.4%

Table 1.2.Proportion of each species group (%) and totatispeaccording to the
expected shift due to climate change in elevatimhlatitude. Species numbers are in

parentheses. Source: own elaboration.

Expgcted Cha”ge in: Nothofagus | Co-dominant| Ground ferns| Epiphytic ferns| Total species
Elevation Latitude
Downward | Northward - - 4% (2) 4% (1) 3% (3)
Downward Stable - 4% (1) 4% (2) - 3% (3)
Downward | Southward - - 9% (5) 4% (1) 5% (6)
Stable Northward - 4% (1) 4% (2) 7% (2) 4% (5)
Stable Stable 22% (2) 4% (1) - 11% (3) 5% (6)
Stable Southward 11% (1) 11% (3) 13% (7) 33% (9) 17% (20)
Upward Northward - 7% (2) 16% (9) 7% (2) 11% (13)
Upward Stable 11% (1) 15% (4) 13% (7) 7% (2) 12% (14)
Upward Southward 56% (5) 56% (15) 38% (21) 26% (7) 41% (48)
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FIGURES

Figure 1.1.Geographical distribution of southern South Anmemicainforests with
Nothofagushabitat according to Alarcon & Cavieres (2015mpared to elevational
gradient along with latitudinal gradient and thedblimatic transition from Mediterranean

to Temperate bioclimates according to Luebert &diff (2006). Source: own elaboration.

Figure 1.2.Analysis of distribution of assessed species ohenaxes from bioclimatic

variables using the Outlying Mean Index (OMI) meth8ource: own elaboration.

Figure 1.3.Niche position and niche breadth comparison fiosg@cies in both
components of Outlying Mean Index (OMI): OMI axigléft) and OMI axis 2 (right).

Source: own elaboration.

Figure 1.4.Scattered plots of expected shifts in elevatioaxs) and latitude (y axis) for
each species in &othofagusdominant trees, b) co-dominant species, c) grdend, and
d) epiphytic ferns. Histograms of species by exgpashift are also shown above (by

elevation) and right (by latitude) for each plobugce: own elaboration.

Figure 1.5.Expected shifts by each species group in elevdlatters a to d) and in latitude
(letters e to h). Each species is representedrblesj no change position is represented by
diagonal green lines. Fitted linear models for esmcies group are shown in red lines.

Source: own elaboration.

Figure 1.6.Relations for all the species between niche posiind niche breadth and
expected shifts: between niche position and elematichanges in a) OMI axis 1, and b)
OMI axis 2; between niche position and latitudicla@nges in ¢) OMI axis 1, and d) OMI
axis 2; between niche breadth and elevational dsmge) OMI axis 1, and f) OMI axis 2;
and between niche breadth and latitudinal changgy ©OMI axis 1, and h) OMI axis 2.

Source: own elaboration.

Figure 1.7.Differences in niche breath index of species, betleast shifted half of
species and most shifted half of species in batation and latitude, considering both

OMI 1 and OMI 2 niche axes. Source: own elaboration

Figure 1.8.Relations for all species regarding latitudinalgmaeters: between niche
breadth index and latitudinal mean for a) OMI 1d &h OMI 2; between latitudinal range
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and niche breadth for ¢c) OMI 1, and d) OMI 2; ejveen latitudinal range and latitudinal
mean; and f) between latitudinal change index atitutlinal range. Source: own

elaboration.
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Source: own elaboration.
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a) Niche position OMI 1 ~ Elevational changes b) Niche position OMI 2 ~ Elevational changes
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Figure 1.6.Relations for all the species between niche posiind niche breadth and
expected shifts: between niche position and elematichanges in a) OMI axis 1, and b)
OMI axis 2; between niche position and latitudicla@nges in ¢) OMI axis 1, and d) OMI
axis 2; between niche breadth and elevational dsmge) OMI axis 1, and f) OMI axis 2;
and between niche breadth and latitudinal changgy ©OMI axis 1, and h) OMI axis 2.

Source: own elaboration.
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Figure 1.6.(continued). Relations for all the species between niche posiind niche
breadth and expected shifts: between niche postiohelevational changes in a) OMI axis
1, and b) OMI axis 2; between niche position anitidinal changes in ¢) OMI axis 1, and
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a) Elevation,OMI1 D) Elevation,OMI2 C) Latitude, OMI1  d) Latitude, OMI 2
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a) Latitudinal mean ~ Niche breadth OMI 1 b) Latitudinal mean ~ Niche breadth OMI 2
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SUPPORTING INFORMATION LEGENDS

Table 1.S1.Plant species information with elevational andudinal data. Source: own

elaboration.

Figure 1.S1.Graphs of OMI analyses performed by species grDigiribution of species
on niche axes using the Outlying Mean Index (OMétimod, considering each species
group (upper graphs) and the variables correlat@ath axis (lower graphs): a)
Nothofagusb) co-dominant species, c¢) ground ferns and ghhgtic ferns. Source: own
elaboration.

Figure 1.S2.Niche position and niche breadth comparison fecss in both components
of Outlying Mean Index (OMI) axis 1 at left and Olslxis 2 at right, by species group: a)
Nothofagusb) co-dominant species, c¢) ground ferns and ghhgtic ferns. Source: own
elaboration.
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Table 1.S1Plant species information with elevational andualinal data. Source

: own elaboration.

Abbre-

Niche

Niche

. Niche Niche
. . Species viation Number of ~ breadth  breadth I o
Plant species Family group usedin  occurrences index index p();)l\s;”lin pgf\;ltllgn
graphs ©Om 1) (omi2) ©OMI1L)  (OM2)
Adiantum chilens&aulf. Pteridaceae Ground fern ac 297 1.4208 0.8687 -2.1642  -0.9479
Adiantum excisurfunze Pteridaceae Ground fern ae 78 0.9552 0.6118 -3.5900 -0.4429
Adiantum gertrudi€spinosa Pteridaceae Ground fern ag 20 0.8689 1.1481 -3.5547 -0.1869
Adiantum scabrurKaulf. Pteridaceae Ground fern as 84 0.9915 0.9782 -3.3658 -0.4768
Adiantum sulphureuraulf. Pteridaceae Ground fern ah 129 1.4229 1.0188 -2.7972  -0.5692
Aextoxicon punctatuiRuiz & Pav. Aextoxicaceae Co;;zrggsant AP 3,391 1.2603 0.5512 -0.2158 -1.3971
Araucaria araucangMolina) K. Koch Araucariaceae Co;;cérggsant AA 6,946 0.4227 0.6717  -2.2773 0.0971
. . . Epiphytic
Asplenium dareoideBesv. Aspleniaceae fern ad 162 1.5222 1.8350 -0.2026  -0.0591
Asplenium monanthés Aspleniaceae Ground fern am 7 2.6702 0.7915 -0.0138 -1.6335
Asplenium obtusatu@. Forst. varsphenoidegkunze) C. Aspleniaceae  Ground fern a0 44 14424 06387 -0.0725 -1.7246
Chr. ex Skottsb.
. . ; Epiphytic
Asplenium trilobunCav. Aspleniaceae fern at 49 1.2192 0.7736  -0.1345 -1.5718
Austrocedrus chilensi®. Don) Pic.Serm. & Bizzarri Cupressaceae Co;:)c;r(‘:r:glsant AC 426 1.0421 0.8524  -3.0234 0.0357
Azara petiolarigD. Don) I.M. Johnst. Salicaceae Co;:l)c;rcr;gsant AZ 73 0.3830 0.5146  -3.9227 0.4430
Blechnum arcuaturd. Remy Blechnaceae Ground fern ba 42 1.5178 0.8481 -0.0420 -1.3674
Blechnum asperuigKlotzsch) J.W. Sturm Blechnaceae Ground fern br 15 0.9106 0.5627 0.0619 -1.7019
Blechnum blechnoidéseyserl. Blechnaceae Ground fern bb 30 1.2376 0.5226 0.2513  -1.7212
Blechnum chilens@Kaulf.) Mett. Blechnaceae Ground fern bc 133 1.5525 0.8516 -1.6173 -1.0078
Blechnum corralensEspinosa Blechnaceae Ground fern bl 15 0.8418 0.6246 0.0124  -1.6077
Blechnum hastatuidaulf. Blechnaceae Ground fern bh 309 1.4141 0.9679 -2.0365 -0.9873
Blechnum magellanicuibesv.) Mett. Blechnaceae Ground fern bm 111 1.9819 1.6041 -0.0597 -0.2524
Blechnum microphyllurfGoldm.) C.V. Morton Blechnaceae Ground fern bi 60 0.8586 1.1864 -2.5054 0.4081
Blechnum mochaenu@®. Kunkel Blechnaceae Ground fern bo 129 1.3915 0.7598 -1.1836  -1.2892
Blechnum penna-marin@oir.) Kuhn Blechnaceae Ground fern bp 146 1.1627 1.8755 0.2883 0.5190
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Co-dominant

Blepharocalyx cruckshankgiHook. & Arn.) Nied. Myrtaceae species BC 253 0.8396 0.4390 -1.5982  -1.2431
Botrychium duseni{H. Christ) Alston Ophioglossaceae  Ground fern bd 15 0.8533 0.7862 0.2322 2.9950
Cheilanthes glaucéCav.) Mett. Pteridaceae Ground fern ch 123 0.9121 0.9448  -3.2695 0.3365
Cheilanthes hypoleugg&unze) Mett. Pteridaceae Ground fern cy 104 0.8892 0.9539 -3.5661 -0.2230
Cheilanthes molligKunze) C. Presl Pteridaceae Ground fern cm 98 0.9664 0.9550 -2.8313 -0.1744
Cryptocarya albgMolina) Looser Lauraceae Coé‘g‘égg‘sam CA 11,386  0.7600  0.6452 -3.5566  -0.3508
Cryptogramma fumariifoligPhil. ex Baker) H. Christ Pteridaceae Ground fern cf 19 0.5107 0.8829  -3.3267 1.0253
Cystopteris fragiligL.) Bernh. Dryopteridaceae  Ground fern cg 137 1.7734 1.8567 -1.7371 1.2145
Dennstaedtia glaucéCav.) C. Chr. ex Looser Dennstaedtiaceae  Ground fern dg 20 0.4205 1.0642  -3.7603 0.5253
Drimys andina(Reiche) R. Rodr. & Quezada Winteraceae Co;;cérg;gsant DA 38 0.8107 0.6354 -1.4334  -0.2900
Drimys winteriJ.R. Forst. & G. Forst. Winteraceae Coézzgg‘sa”t DW 8,543  1.0506 0.6514  0.6333 -1.3911
Elaphoglossum gayanuRée) T. Moore Lomariopsidaceae  Ground fern eg 10 0.4950 1.2447  -0.4997 -1.6595
Elaphoglossum mathewgkée) T. Moore Lomariopsidaceae  Ground fern em 11 0.4841 0.8280 -0.3201  -1.2913
Elaphoglossum portetilicken Lomariopsidaceae  Ground fern ep 5 0.1276 0.0520 -0.1333 -1.9134
Equisetum bogotens@inth Equisetaceae Ground fern eb 157 1.5951 1.1760 -2.3147 -0.6770
Equisetum giganteuin Equisetaceae Ground fern ei 65 1.1467 1.1959 -3.1666 -0.1902
Eucryphia cordifoliaCav. Eucryphiaceae Co;:)cérg;gsant EC 3,998 1.0734 0.5215 -0.0026  -1.4311
Fitzroya cupressoide@vlolina) I.M. Johnst. Cupressaceae Coézzgg“sa”t FC 6,158 0.7098  0.7595  0.1494  -0.4007
Gevuina avellanMolina Proteaceae Co;:)zrg;gsant GA 6,135 1.0953 0.6506  -1.4263  -1.1890
Gleichenia cryptocarp&iook. Gleicheniaceae Ground fern gc 63 1.3813 0.9107 0.0869  -1.4315
Gleichenia litoralis(F. Phil.) C. Chr. Gleicheniaceae Ground fern gl 17 1.1836 0.7694 0.8989  -1.2009
Gleichenia quadripartitgPoir.) T. Moore Gleicheniaceae Ground fern aq 82 1.3799 1.6407 0.7022  -0.2221
Gleichenia squamulos@esv.) T. Moore Gleicheniaceae Ground fern gs 107 1.1725 0.6002 -0.2912 -1.6076
Gomortega keuléMolina) Baill. Gomortegaceae Co;;cérggsant GK 66 0.2902 0.2726  -1.5633  -1.2371
. . - Epiphytic
Grammitis magellanic®esv. Grammitidaceae fern gm 62 1.2255 1.6533 0.3652 0.2108
. . . - Epiphytic
Grammitis patagonicéC. Chr.) Parris Grammitidaceae fern ap 7 0.8451 1.9043 0.1848 0.7533
. . . - Epiphytic
Grammitis poeppigianéMett.) Pic.Serm. Grammitidaceae fern go 20 1.2982 1.4817 0.0536 1.3702
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Epiphytic

Hymenoglossum cruentuf@av.) C. Presl Hymenophyllaceae fern hg 70 1.2738 0.7828 0.4545  -1.4982
Hymenophyllum caudiculatuMart. Hymenophyllaceae Epf'gm’t'c hc 94 1.0748 0.6373 0.1161  -1.5241
Hymenophyllum cuneatukunze Hymenophyllaceae Epflgm/tlc hu 18 1.7801 0.6719 0.8107 -1.6238
Hymenophyllum darwinidook. f. ex Bosch Hymenophyllaceae Epflgm/tlc hd 20 1.6796 1.3782 -0.1623 -0.5351
Hymenophyllum dentatu@av. Hymenophyllaceae Epf'gm’t'c he 95 1.2870 1.1534 -0.1630 -1.0884
Hymenophyllum dicranotrichuf€. Presl) Hook. ex Sadeb. Hymenophyllaceae Epflgm/tlc hi 42 1.1326 0.9519 0.3422  -1.5806
Hymenophyllum falklandicuaker Hymenophyllaceae Ep]:gmltlc hf 20 1.3963 1.5651 0.0685 1.1396
. Epiphytic
Hymenophyllum ferrugineuolla Hymenophyllaceae fern hr 41 1.5600 1.4389 1.2527  -0.3997
Hymenophyllum fuciform8w. Hymenophyllaceae Epflgmltlc ho 34 1.3936 0.6857 -0.1695  -1.5058
Hymenophyllum krauseanumhil. Hymenophyllaceae Epflgmltlc hk 62 1.1051 0.8981 0.2034  -1.4438
Hymenophyllum nahuelhuapien®&em & J.S. Licht. Hymenophyllaceae Epflsm/tlc hh 5 0.5197 1.9935 0.6411 1.4281
Hymenophyllum pectinatu®av. Hymenophyllaceae Epflgmltlc hp 89 1.4247 1.3789 0.6241  -0.8271
Hymenophyllum peltatuiiPoir.) Desv. Hymenophyllaceae Epflgm/tlc hi 56 1.7195 1.4557 -0.3822  -0.1592
Hymenophyllum plicatudaulf. Hymenophyllaceae Epflgm’t'c ha 62 1.1282 0.8085 -0.2305 -1.5314
Hymenophyllum secundutook. & Grev. Hymenophyllaceae Epflgrnytlc hs 71 1.0661 1.6984 1.2249 0.7584
Hymenophyllum seselifoliu@. Presl Hymenophyllaceae Epflgm/tlc hm 61 1.2475 1.7324 0.7189  -0.4224
Hymenophyllum tortuosuiook. & Grev. Hymenophyllaceae Epf'gm’t'c ht 81 1.2122 1.6427 0.9880 0.7988
Hymenophyllum tunbrigengk.) Sm. Hymenophyllaceae Epflgm/tlc hn 15 1.1544 1.0650 -1.4314 -1.3971
Hymenophyllum umbratilBiem & J.S. Licht. Hymenophyllaceae Epf'g:‘r?’“c hb 13 0.8983  0.4626  0.6908  -1.3752
Hypolepis poeppigi{fKunze) R. Rodr. Dennstaedtiaceae  Ground fern 105 1.6880 0.6986 -0.8178  -1.3527
Laurelia sempervirenfRuiz & Pav.) Tul. Monimiaceae Co-dominant LS 635 0.7513 0.5119 -1.0636  -1.4428
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species

Co-dominant

Laureliopsis philippiangLooser) Schodde Monimiaceae species LP 6,404 0.9570 0.7040 0.3853  -1.0518

Lomatia hirsutalLam.) Diels Proteaceae Co;:)cércr;gsant LH 1,136 1.3050 1.0357 -1.3797 -0.6560

Lophosoria quadripinnatdJ.F. Gmel.) C. Chr. Dicksoniaceae Ground fern Iq 87 1.3867 0.8832 -0.5105 -1.2995

Luma apiculataDC.) Burret Myrtaceae Coézgrgg‘sam LA 6,713 12428 06391 01001 -1.4032

Lycopodium alboffiRolleri Lycopodiaceae Ground fern la 18 0.8048 1.4007 0.5049 2.2210

Lycopodium conferturwilld. Lycopodiaceae Ground fern Ic 22 1.1299 1.4510 0.9475 0.2652

Lycopodium gayanurh Remy Lycopodiaceae Ground fern Ig 34 1.1707 0.9524 0.5135 -1.1628

Lycopodium magellanicuii®. Beauv.) Sw. Lycopodiaceae Ground fern Im 104 1.2445 1.7654  -0.1047 0.6868

Lycopodium paniculaturbesv. Lycopodiaceae Ground fern Ip 69 0.9730 0.9521 -0.3861  -1.3924

Maytenus distichéHook. f.) Urb. Celastraceae Coézzgg‘sam MD 52 13437 13135 -1.3654  0.7295

Megalastrum spectabil@aulf.) A.R. Sm. & R.C. Moran Dryopteridaceae  Ground fern ms 83 1.3669 0.9422  -0.4155  -1.4128

Myrceugenia planipegHook. & Arn.) O. Berg Myrtaceae Cogsfe’gg‘sa”t ME 829  1.4077 0.4682 -1.0364 -1.3805

Myrceugenia exsucddC.) O. Berg Myrtaceae Coézzgg‘sam MP 113 1.0749 06952 -0.3473  -1.4537
. Dominant

Nothofagus alessandiispinosa Nothofagaceae species NL 64 0.2858 0.1655 -2.8691  -0.9355
. Dominant

Nothofagus alpingPoepp. & Endl.) Oerst. Nothofagaceae species NR 10,759 0.6975 0.7586  -2.0925 -0.6336
. Dominant

Nothofagus antarcticéG. Forst.) Oerst. Nothofagaceae species NT 29,159 1.6541 1.4167  -0.4802 1.4140
. . Dominant

Nothofagus betuloidgMirb.) Oerst. Nothofagaceae species NB 32,388 1.5859 1.4835 1.3255 0.6317
. Dominant

Nothofagus dombeyMirb.) Oerst. Nothofagaceae species ND 27,092 1.0785 0.9894 -1.3156  -0.4554
. Dominant

Nothofagus glaucéPhil.) Krasser Nothofagaceae species NG 4,343 0.4874 0.6293 -3.3503 -0.3020
" . Dominant

Nothofagus nitidgPhil.) Krasser Nothofagaceae species NN 37,581 1.0973 0.8908 1.4210 -0.5173
. . Dominant

Nothofagus obliqué&Mirb.) Oerst. Nothofagaceae species NO 42,600 1.0575 0.8771  -2.1395 -0.7310

Nothofagus pumiligPoepp. & Endl.) Krasser Nothofagaceae D;g'é‘iggt NP 28,747 13002 12418 -0.5470  1.6162

Pellaea myrtillifoliaMett. ex Kuhn Pteridaceae Ground fern pm 22 0.8700 0.7300  -3.6450 0.3558
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Pellaea ternifolia(Cav.) Link Pteridaceae Ground fern pe 29 1.2475 2.0488  -3.0855 0.5081
Persea linguéMiers ex Bertero) Nees Lauraceae Coéﬂggg“sam PL 3,182 07726  0.5683 -1.7490  -1.1560
Philesia magellanicd.F. Gmel. Philesiaceae Co;:)(;rcr;gsant PM 72 1.0954 1.3101 1.1818 -0.6414
Pilgerodendron uviferurtD. Don) Florin Cupressaceae Coé‘g‘égg‘sam PU 20,591 11495 1.2086 25262  -0.3082
Pleopeltis macrocarpéBory ex Willd.) Kaulf. Polypodiaceae Epflgrnytlc pl 16 0.8213 0.3740 -1.1752  -1.6472
Pleurosorus papaverifoliug<unze) Mett. Aspleniaceae Ground fern pp 36 1.2354 1.0569 -3.3241 0.3439
Podocarpus salignud. Don Podocarpaceae Coéﬂggg“sam PN 19,391 1.6086 11278  2.0043  -0.5963
Podocarpus nubigenusndl. Podocarpaceae Co;;(érg;gsant PS 99 1.1493 0.7201  -2.0492  -1.1240
. . Epiphytic
Polypodium feuilleBertero Blechnaceae fern pf 136 1.3807 0.6689 -0.8313  -1.4884
Polystichum andinurRhil. Dryopteridaceae  Ground fern pa 38 1.4571 1.8065 -1.2605 1.4671
Polystichum chilensgH. Christ) Diels Dryopteridaceae  Ground fern ph 118 1.5671 1.3712 -1.1055 -0.7610
Polystichum multifidunfMett.) H. Christ Dryopteridaceae  Ground fern pu 29 1.0199 1.5802 0.7138 0.5382
Polystichum plicatunfPoepp. ex Kunze) Hicken Dryopteridaceae  Ground fern pc 124 1.4387 1.4029 -2.0156 0.8488
Polystichum subintegerrimuhlook. & Arn.) R. Rodr. Dryopteridaceae  Ground fern ps 22 1.0379 0.6403 -1.0478 -1.3530
Pteris chilensiDesv. Pteridaceae Ground fern pt 33 0.9043 0.4076  -2.2412  -1.2314
Pteris semiadnat&hil. Pteridaceae Ground fern pd 38 1.0094 0.7248 0.0274  -1.5234
Rhaphithamnus spinosduss.) Moldenke Verbenaceae Co;;(ércv}gsant RS 3,398 1.1381 0.8326  -0.0446  -1.1996
Rumohra adiantiformi¢G. Forst.) Ching Dryopteridaceae  Ground fern ra 78 1.1034 1.3625 -1.2107 -0.9182
Schizaea fistuloskabill. Schizaeaceae Ground fern sf 18 1.0074 0.9119 1.0224  -1.2923
Serpyllopsis caespitog&audich.) C. Chr. Hymenophyllaceae Epf'gm’t'c sc 51 1.0601 1.7673 0.7468 0.3031
Tepualia stipularigHook. & Am.) Griseb. Myrtaceae Coéiggg‘sam TS 25869 1.0506 0.9626  2.0284 -0.6435
Thelypteris argentingHieron.) Abbiatti Thelypteridaceae  Ground fern ta 44 0.6772 0.9332 -3.3393 -0.2891
Trichomanes exsectukunze Hymenophyllaceae Ground fern te 17 1.0241 0.3734 0.3509  -1.8633
Weinmannia trichosperm@av. Cunoniaceae Co-dominant WT 24,577 1.4063 0.8282 1.3861  -0.4842

species
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Table 1.S1. (continued)Plant species information with elevational andalinal data. Source: own elaboration.

Present  Future Elevational Present  Future Latitudinal Latitudinal Elevational Latitudinal
. mean mean mean mean Elevational Latitudinal

Plant species . : change . . change range change change

elevation elevation ndex latitude latitude dex (degrees) direction  direction change group change group

(ma.s.l) (mas.l) (degrees) (degrees)
Adiantum chilens&aulf. 582 621 6.2609 -35.7167 -36.1365 0.6479 30.6654 Upward Southward  Least changed Most changed
Adiantum excisurfunze 637 754 10.8176 -32.6630 -32.8551 0.4383 10.6496 Upward Southward  Most changed  Least changed
Adiantum gertrudig€spinosa 574 626 7.2227 -33.2380 -33.1919 0.2149 2.4999 Upward Stable Most changed  Least changed
Adiantum scabrurkKaulf. 756 900 11.9903 -35.1936 -35.4207 0.4765 8.4580 Upward Southward  Most changed  Least changed
Adiantum sulphureur{aulf. 706 845 11.7736 -35.3777 -35.7368 0.5992 17.3660 Upward Southward  Most changed  Most changed
Aextoxicon punctaturRuiz & Pav. 409 495 9.2534 -39.7061 -40.0400 0.5778 13.4995 Upward Southward  Most changed  Most changed
Araucaria araucangMolina) K. Koch 1176 1299 11.0673 -38.4187 -38.6739 0.5052 2.9499 Upward Southward  Most changed Least changed
Asplenium dareoideBesv. 432 413 4.3020 -43.2113 -43.8589 0.8048 25.6656  Stable Southward  Least changed Most changed
Asplenium monanthés 163 292 11.3636 -41.5083 -41.3138 0.4410 12.1995 Upward Northward  Most changed  Least changed
Asplenium obtusatui@. Forst. var.
spEenoide$Kunze) C.Chr. ex Skottsb. 103 140  6.0565 -41.1161 -41.1276  0.1074 165993 ©-Pward ~ Stable  Leastchanged —Leastchanged
Asplenium trilobunCav. 133 210 8.7530 -40.7825 -41.0081 0.4750 11.6829 Upward Southward ~ Most changed  Least changed
Austrocedrus chilensi®. Don
Pic.Serm. & Bizzarri ( : 1137 1342 143006 -37.2250 -37.1119  0.3363 112079 “Pward  Northward ~ Mostchanged — Least changed
Azara petiolarigD. Don) I.M. Johnst. 1105 1312 14.3936 -34.5881 -34.5957 0.0870 6.0748 Upward Stable Most changed  Least changed
Blechnum arcuaturd. Remy 401 468 8.1283 -41.8273 -41.9191 0.3031 14.9077 Upward Stable Most changed  Least changed
Blechnum asperuitKlotzsch) J.W.
Sturm peruti : 354 361  2.6815 -40.3623 -40.7676  0.6366 65414 Sple  Southward - Leastchanged  Most changed
Blechnum blechnoiddseyserl. 47 87 6.2971 -41.3455 -41.4182 0.2695 9.9913 Upward Stable Least changed Least changed
Blechnum chilensgKaulf.) Mett. 490 534 6.6234 -38.7014 -38.8248 0.3513 23.8574 Upward Southward ~ Most changed  Least changed
Blechnum corralensEspinosa 296 286 3.0115 -40.3367 -40.0613 0.5248 4.3082  Stable Northward Least changed Most changed
Blechnum hastaturdaulf. 608 635 5.1696 -37.2508 -38.1233 0.9341 13.0911 Upward Southward  Least changed Most changed
Blechnum magellanicuiibesv.) Mett. 449 475 5.0887 -43.1619 -43.4126 0.5007 21.8741 Upward Southward  Least changed Least changed
Blechnum microphyllurtGoldm.
o Moo OPrroldm,) 1297 1164 115335 -37.6989 -37.8848  0.4311  9.0246 D°Wnward Southward — Mostchanged — Least changed
Blechnum mochaenu@®. Kunkel 474 656 13.4869 -38.6051 -38.9258 0.5663 10.6829 Upward Southward  Most changed  Most changed
Blechnum penna-marin@oir.) Kuhn 316 308 2.7893 -45.7154 -46.9023 1.0894 19.1576  Stable Southward  Least changed  Most changed
Blepharocalyx cruckshankgiHook. &
Arm) Nied. * 137 151  3.6899 -39.1677 -39.0357  0.3632  9.2413 Sl Northward - Leastchanged — Least changed
Botrychium duseni{H. Christ) Alston 658 881 14.9220 -50.9102 -50.7186 0.4377 12.0079 Upward Northward ~ Most changed Least changed
Cheilanthes glaucéCav.) Mett. 1256 1338 9.0543 -35.4552 -35.5758 0.3472 17.6076 Upward Southward ~ Most changed  Least changed
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Cheilanthes hypoleug&unze) Mett. 927 1067 11.8380 -33.7342 -33.5602 0.4171 9.3246 Upward Northward ~ Most changed Least changed
Cheilanthes molligkunze) C. Presl| 711 781 8.3590 -29.4356 -29.1726 0.5128 15.5994 Upward Northward ~ Most changed Least changed
Cryptocarya albgMolina) Looser 682 870 13.7078 -34.9401 -34.9926 0.2291 7.6914 Upward Stable Most changed  Least changed
Cryptogramma fumariifoligPhil. ex

Baker) H. Christ 1348 1386  6.1262 -36.0919 -36.5009  0.6396  9.8579 -Pward ~ Southward Leastchanged Most changed
Cystopteris fragiligL.) Bernh. 932 888 6.5831 -41.6880 -41.3383 0.5913 37.8235 Downward Northward Leastchanged Most changed
Dennstaedtia glaucéCav.) C. Chr. ex

Looser 1388 1448  7.7430 -34.1689 -34.3655  0.4435  7.0830 UPwad ~ Southward - Mostchanged - Least changed
Drimys andina(Reiche) R. Rodr. &

Quezada 1141 1195  7.3656 -39.0087 -38.8326  0.4197  6.124g UPward  Northward - Mostchanged — Least changed
Drimys winteriJ.R. Forst. & G. Forst. 427 463 5.9714 -42.4396 -42.9378 0.7058 25.3656 Upward Southward Least changed  Most changed
Elaphoglossum gayanu(fée) T.

Moore 320 243 9.2275 -40.6457 -40.5785  0.2593  5.874g Downward  Stable  Mostchanged  Least changed
Elaphoglossum mathewsgkée) T.

Moore 342 438 9.7663 -41.2708 -41.3155 002114 20499 “Pward ~ Stable  Mostchanged  Least changed
Elaphoglossum portekiicken 392 425 5.6979 -41.1845 -41.2041 0.1399 0.6666 Upward Stable Least changed Least changed
Equisetum bogotens@inth 745 730 3.9512 -36.8251 -37.7588 0.9663 27.3406 Stable Southward Least changed Most changed
Equisetum giganteuin 849 1014 12.8679 -30.4954 -30.4737 0.1475 19.6409 Upward Stable Most changed  Least changed
Eucryphia cordifoliaCav. 300 384 9.1757 -40.8040 -41.2591 0.6747 7.2080 Upward Southward  Most changed  Most changed
Fitzroya cupressoide@violina) I.M.

Johnst. 573 637  8.0597 -41.7332 -42.1025  0.6077  4.0832 “PWad  Southward - Mostchanged  Most changed
Gevuina avellaniMolina 451 495 6.5822 -39.4171 -39.8843 0.6835 8.7246 Upward Southward  Least changed  Most changed
Gleichenia cryptocarp&look. 327 380 7.2685 -41.5506 -41.6809 0.3609 18.6576 Upward Southward ~ Most changed  Least changed
Gleichenia litoralis(F. Phil.) C. Chr. 333 221 10.5703 -41.2553 -40.7052 0.7417 9.6496 Downward Northward Most changed Most changed
Gleichenia quadripartitgPoir.) T.

Moore 306 309  1.8291 -45.1688 -46.0345  0.9304 190659 ne  Southward - Leastchanged — Most changed
Gleichenia squamulos@esv.) T.

Moore 202 235  5.7404 -40.6568 -40.9474  0.5391 10.6579 “PWard  Southward - lLeastchanged — Most changed
Gomortega keuléMolina) Baill. 327 283 6.5961 -36.7306 -36.6914 0.1980 1.9749 Downward Stable Least changed Least changed
Grammitis magellanic®esv. 396 394 1.5123 -46.6624 -46.4058 0.5065 19.4242  Stable Northward  Least changed Least changed
Grammitis patagonicéC. Chr.) Parris 367 382 3.9400 -46.9249 -47.5882 0.8144 12.8912  Stable Southward  Least changed  Most changed
Grammitis poeppigianéMett.)

Pic.Serm. 512 725 145818 -50.6446 -50.7952  0.3880 17.7910 YPWard  Southward - Mostchanged  Least changed
Hymenoglossum cruentuf@av.) C.

Pres| 106 237  6.4551 -41.8802 -42.1565 05256 157994 Pward  Southward  Leastchanged — Mostchanged
Hymenophyllum caudiculatuMart. 230 273 6.5998 -41.4372 -41.6708 0.4833 14.8411 Upward Southward  Least changed Least changed
Hymenophyllum cuneatuikunze 284 301 4.1559 -42.5682 -42.2041 0.6034 14.9994  Stable Northward Least changed Most changed
Hymenophyllum darwinidook. f. ex

Bosch 496 644 12,1659 -40.7699 -40.8842  0.3380 19.0076 “-Pward ~ Southward  Mostchanged  Least changed
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Hymenophyllum dentatu@av. 389 400 3.2463 -41.4308 -41.4443 0.1160 19.3576 Stable Stable Least changed Least changed
Hymenophyllum dicranotrichuiC.

Presl) Hook. ex Sadeb. 202 309  4.1848 -41.8189 -42.1228  0.5513 112162 ople  Southward - lLeastchanged Mot changed
Hymenophyllum falklandicuBaker 532 392 11.8320 -47.0141 -47.3356 0.5671 19.4992 Downward Southward Most changed Most changed
Hymenophyllum ferrugineu@olla 338 324 3.8134 -46.0163 -46.2473 0.4805 18.4493  Stable Southward Least changed Least changed
Hymenophyllum fuciform&w. 140 195 7.4140 -40.4420 -40.9899 0.7402 11.5162 Upward Southward ~ Most changed  Most changed
Hymenophyllum krauseanupil. 306 290 3.9744 -42.0192 -42.1487 0.3599 12.5995 Stable Southward  Least changed Least changed
Hymenophyllum nahuelhuapiense

Diem & J.S. Licht. 122 191  8.2828 -53.2385 -53.3002  0.2659 155327 Pward ~ Stable  Mostchanged - Least changed
Hymenophyllum pectinatu@av. 271 288 4.1705 -44.0865 -45.0982 1.0058 20.1575 Stable Southward Least changed = Most changed
Hymenophyllum peltatuiPoir.) Desv. 489 424 8.0476 -42.1184 -41.8730 0.4954  25.4406 Downward Northward Most changed Least changed
Hymenophyllum plicaturidaulf. 305 313 2.8404 -41.0570 -41.0811 0.1552 13.0578 Stable Stable Least changed Least changed
Hymenophyllum secundurook. &

Grev. 200 215 25333 -48.5364 -48.8793 05856 16.4577 Sple  Southward - Leastchanged  Most changed
Hymenophyllum seselifoliu@. Presl| 285 287 1.5113 -46.3583 -46.3185 0.1994 18.9742  Stable Stable Least changed Least changed
Hymenophyllum tortuosuiook. &

Grev. 315 203 47287 -48.3712 -48.8011  0.6557 17.8410 Swople  Southward - Leastchanged  Most changed
Hymenophyllum tunbrigengk.) Sm. 96 184 9.4084 -37.4767 -37.1704 0.5534 8.4330 Upward Northward  Most changed  Most changed
Hymenophyllum umbratilBiem &

J.S. Licht. 331 444  10.5923 -41.9549 -42.4878  0.7300  4.9665 “-PWard  Southward - Mostchanged  Most changed
Hypolepis poeppigi{fKunze) R. Rodr. 282 304 4.7086 -40.8313 -40.9985 0.4089 20.8825  Stable Southward Least changed Least changed
Laurelia sempervirenfRuiz & Pav.)

Tul, 537 685  12.1655 -38.6732 -38.6917  0.1359  8.2163 -PWad  Stable  Mostchanged Least changed
Laureliopsis philippiangLooser)

Schodde 379 446  8.1919 -42.4008 -42.7209  0.5658  8.80go “-PWard  Southward - Mostchanged - Most changed
Lomatia hirsuta(Lam.) Diels 564 653 9.4219 -39.3147 -39.6471 0.5765 13.3828 Upward Southward  Most changed  Most changed
Lophosoria quadripinnatdJ.F. Gmel.)

C. Chr. 445 466 45427 -41.6102 -41.7604  0.3876 14.1994 Pl Southward - lLeastchanged  Least changed
Luma apiculatg DC.) Burret 509 556 6.8329 -40.5866 -40.7825 0.4426 14.3578 Upward Southward  Most changed Least changed
Lycopodium alboffiRolleri 357 256 10.0345 -49.9174 -51.0566 1.0673 16.1910 Downward Southward Mostchanged Most changed
Lycopodium conferturwilld. 305 359 7.4048 -46.6527 -47.3990 0.8639 14.8994 Upward Southward  Most changed  Most changed
Lycopodium gayanum. Remy 279 249 5.4206 -41.4343 -41.3918 0.2063 11.1496 Downward Stable Least changed Least changed
Lycopodium magellanicuii®. Beauv.)

sw. 437 411 50883 -46.2986 -46.8338  0.7316 19,1992 Downward  Southward - Leastchanged — Most changed
Lycopodium paniculaturbesv. 439 436 1.7231 -41.0160 -40.8907 0.3540 7.8080  Stable Northward  Least changed Least changed
Maytenus distichgHook. f.) Urb. 909 925 4.0135 -41.9694 -43.4153 1.2025 20.0742  Stable Southward  Least changed Most changed
Megalastrum spectabil@Kaulf.) A.R.

Sm. & R.C. Moran 253 339 9.2318 -40.7406 -40.5841  0.3956 18,5493 UPWard  Northward - Mostchanged  Least changed
Myrceugenia planipegHook. & Arn.) 231 324 9.6791 -39.6261 -39.9059 0.5290 12.3328 Upward Southward ~ Most changed  Most changed
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O. Berg

Myrceugenia exsuco@C.) O. Berg 168 226 7.6622 -40.6741 -40.9495 0.5248 11.0579 Upward Southward  Most changed Least changed
Nothofagus alessandiispinosa 299 321 4.6130 -35.4749 -35.5268 0.2279 0.9500 Stable Stable Least changed Least changed
Nothofagus alpingPoepp. & Endl.)

Oerst. 992 1197  14.3215 -38.2819 -38.4003  0.3569  7.3g30 Pward ~ Southward  Mostchanged  Least changed
Nothofagus antarcticéG. Forst.)

Oerst. 540 556 4.0921 -46.1738 -46.6236  0.6706  21.0075 e Southward - leastchanged Most changed
Nothofagus betuloidgMirb.) Oerst. 383 409 5.0764 -48.5001 -49.1307 0.7941  16.1910 Upward Southward Least changed Most changed
Nothofagus dombeyMirb.) Oerst. 630 698 8.2130 -40.7071 -41.0973 0.6246  14.3994 Upward Southward  Most changed  Most changed

Nothofagus glaucéPhil.) Krasser 903 1145 15.5451 -35.3984 -35.4172 0.1371 4.0582 Upward Stable Most changed  Least changed
Nothofagus nitidgPhil.) Krasser 397 409 3.4697 -45.1366 -45.2209 0.2903 11.2246  Stable Stable Least changed Least changed
Nothofagus obliquéMirb.) Oerst. 700 734 5.7706 -38.3724 -38.6503 0.5271 9.1913 Upward Southward  Least changed  Most changed
Nothofagus pumiligPoepp. & Endl.)

Krasser 653 688  5.9035 -46.6819 -47.3429  0.8130 20.6658 -PWard  Southward - Leastchanged  Most changed
Pellaea myrtillifoliaMett. ex Kuhn 1133 1305 13.0985 -31.0649 -31.2124 0.3841 5.2998 Upward Southward ~ Most changed  Least changed
Pellaea ternifolia(Cav.) Link 2326 2160 12.8530 -26.4252 -27.5522 1.0616 23.7241 Downward Southward Mostchanged Most changed
Persea lingug¢Miers ex Bertero) Nees 442 522 8.9618 -38.7252 -38.8673 0.3770 11.2579 Upward Southward  Most changed Least changed
Philesia magellanicd.F. Gmel. 219 256 6.1178 -45.2830 -45.9275 0.8028 16.3410 Upward Southward  Least changed  Most changed
Pilgerodendron uviferunD. Don)

Florin 203 311 42063 -47.7363 -47.9982  0.5118 158327 ople  Southward - Leastchanged  Leastchanged
Pleopeltis macrocarpéBory ex

willd.) Kaulf. 326 397  8.4245 -37.9160 -36.6051  1.1450 182243 UPward  Northward  Mostchanged — Most changed

Pleurosorus papaverifoliudg<unze)

Mett. 1101 1357  12.8553 -34.3150 -34.4227 _ 0.3281  10.4409 1PWard  Southward  Mostchanged Least changed
Podocarpus salignub. Don 358 377 4.3767 -46.4511 -46.7823 0.5756 16.2660 Stable Southward Least changed Most changed
Podocarpus nubigenusndl. 430 608 13.3203 -38.4588 -38.3609 0.3129 5.1665 Upward Stable Most changed  Least changed
Polypodium feuilleBertero 212 283 8.4294 -39.9417 -39.9181 0.1536 16.6827 Upward Stable Most changed  Least changed
Polystichum andinurRhil. 1493 1829 18.3354 -40.2317 -38.8366 1.1811 23.3407 Upward Northward  Most changed  Most changed

Polystichum chilensgH. Christ) Diels 543 507 6.0265 -40.1659 -40.8081 0.8014 19.9742 Downward Southward Leastchanged Most changed
Polystichum multifiduniMett.) H.

Christ 423 465 64717 -46.4210 -450836 11564 17.2826 Pward  Norhward lLeastchanged  Most changed

Polystichum plicatuniPoepp. ex

Kunze) Hicken 1146 1173 5.1750 -39.5027 -40.3878  0.8917 256573 CPward ~ Southward Leastchanged — Most changed
Polystichum subintegerrimugilook.

& Arn.) R. Rodr. 337 380 6.6007 -30.8624 -40.3364 _ 0.6885 80997 - Pward  Southward leastchanged  Most changed
Pteris chilensiDesv. 122 133 3.3399 -36.0184 -37.1069 1.0433 8.7997  Stable Southward  Least changed Most changed
Pteris semiadnat®&hil. 295 336 6.3984 -40.9690 -41.2785 0.5563 9.9579 Upward Southward Least changed  Most changed
Rhaphithamnus spinosduss.)

Moldenke 413 484  8.4216 -40.9897 -41.4620  0.6872 162410 PWard  Southward  Mostchanged  Most changed
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Rumohra adiantiformi§G. Forst.)

Ching 468 500  5.5945 -39.7411 -40.2485 07123 246990 “Pward ~ Southward - lLeastchanged — Most changed
Schizaea fistuloshabill. 177 212 5.9250 -43.4146 -43.9515 0.7328 14.0911 Upward Southward  Least changed Most changed
Serpyllopsis caespitog&audich.) C.

Chr. 246 249 1.6966 -45.7195 -46.6433  0.9611 191159 w@ple  Southward Leastchanged — Most changed
Tepualia stipulariHook. & Arn.)

Griseb. 322 341  4.4318 -46.6825 -46.7135  0.1760 19.0826 20€ Stable  Leastchanged  Least changed
Thelypteris argentingHieron.)

Abbiatti 846 1011  12.8528 -29.9266 -29.6357  0.5394 203575 UPward  Northward — Mostchanged — Most changed
Trichomanes exsectuiunze 56 92 5.9510 -41.7119 -41.2378 0.6885 7.6330 Upward Northward Least changed Most changed
Weinmannia trichosperm@av. 429 480 7.1694 -43.6584 -43.8576 0.4464 16.0243 Upward Southward  Most changed  Least changed
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Figure 1.S1.Graphs of OMI analyses performed by species grDigiribution of species

on niche axes using the Outlying Mean Index (OMé&timod, considering each species

group (upper graphs) and the variables correlat@ath axis (lower graphs): a)

Nothofagusb) co-dominant species, c¢) ground ferns and ghhetic ferns. Source: own

elaboration.
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Figure 1.S2.Niche position and niche breadth comparison fec&s in both components

of Outlying Mean Index (OMI) axis 1 at left and Olstis 2 at right, by species group: a)
Nothofagusb) co-dominant species, ¢) ground ferns and ghhgfic ferns. Source: own

elaboration.
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Figure 1.S2. (continued)Niche position and niche breadth comparison focigsen both

components of Outlying Mean Index (OMI) axis 1eft bBnd OMI axis 2 at right, by

species group: &Jothofagusb) co-dominant species, ¢) ground ferns and ghhgpic

ferns. Source: own elaboration.
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ABSTRACT

In order to assess the effects of climate changennperate rainforest plants in southern
South America in terms of habitat size, represenan protected areas, considering also if
the expected impacts are similar for dominant tesesunderstory plant species, we used
niche modeling constrained by species migratiod 8 plant species, considering two
groups of dominant trees and two groups of under$ésns. Representation in protected
areas included Chilean national protected areastprprotected areas, and priority areas
planned for future reserves, with two thresholdsiicnimum representation at the country
level: 10% and 17%. With a 10% representation tiolkek national protected areas
currently represent only 50% of the assessed spdeig/ate reserves are important since
they increase up to 66% the species representatreh Besides, 97% of the evaluated
species may achieve the minimum representatioettargy if the proposed priority areas
were included. With the climate change scenarioesgntation levels slightly increase to
53%, 69% and 99%, respectively to the categoriesipusly mentioned. Thus, the current
location of all the representation categories efuls§or overcoming climate change by
2050. Climate change impacts on habitat size gmeéésentation of dominant trees in
protected areas are not applicable to understamntgl highlighting the importance of
assessing these effects with a larger number afeseAlthough climate change will
modify the habitat size of plant species in Southefican temperate rainforests, it will
have no significant impact in terms of the numbfespecies adequately represented in
Chile, where the implementation of the proposedmess is vital to accomplish the present
and future minimum representation. Our results shsaw the importance of using
migration dispersal constraints to develop morésgafuture habitat maps from climate
change predictions.
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INTRODUCTION

In situ conservation of species, communities or ecosysiemglely recognized as the
basis for effective biodiversity conservation (Rgdezet al, 2004). The systematic
conservation planninggénsuMargules & Pressey, 2000), considers measurable
conservation goals in which the representationadilzersity in reserves is one of the most
important issues (Margules & Sarkar, 2007). Hezprasentation is understood as the
proportion of occurrence of a conservation targétivw a set of protected areas (Cabeza &
Moilanen, 2013), considering species populatioomraunities or ecosystems within a

geographical context (Kukkala & Moilanen, 2013).

The Convention on Biological Diversity and othesrldwide initiatives
recommended a minimum representation level of estesys and habitats between 10%
and 12% (Teaet al, 2005; Burguesst al, 2005). After the Nagoya Summit in 2010, the
aim for representation in protected areas (PA) wazased to 17% for terrestrial
ecosystemsy{NEP/CBD, 2010; Moilaneret al, 2013). Since the implementation of these
policies is a national scale issue, biases and addacts have been found for ecosystems
or species distributed in several countries, legtinnefficiencies when establishing
protected areas at a continental scale (Moilateal, 2013). Furthermore, the long-term
persistence of current representation levels afisper ecosystems may be threatened by
human-derived global changes, of which climate gkan considered one of the most
important (Salat al, 2000). As changes become more evident, undelistheir
potential impact on natural ecosystems will turfbéaincreasingly important (Wieres al,
2009), particularly how the representation levekey biodiversity habitats will be affected

by projected climate conditions under differentsenvation schemes.

The temperate rainforests of southern South Ameriedocated in central and
southern Chile with a lesser extent in neighbodrens in southwest Argentina (Donoso,
1993), see Fig. 2.1. They are considered one ahttst threatened biodiversity hotspots
(Myerset al, 2000), including different forest communitieghvhigh levels of endemism,
most of which are dominated by the geMathofagudrees (Moreira-Mufioz, 2011;
Donoso, 1993). Representation assessments habeetarried out for this ecosystem at

the plant species level, while proper thresholdgfem should consider the national
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conservation goal of 10% (CONAMA, 2005) or the Ngg&ummit suggestion of 17%
(UNEP/CBD, 2010).

Since southern South American temperate rainfoegstsnainly located in Chile,
the Nothofagusdominated temperate rainforest plants constitgea case study for
assessing the representation of the PA networlspéeaies level, minimizing the biases
found by Moilaneret al ( 2013) in their representation assessmentgferies and
ecosystems located in several countries. Thestrasts have several dominant tree
species coexisting with a rich understory includgngund and epiphytic plants, allowing
comparisons among different plant groups in terfrdimate change effects on their

habitats and representation in PA as well.

The official Chilean national system of protecteeas (NPA or SNASPE) includes
national parks and reserves covering more than df@¥e country (Pauchard & Villarroel,
2002). However, the NPA shows a strong geograpbieal towards the south of the
country and high altitudes in the Andes (Armestt@al, 1998), see Fig. 2.1, and it has been
considered insufficient to achieve minimum objeesifor conservation at ecosystem or
community scales (Pliscoff & Fuentes-Castillo, 20aad at the species level for
vertebrates (Tognelét al, 2008). Besides NPA, there are privately ownasémees (PPA),
for which a legal regulation is still being deveto(Squect al, 2012). Moreover, the
Chilean national biodiversity strategy (CONAMA, Z)(proposed in 2005 a set of
prioritized sites for biodiversity conservationarder to strengthen their protection. A new
legislation for protected areas and biodiversisyés is currently under debate and from the
former set, only a subset is now considered asifyisites for biodiversity conservation at
the national level (SBN). The rest of the formgahoritized sites are now regarded as
biodiversity conservation sites at the Chileanaagl administration level (SBR)
(CONAMA, 2005; MMA, 2014), see their location ing-i2.1). However, none of the two
categories of priority sites have yet been implei®@nand there are no comprehensive
assessments on how they could help to accompliseceation goals both currently and in
the future. Further, it is known that conclusiobsiat representation levels of protected
areas change with the target species or ecosy¢largeelliet al, 2008; Andrewet al,

2014). Thus, proper evaluations of present anddutepresentation levels should consider

assessments with multiple conservation targetssfpecies).
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Niche modeling is the most commonly used methodpecies distribution
projections (Guisaet al, 2000; Wienst al, 2009;Zimmermanret al, 2009).As a set of
probabilistic analyses that uses statistical methiotted to geographic information
systems, niche modeling depicts the relationshipsrg species spatial distributions and a
series of biotic and abiotic variables relatedhmse spatial distributions (Guisan &
Zimmermann, 2000; Andersaat al, 2003; Guisarmt al, 2006). Niche modeling generates
species distribution maps, allowing species distidns to be compared at different times
if habitat conditions were to change. This hastted fruitful discussion about the expected
spatial shifts in species distribution due to clienehange. Several studies in plants have
found that species habitats will move towards hidghgtudes or altitudes as a result of
climate change (Guisat al, 2000; Jumpet al, 2009). Interestingly, this has started to be
corroborated in the field (Walther, 2003; Leneiral, 2008).

However, most of potential future distribution magpeduced through niche
modeling methods have included uncertainties regaurthe capability of species
populations to effectively migrate to new terrigmiand become part of the species habitat
in this new timeframe (Thuillegt al, 2005; Araujcet al, 2007; Hannalet al, 2007;
Engleret al, 2012, Aradjcet al, 2011; D'Ameret al, 2011; Carvalhet al, 2011,
Kuhlmannet al, 2012; Batemast al, 2013) Depending on the species, full-migration
scenarios might be unrealistic because of biolddjirats for propagule dispersal across
landscapes with spatial barriers, and the effe@uwalability of new territories due to
increasing human land use chandesgleret al, 2009; Summerst al, 2012) Different
tools have been developed to take these migratinstints on species into account, and
hence produce more realistic future distributiamseixpected climate change scenarios
(Engleret al, 2012; Batemaet al, 2013.

Here we took advantage of modern tools for spedigsbution models and
assessed the representation potential of Chilezteqied areas (NPA and PPA) and
proposed sites (SBN and SBR), for plant specie®uthern South American temperate
rainforests comparing two groups of dominant tig@®s two groups of understory plants,
using niche modeling tools and considering clincdtgnge impact under a future migration

constrained scenario.
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MATERIALS AND METHODS
Species selection and data sources

We selected 118 South American temperate rainfpiast species in four groups: a)
Nothofagudree species that dominate most of the South Avaeitiemperate rainforest
(n=9); b) co-dominant tree and woody species (nf2M vegetation communities along
with Nothofagusaccording to Gajardo (1994); c) ground ferns stered as understory
species which share their distribution wNbthofagugn=55) and d) epiphytic fern species
which grow inNothofagudorests (n=27). The nomenclatural lists are baseduloagaet

al. (2008) for trees and shrubs, and Rodriguez (1f83grns. Species localities for trees
were taken from the Chilean national forest inven{€ ONAF/CONAMA/BIRF, 1999),
and the Universidad de Concepcién Herbarium (COM@)most complete collection of
Chilean plants. The list of species and the nurobgalid occurrences for each species is

shown in 2.S1 Table included in Supporting Inforimat

Selection of climate variables and data sources

Eight variables with the lowest correlations amtmgn were selected from the WorldClim
global climate database (Hijmaesal, 2005) corresponding to the present climate
conditions with a 30 arc-second resolution. Fouthefn were related to energy constraints:
a) mean diurnal temperature range; b) temperaaagosality; ) maximum temperature in
the warmest month and d) minimum temperature ircthgest month. The other four
variables were directly related to water avail&ile) annual precipitation; f) precipitation
seasonality; g) precipitation in the warmest quaatel h) precipitation in the coldest

quarter.

Modeling methods and present climate models

Plant species distributions were modeled usingtéegihniques available through the
BIOMOD R-package (Thuiller, 2003; Thuillet al, 2009; R Core Team, 2012): ANN for
Artificial Neural Networks, CTA for Classificatiohree Analysis, FDA for Flexible
Discriminant Analysis, GAM for Generalized Additivodels, GBM for Generalized
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Boosting Models, GLM for Generalized Linear Mod&BARS for Multivariate Adaptive
Regression Splines, and RF for Random Forest,Isletiaivhich are explained in Thuiller
(2003) and Thuilleet al. (2009). The best models according to AUC perforceavalues,
Kappa and True skill statistics were selected &mhespecies. We chose the model
indicated as the best by a majority of the thréerta. In the few cases where they fully
disagreed, we opted for AUC as the selecting taitisee 2.S2 Table in Supporting
Information). A current distribution map was proddaonsidering BIOMOD cut-off
thresholds to project the best specific niche mofliedas that currently correspond to
human land use within these distribution maps wetermined by overlaying the models
produced with CONAF/CONAMA/BIRF (1999) digital infmation.

Future climate data

We used future climate scenarios available from iRam& Jarvis (2008). Six future
scenarios were initially tested for the year 206GCMA CGCM2 B2A, CSIRO MK2
B2A, HCCPR HADCM3 B2A, CCCMA CGCM31 A1B, CSIRO MK3®81B and UKMO
HADCM3 A1B. The most conservative scenario was ttlemsen according to their least
change orNothofagusspecies distributions, which was CSIRO MK2 B2AeThture
distribution for each species was projected usil@NBOD from the specific best niche

model and the selected future climate data set.

Migration constraints

Once future distribution maps were drawn, migrafmmeach species was modeled using
the MIGCLIM R-package (Englest al, 2012; R Core Team, 2012). MIGCLIM specific
parameters to include dispersal kernels, potept@agule production, short-distance
dispersal capacity (SDD) and probability for lonigtdnce dispersal (LDD) were developed
considering the literature available for each spe€iryon, 1970; Tryon , 1986; Armesto &
Rozzi, 1989; Donoso & Lara, 1998; Cuevas, 2000hlse2000; Armestet al, 2001,
Figueroa, 2003; Hechenleitnetral, 2005; Donoso, 2006; Smith-Ramietzal, 2007;
Rodriguezt al, 2009; De Groogt al, 2012; Gillespieet al, 2012; Nufiez-Avilat al,
2013) related with propagule dispersal syndromeshable initial and optimal maturity
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ages and relative abundance of their populatiaes2sS3 Table in Supporting Information
for this data. As SDD and LDD are inferred valugesgensitivity analysis of these
parameters was carried out to assess how chantfesirivalues affected the predicted
habitat size for each species. For this purposgexs®rmed new runs of every model for
each species using new SDD values accounting fr, 38% and 200% of the initially
inferred value. For LDD, new models were run usifgo, 25%, 50%, 200%, 400% and
1000%. We compared all the MIGCLIM outputs amorgnthand against an unrealistic
scenario with no restrictions to migration, obsegvihat the changes included in SDD and
LDD values did not generate important changes bithsizes, whereas the full migration
scenario clearly exaggerated the habitat sizesZSkTable and 2.S1 Fig. in Supporting
Information for further details). Even though natiorest substitution in central-south
Chile reached an important magnitude during thedes of 1980s and 1990s (Echeverria
et al, 2006; Aguayeet al, 2009; Echeverriat al., 2011), current assessments of land
change made by the Chilean Secretary of ForestSAI@RI, 2014; SINIA, 2012) show
that this process is declining. In absence of apptedictions for future land conversion in
the whole distribution of these ecosystems, wezetll the current land use maps
(CONAF/CONAMA/BIRF, 1999) as a conservative scenaoni set the spatial barriers for
future dispersion with MIGCLIM.

Protected areas

Both present and migration constrained future ithstion outputs of studied species were
overlaid on maps corresponding to the followingegaties of Chilean protected areas: a)
the national system of protected wild areas (NPAhaged by the Chilean government; b)
private protected areas (PPA) managed by privateeosy c) prioritized sites for
biodiversity conservation at national level (SBIS)aaproposal for new protected areas
according to CONAMA (2005), and d) prioritized sit®r biodiversity conservation at
each Chilean regional administration level (SBREoading to CONAMA (2005). Maps

for the four categories were received from MMA (2Dand MINAGRI (2014) and non-
governmental organizations such as Asi Conservie @hd World Wildlife Fund Chile, as

shown in Fig.2.1.
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Climate change effect assessment

Geographic information system (GIS) processes werformed using the raster R-based
package (Hijmans & van Etten, 2012; R Core Tearti220Current and future distribution
areas were compared by means of paired Studetetss &nd fitting linear models, both of
which utilized the stats R-based package (R Coei[012). For assessing the climate
change effect on the representation of every spdbitats in protected areas, we
compared the current and future representatioermg of the percentage of the habitat
distribution for each time scenario. Achieving theimum representation for each species
was established according to two thresholds: 1086rding to the Chilean national
ecosystem representation goal for the year 2013NENDA, 2005) and 17% in line with

the Nagoya summit representation goal for the 26a6 (UNEP/CBD, 2010).

RESULTS
Expected effects of climate change on habitat size

Comparisons between present and the dispersalrammest future scenario for all the
studied species showed tiNdthofagusspecies significantly decreased (p=0.0047) their
mean habitat size from an area of 98,553 + 77,683t& 87,621 + 72,320 kfrin the future
case (Fig. 2.2, and 2.S5 and 2.S6 Tables in Supgdriformation). For the co-dominant
species group, the mean habitat area (60,130 82k®f) showed no significant changes
in their evaluation for the future scenario (60,89%7,459 krf)). In contrast, ground ferns
habitat size (34,619 + 28,760 Rnwould increase in the future (45,423 + 35,707km
p<0.0001), whereas the epiphytic ferns showedemtiesent scenario a mean habitat size
(39,034 + 28,910 kA) smaller (p<0.0001) than in the future (53,20674833 knf). Thus,
the future climate change scenario predicted hiagiga modifications for the studied
plants, with expected increases for 73.7% of tleeigs and shrinkage for 26.3% of them
(Table 2.1). When both unconstrained and dispemadtrained future scenarios were
compared, they differed in all the species groys$ (0305 inNothofagusand p<0.001 in
the rest of the groups, see Fig. 2.2 and 2.S6 Tat8epporting Information). Full
migration scenario was significantly higher in Habsize (18.7% on average) than
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migration constrained models, which led us to udg the latter ones, since they consider
biological bases for propagule dispersal capacitylde cycle delays, and they were very

robust as indicated by the sensitivity analyseg (584 Table in Supporting Information).

To assess if changes in habitat size were equitvateang species irrespective of
their current habitat size, we performed lineareqgeahmodels (LGM) between present and
future habitat size for all the species groups.(Eig). FoNothofagusthe regression
model slope was different (p=0.003) and lower thg0.928); furthermore, its intercept
value was negative, indicating decreases in hasitatwhere major reductions were
observed in species with larger habitats. Co-dontiepecies proved to maintain their
habitat size, or experience only insignificant rettins, since the slope (0.994) did not
differ significantly from 1 (p=0.260). Both specigoups, ground ferns and epiphytic
ferns, showed linear regression slopes signifiggipt0.001) higher than 1 (1.212 and
1.267, respectively), accompanied by a positiverg@pt, indicating greater changes for

those species with larger current habitats.

Expected changes in species representation in proted areas

For NPA areas, most of the species showed an seliaaepresentation (70.3%) with
climate change; only 29.7% of the studied spediesved a decrease in their representation
in NPA (Table 2.1). Considering species groups.(Eid), even though aNothofagus
species decreased their habitat size, their hakpaesentation in NPA increased. This is
also seen in the fitted linear model shown in Big, where we found a positive intercept
and a slope significantly (p=0.0128) greater thahikewise, even though 51.9% of the co-
dominant species decreased their habitat sizef #lem increased their representation in
NPA, as shown by the fitted linear model with aipes intercept and a slope larger than 1
(p<0.001). On the contrary, the habitat size oftngogund ferns (90.9%) and epiphytic
ferns (88.9%) showed increases in the future seertdowever, future representation in
NPA increased by only 63.6% for ground ferns (fitimear model showing a positive
intercept and a slope higher than 1, p=0.035),ugeasdecreased future representation of
55.6% for epiphytic fern species, where the sldp@efitted linear model did not differ
from 1 (p=0.270).
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Changes in the representation of all the speci@simssessed conservation
schemes can be observed in Fig. 2.5. When a 102hbid was used as a minimum
representation in NPA, only 50% of the total speeippeared as adequately protected by
the NPA official system. In particular, 67% Nbthofagusspecies (Fig. 2.5a), 44% of co-
dominant species (Fig. 2.5b), 38% of ground feFig.(2.5c) and 74% of epiphytic ferns
(Fig. 2.5d) are represented in NPA. The NPA reprieg®n increased in the climate
change scenario for co-dominant species from 4448% of adequately protected species
and for ground ferns from 38% to 42%, indicatingrasrease from 50% to 53%, looking at

all the evaluated species (Fig. 2.6).

Considering the 17% threshold, Chilean nationalgmted areas provided protection
for only 30% of the total number of studied specie®¥b6 ofNothofagusspecies, 30% of
co-dominant species, 20% of ground ferns and 44éphytic ferns. For the future
scenario, 31% of all the studied species may béregiesented in the NPA, with the same
species number faMothofagusbut a lower species number for epiphytic ferng43 and
an increasing representation for co-dominant plantsground ferns up to 37% and 22%,

respectively.

The inclusion of private parks (PPA) significandlffected the minimum
representation for some species, sucNa@hofagus alpinandNothofagus dombeyn the
future scenario when considering a 17% threshald,c@-dominanAextoxicon punctatum
andEucryphia cordifoliawith a 10% threshold. At least 11 species of gebiamns proved
to be well represented as a result of the inclusidPPA:Gleichenia litoralisfor both
thresholdsBlechnum asperumndMegalastrum spectabil®r the 10% threshold, and
Blechnum penna-marin&teris semiadnatandLycopodium paniculaturfor the 17%
threshold. The addition of PPA also helped fourerepiphytic fern species to be well
represented, such Asplenium trilobunandHymenophyllum plicatumwith the 10%
threshold in both present and future scenariosfanihe 17% threshold , 6 and 10 species
respectively for each time scenario, including sgetike Hymenophyllum umbratiland
Hymenophyllum dentaturithe inclusion of PPA generated complementaryegtain to
the NPA, aiding 19 more species to be well reprieskim the present scenario (for both the
10% and 17% thresholds) and 20 more species ifuthee scenario considering the 10%
threshold, and 23 for the 17% threshold.
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Prioritized sites for biodiversity conservationCGitilean national level (SBN) were
crucial for achieving a satisfactory representatiomost species. If the 10% threshold is
considered and SBN were implemented at the presgdtof the 118 evaluated species
(93%) achieved enough representation while 95% @fasessed species would attain the
minimum representation in the future scenario. Winging 17% threshold, SBN could add
up to 75% of the species as suitably representddrithe present scenario and the SBN

location may help to adequately represent up to 8#fhbe studied species.

The effect of including SBR after SBN is relevartem considering the 17%
threshold, since the former could increase theispemder proper representation from
75% up to 96% in the present scenario, and from 88% 95% for the future scenario,
helping to achieve enough representation for cotdants and ground ferns. However,
when using the 17% threshold, 5 species would bectly underrepresented, and only 6
of the studied species would lack minimum represent in the future scenario. The
species that would not be well represented unaet 6 scenario, considering NPA and
PPA, even if the SBN and SBR were implementedunheithe endangered tridethofagus
alessandrij co-dominanBlepharocalyx cruckshanksground fern$teris chilensis

Cheilanthes mollisndPellaea ternifoliaand epiphytic feritdymenophyllum tumbridgense

DISCUSSION

The current level of representation within the €&l NPA at the plant species level can be
considered low compared to other studies: only B0#%e species are minimally
represented, compared to 100% in Western Europ8&2#tdn the South African Cape
Region (Hannalet al, 2007). This may be due to the fact that NPAnsngly southward
biased and it is not coincident with the greatesmdity of vascular plants located in the
center-south of Chile (Armesti al.,, 1998). Interestingly, our results showed thaANP

will maintain or even increase the representatwell of temperate rainforest plants in the
climate change scenario by mid-century, reachintplf2.5% of species in Chile. This
contrasts with a projected decreasing representafi®4% for Western Europe plant
species and 78% for species in the Cape Regiothéasame 10% protection threshold

(Hannahet al,, 2007) and with some vertebrate species in Euwdpeh are also expected
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to lose representation under climate change san@diAmenet al, 2011; Carvalhet al,
2011).

The future scenario for climate change indicateghges in the habitat size of the
Nothofagusdominated temperate rainforest of southern Souterica. Nevertheless, these
changes are not predicted to be similar for eaghtgroup, nor are the changes in habitat
size necessarily in line with modifications in tiepresentation level of their habitats in
official areas such as NPA. For example, whiledistributional habitat sizes for
Nothofagusspecies are expected to decrease in the futwie répresentation level is
projected to increase, suggesting that NPA resemeekocated in useful areas for this
species group in the long-term. In addition, NPAynmeclude areas prone to be colonized
by these species in a short-term future, accoririge migration models. The same
observation can be made with co-dominants; theiepéar which habitat sizes are
projected to decrease (51.9% of species numbepxgected to increase their
representation levels in NPA. Furthermore, allnaf $pecies for which distribution size is
anticipated to expand (48.1%) are expected to aser¢heir representation proportion as
well. Examples of this may be seen in species agth alpinaandN. dombeyiwhose
northern distribution and habitats at lower altésaf the Andes mountain range are
expected to be lost due to climate change. At éineestime, their future habitats are
expected to include present habitats that willigsens addition to new expanding zones,
both coincident with the current location of NPAeeves at higher altitudes. The same
situation may occur with co-dominant trees endeimicentral-southern Chile that require
high water availability, likd_aurelia sempervirenandPersea lingueThese species are
expected to decrease their northern lowland digiobs where rainfall during the growing
season is projected to decrease and this is ceimicwdith areas where NPA reserves are
scarce or non-existent. In addition, these spesiegxpected to maintain their southern
distributions or expand into areas close to thairtlsern distributions, where more NPA

reserves are located.

Understory ferns are expected to differ from the groups mentioned above:
90.9% of ground fern species are projected to explaeir habitat size, but only 63.6% will
most likely increase their representation levellPA. Nonetheless, the most striking

difference is seen in epiphytic ferns; 88.9% okthepecies are expected to gain
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distribution area, but only 44.4% are anticipateéxpand their representation proportion.
This is most likely related to the fact that NPAtarare geographically biased towards
higher elevations, while a significant proportidrepiphytic fern species are prone to
expand to lower altitude forests not included inANPhe latter implies that the location of
NPA reserves will continue to be useful in the fatiexcept for one third (29.7%) of the
total studied species for which new colonizableasamill not coincide with NPA or some
habitats currently protected by NPA may not be atinally suitable in the future. Among
these species we can mention a set of ground fiestrébuted in the Mediterranean climate
of central Chile, such a@heilanthes hypoleu¢®ennstaedtia glaugateris chilensisand
Thelypteris argentinawhose future representation is expected to deereacause the few
NPA units existing in central Chile may not be usébr the conservation of these ferns
after climate change. Some other ground fern speith larger habitat distributions like
Blechnum magellanicurindLycopodium magellanicumre expected to have a distribution
expansion outside NPA units, resulting in a de@easheir future representation. Other
cases likeeElaphoglossum porteor Elaphoglossum gayanuhave very small present
distribution areas, and the decrease in their sgmtation level can be attributed to the fact
that their current distributions are mostly wittNIPA reserves, and in the future they would
expand their populations to other places outsid&.NIfhe ecological niches of both groups
ground and epiphytic ferns resulted more heterogeneompared to those of the dominant
trees, with a differential response in habitat sizenges also, and hence in their

representation levels in the NPA system.

The current location of NPA parks and reservesrassenough future protection to
maintain the same number of speciedlothofagudrees and epiphytic ferns. Thus, the
current location of NPA reserves is important forrent representation and it will continue
to be important when temperate rainforest speeies the expected climate change effects
in the future. This suggests that any alterationSRA units, such as clipping or area
reduction for productive exploitations or changeshieir main objectives to aims other than
preserving habitat representation, are therefoomgly discouraged from the standpoint of
biological resource policies for overcoming climatenge. Despite the high proportion of
Chilean land dedicated to NPA, representation gaxastill not being met when

biodiversity levels are considered, such as plpeties levels, and future climate change
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for the region. Moreover, the current role of NPAang-term biodiversity conservation is
not fully assured yet since management plans hawvbeen completed for all their units. In
recent years, there has been a debate over redgtive main objectives of the NPA system
and the government has included tourism among theading to building facilities in
formerly fully preserved lands. Restricting grazfogthe livestock of nearby communities,
alien species control and setting maximum visitoitk inside reserves are among the

challenges to be accomplished in order to asserdlBA long-term conservation role.

PPA reserves have not yet been fully formalizedentalv. However, our results
showed that they would have a very positive complaiary effect to official NPA, since
PPA would add conserved habitats for 97.5% of tteduated species, increasing additional
conservation for 73.7% of the studied speciesaftiure scenario. When minimum
representation thresholds were considered, PPAveswere shown to help 16.1% of the
studied species to attain a well-conserved st&tudoth thresholds in the present scenario.
Moreover, they could aid 16.9% of these speciexbtain a well-represented future
condition under the 10% threshold; this is 19.5%hefspecies if the 17% threshold were
used for the future scenario. The positive effetiscluding PPA are more important for
understory fern species than dominant tree spbeieause the distribution of PPA areas is
complementary to NPA in low elevations, where saméerstory ferns may tend to expand
their distribution in the future. Since NPA resexae located unevenly across the Chilean
territory, proportionally more distributed towarsisuthern and higher areas, PPA may
spatially fit as a significant complement for NPreas, in the same direction of those found

by other evaluations of private reserves (Jacks@g&ton, 2008; Gallet al, 2009).

As proposed for new protected areas under the &hiational biodiversity
strategy (CONAMA, 2005), the implementation of BN sites virtually completes the
supplementary needs for minimum representatiomiust of the studied species after
considering NPA and PPA, both in the present atdduscenarios with a 10% threshold.
The effect of including the SBR sites resulted imgat to accomplish satisfactory levels of
species representation when applying the mosicestrthreshold. This contrasts to the
fact that Chilean environmental policy has receatigsidered most of these SBR areas in a
low priority for being implemented as reserves,aduse they mostly comprised private

properties. If the Nagoya summit threshold werdiadpthe set of species mentioned at the
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end of Results would still not achieve a minimumresentation with NPA, PPA, SBN and
SBR combined; most of them have habitats includesl Mediterranean-climate zone with
scarce representation under conservation schessiated with high replacement due to
human land-use. If SBN and SBR were carried outpitld be wise to include the habitat
area of those species in the proposed reserveslaespecially for the endangered tree
Nothofagus alessandriiteeBlepharocalyx cruckshanksand the ground ferRteris

chilensis

Even though climate change is expected to affech#bitats of the evaluated plant
species from these important South American tentpeainforests, the current location of
the conservation units determines that there wilhb significant change in terms of the
number of species with a minimum representatioriferevaluated future scenario.
Analyzing climate change effects on habitat siz# @presentation in parks, considering
only the dominant trees as a basis may not becaiyé to other species groups as it was
the case for understory plants in this study. Neuated groups are an example set of
plants growing in a temperate rainforest, and tlisiributions are expected to react
differently with climate change. Since their habrgpresentation may be achieved in a
specific manner for every group, it is importanteéalize that this kind of assessment

should consider a diverse and wide spectrum ofispggoups.

CONCLUSIONS

When applying the future scenario, most of the aami tree species are expected to
decrease in habitat size while their representdtioels increase, but most of the
understory plant species increased their habitat sis well as their representation level in
NPA. Contrary to former worldwide analyses, oudstindicated that official Chilean

NPA reserves are spatially arranged in a way wbarhesponds to areas prone to be
maintained or expanded as useful habitats for wiaie studied species after climate
change. Our results highlight the need for stremgtig NPA in order to contribute to
overcome the climate change in South American teatpeainforest plants. Therefore, it is
extremely important not to affect or reduce NPAtsidiue to policy changes or productive

purposes.
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Private contributions to conservation through PBgerves help official NPA to
achieve minimum representation of most of the sighlant species. This will remain to be
true or even increase in importance after climatnge for many of the studied species.
Implementing the prioritized SBN as formal resengealso strongly recommended since
they virtually complete the minimum representati@eds for most of the studied plants in
the present as well as the future climate-changeas® if the 10% threshold is observed.
Considering an aggregated implementation of prap&&R would be essential if 17%
threshold was taken into account. The evaluatedisp&ere chosen because they
represent some substantial structural elementsathSAmerican temperate rainforests;
dominant elements such sthofagudree species and co-dominant woody species are
expected to react in their own specific way, défgrfrom understory components such as
ground ferns and epiphytic ferns. Consequentlyaie change assessments must be
carried out on a species level and it is importaitto assume that expected effects to
dominant tree species are necessarily applicahladerstory species. Finally, the use of
migration dispersal constraints should always lciiged when more realistic future
habitat maps are developed.
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TABLES

Table 2.1.Frequencies of expected effects after climate-chaegnario (%) for each

species group. Features in parenthesis indicatdeuai species. Source: own elaboration.

Effect in: Co- Ground Epiphytic Total
Nothofagus _ .
Habitat size Representation dominant ferns ferns species
Decrease Increase 100% (9) 51.9% (147.3% (4) 11.1% (3) | 25.4% (30)
Increase Increase - 48.1% (136.4% (31)] 33.3% (9) | 44.9% (53
Increase Decrease - - 34.5% (19p5.6% (15) | 28.8% (34
Decrease Decrease - - 1.8% (1) - 0.8% (1)
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FIGURES

Figure 2.1.Location ofNothofagusdominated temperate rainforests in South Amench a
the geographical distribution of protected areaShile: national system of protected areas
(NPA), private protected areas (PPA), prioritizeédssfor biodiversity conservation at
national level (SBN) and proposed sites for biodsitg conservation at each Chilean

regional administration level (SBR). Source: owabelration.

Figure 2.2.Habitat size for each species group and modelenbsio. Top letters indicate
significant differences within each species groogoading to paired t-tests in 2.S6 Table

found in Supporting Information. Source: own elattimm.

Figure 2.3.Expected changes in habitat area for all the spagioups. Gray diagonal lines
represent no change in habitat size; circles béh@wines represent species with expected
habitat size shrinkages, while circles above theslirepresent species with expected habitat
size increases. Red lines represent fitted linestats for each species group with their

correlation, intercept and slope data. Source: elahoration.

Figure 2.4.Expected changes for all the species group repiasen. Gray diagonal lines
show no change in representation in NPA, circlefeutthe lines represent expected
shrinkages in NPA representation, while circlesvahibe lines depict expected increases in
representation in NPA. Red lines represent fitteeldr models for each species group with

their correlation, intercept and slope data. Sauwes elaboration.

Figure 2.5.Present and future accumulated representationMdinofagudree species, b)
co-dominant plant species, ¢) ground ferns anggbhgtic ferns, in the Chilean national
protected area system (NPA), private protectedsaifeRA), prioritized sites for
biodiversity conservation at national level (SBMpgroposed sites for biodiversity
conservation at each Chilean regional administndgeel (SBR). Species lists in each
group are hierarchically ordered by the represemtatf their present habitats in NPA
official system. Continuous vertical lines indicat& 0% representation threshold and

dotted lines indicate a 17% representation threst®&burce: own elaboration.

Figure 2.6. Accumulated proportion of species number with muin representation in
protected areas, considering: a) a 10% threshgbdamsed by CONAMA (2005), and b) a
17% threshold as proposed by UNEP/CBD (2010) aaegrid Chilean national protected
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areas system (NPA), private protected areas (RRyitized sites for biodiversity
conservation at national level (SBN) and proposts $or biodiversity conservation at
each Chilean regional administration level (SBR)atkres within strips indicate the
aggregated number of species that achieve the mmigonservation target by each

protection system. Source: own elaboration.
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found in Supporting Information. Source: own elattimn.

94



o
o
o .
S Nothofagus Co-dominant
N
& o
e o
< 8 L
© wn
8 <
@© o
-— o
© o | L
= o
o o
m -
e
2 g
£ 8 R%= 0.996 B R%=0.986
T 0 Intercept= -3831 Intercept= 337.9
Slope= 0.928 Slope= 0.994
o - [
§ \ [ [ [ [ [ [ [ \
g Ground ferns Epiphytic ferns
& o
e o
< 8 L
] 0
8 <
[ o
— o
© o | s
= o
o o
m ~
e
2 g
- R%=0.976 B R%=0.968
o 0 Intercept= 3473 Intercept= 3768
Slope= 1.212 Slope= 1.267
o — —
Bl \ \ \ \ \ \ \
0 50000 100000 150000 20000 O 50000 100000 150000 200000

Present habitat area (km2)

Present habitat area (kmz)

Figure 2.3.Expected changes in habitat area for all the spagioups. Gray diagonal lines

represent no change in habitat size; circles béh@wines represent species with expected

habitat size shrinkages, while circles above theslirepresent species with expected habitat

size increases. Red lines represent fitted linestats for each species group with their

correlation, intercept and slope data. Source: elahoration.

95



Nothofagus Co-dominant
S a
c
o
g
C
g g | " [
g
Q.
(]
()
5 & R%= 0.997 M R%= 0.993
2 Intercept= 1.350 Intercept= 1.827
Slope= 1.022 Slope= 1.011
o | L
\ [ [ [ \ [ [ [
Ground ferns Epiphytic ferns
L o | L]
~ ©
c
o
g
z 8- -
o
o
]
(0]
5 & - R?= 0.960 N R R?= 0.966
2 Intercept= 0.573 Intercept= 1.647
Slope= 1.018 y Slope= 0.909
o — L
\ \ \ \ \ \ \
0 20 40 60 0 20 40 60
Present representation (%) Present representation (%)

Figure 2.4.Expected changes for all the species group repiasaen. Gray diagonal lines
show no change in representation in NPA, circledeuthe lines represent expected
shrinkages in NPA representation, while circlesvahibe lines depict expected increases in
representation in NPA. Red lines represent fitteeldr models for each species group with

their correlation, intercept and slope data. Sauwes elaboration.

96



a)

Nothofagus alessandrii
Nothofagus glauca
Nothofagus obliqua
Nothofagus alpina
Nothofagus dombeyi
Nothofagus pumilio
Nothofagus antarctica
Nothofagus nitida
Nothofagus betuloides

c)

Pellaea myrtillifolia
Trichomanes exsectum
Adiantum gertrudis

Pteris chilensis

Adiantum excisum
Adiantum sulphureum
Equisetum giganteum
Cheilanthes hypoleuca
Thelypteris argentina
Cheilanthes mollis
Pleurosorus papaverifolius
Adiantum scabrum
Dennstaedtia glauca
Blechnum hastatum
Asplenium obtusatum
Adiantum chilense
Gleichenia squamulosa
Blechnum blechnoides
Polystichum subintegerrimum
Rumohra adiantiformis
Equisetum bogotense
Polystichum chilense
Cheilanthes glauca
Cryptogramma fumariifolia
Blechnum chilense
Blechnum asperum
Pellaea ternifolia
Gleichenia litoralis
Cystopteris fragilis
Blechnum mochaenum
Asplenium monanthes
Gleichenia cryptocarpa
Megalastrum spectabile
Blechnum corralense
Elaphoglossum gayanum
Blechnum microphyllum
Polystichum plicatum
Blechnum penna marina
Pteris semiadnata
Lycopodium paniculatum
Hypolepis poeppigii
Lycopodium gayanum
Lophosoria quadripinnata
Blechnum arcuatum
Lycopodium alboffii
Schizaea fistulosa
Blechnum magellanicum
Lycopodium magellanicum
Gleichenia quadripartita
Polystichum andinum
Lycopodium confertum
Polystichum multifidum
Botrychium dusenii
Elaphoglossum mathewsii
Elaphoglossum porteri

Present Representation (%)

20 40 60

Future Representation under
dispersal constraints (%)

20 40 60

Future Representation under
dispersal constraints (%)

20 40 60

80

80

b)

Blepharocalyx cruckshanksii
Myrceugenia exsucca
Cryptocarya alba

Azara petiolaris

Gomortega keule

Persea lingue

Myrceugenia planipes
Laurelia sempervirens
Podocarpus salignus

Lomatia hirsuta
Austrocedrus chilensis
Rhaphithamnus spinosus
Luma apiculata
Maytenus disticha
Laureliopsis philippiana
Araucaria araucana
Drimys winteri

Fitzroya cupressoides
Philesia magellanica

Drirys andina
Weinmannia trichosperma
Podocarpus nubigenus
Tepualia stipularis
Pilgerodendron uviferum

d)

Hymenophyllum tunbridgense
Polypodium feuillei

Pleopeltis macrocarpa
Asplenium trilobum
Hymenophyllum fuciforme
Hymenophyllum plicatum
Hymenophyllum caudiculatum
Hymenophyllum darwinii
Hymenophyllum umbratile
Hymenophyllum dentatum
Hymenophyllum dicranotrichum
Hymenoglossum cruentum
Hymenophyllum peltatum
Asplenium dareoides
Hymenophyllum krauseanum
Grammitis patagonica
Serpyllopsis caespitosa
Hymenophyllum cuneatum
Hymenophyllum pectinatum
Hymenophyllum falklandicum
Hymenophyllum secundum
Grammitis magellanica
Grammitis poeppigiana
Hymenophyllum ferrugineum
Hymenophyllum seselifolium
Hymenophyllum nahuelhuapiense
Hymenophyllum tortuosum

INPA EIPPA

Present Representation (%)

Present Representation (%)

Future Representation under
dispersal constraints (%)

60

Future Representation under
dispersal constraints (%)

80

80

SBN [ISBR  Other

Figure 2.5.Present and future accumulated representationMdthofagudree species, b)
co-dominant plant species, ¢) ground ferns anggbhgtic ferns, in the Chilean national
protected area system (NPA), private protectedsaifeRA), prioritized sites for
biodiversity conservation at national level (SBMparoposed sites for biodiversity
conservation at each Chilean regional administnadeweel (SBR). Species lists in each
group are hierarchically ordered by the represemtatf their present habitats in NPA
official system. Continuous vertical lines indicat& 0% representation threshold and

dotted lines indicate a 17% representation threst&bdurce: own elaboration.
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Figure 2.6. Accumulated proportion of species number with munin representation in
protected areas, considering: a) a 10% threshgbdagosed by CONAMA (2005), and b) a
17% threshold as proposed by UNEP/CBD (2010) aaegrid Chilean national protected

areas system (NPA), private protected areas (RRyitized sites for biodiversity

conservation at national level (SBN) and proposts $or biodiversity conservation at

each Chilean regional administration level (SBRatitres within strips indicate the

aggregated number of species that achieve the mmioonservation target by each

protection system. Source: own elaboration.
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SUPPORTING INFORMATION LEGENDS

Table 2.S1.Plant species list included in the assessmenh Epaecies is presented
according to taxonomic family, species group andeemsm to South American temperate
rainforests, and the number of valid occurrencesl us niche modeling.

Table 2.S52.Parameter values (AUC, Kappa and TSS) to deterthmmbest model for each
species. The following modeling techniques weréuithed: ANN for Artificial Neural
Networks, CTA for Classification Tree Analysis, FOdt Flexible Discriminant Analysis,
GAM for Generalized Additive Models, GBM for Genkzad Boosting Models, GLM for
Generalized Linear Models, MARS for Multivariate #mutive Regression Splines, and RF

for Random Forest.
Table 2.S3.Assumptions used for each species in order tME8CLIM parameters.

Table 2.54.Sensitivity analysis of MIGCLIM parameters SDD d@sthdistance dispersal)
and LDD (probability for long distance dispersaifaheir effects on the habitat area size
for all the studied species: a) by species grong,lg by each species. A full migration

scenario is also included as a comparison for aabizes without using MIGCLIM.

Table 2.55.Modeled habitat area size (Rnunder assessed scenarios: present and future
(year 2050) with modeled dispersal constraintetmh species and their representation

under different conservation schemes in Chile.

Table 2.56.Habitat size comparisons among scenarios withecisg groups (obtained
with paired t-tests).

Figure 2.S1.Sensitivity analysis of changes in MIGCLIM paraerstSDD (short distance
dispersal) and LDD (probability for long distandeprsal) and their effects on the habitat
area size for all the studied species, followirtg42Table. Vertical red line represents 0%
change in habitat size considering the paramegtiis 2.S3 Table as 100% for both SDD
and LDD. A full migration scenario is also includasla comparison for habitat sizes
without using MIGCLIM.
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Table 2.S1.Plant species list included in the assessmenh Epaecies is presented

according to taxonomic family, species group andeemsm to South American temperate

rainforests, and the number of valid occurrencesl us niche modeling. Source: own

elaboration.

Endemic to

South American Number of

Plant species Family Species group temperate OCCUITENCES
rainforest
Adiantum chilens&aulf. Pteridaceae Ground fern No 297
Adiantum excisurKunze Pteridaceae Ground fern Yes 78
Adiantum gertrudi€spinosa Pteridaceae Ground fern Yes 20
Adiantum scabrurKaulf. Pteridaceae Ground fern Yes 84
Adiantum sulphureuraulf. Pteridaceae Ground fern Yes 129
Aextoxicon punctaturRuiz & Pav. Aextoxicaceae Co-dominant species Yes 3,391
Araucaria araucangMolina) K. Koch Araucariaceae Co-dominant species Yes 6,946
Asplenium dareoideBesv. Aspleniaceae Epiphytic fern Y8s 162
Asplenium monanthés Aspleniaceae Ground fern No 7
Asplenium obtusatui@. Forst. var. .
sphenoide¢Kunze) C. Chr. ex Skottsb. e = g fern YEs 44
Asplenium trilobunCav. Aspleniaceae Epiphytic fern Yes 49
gugitzrgg:ar?rus chilensi®. Don) Pic.Serm. Cupressaceae Co-dominant species Yes 426
Azara petiolarigD. Don) I.M. Johnst. Salicaceae Co-dominant species Yes 73
Blechnum arcuaturd. Remy Blechnaceae Ground fern Yes 42
Blechnum asperuitKlotzsch) J.W. Sturm Blechnaceae Ground fern Yes 15
Blechnum blechnoiddseyserl. Blechnaceae Ground fern Yes 30
Blechnum chilensgKaulf.) Mett. Blechnaceae Ground fern No 133
Blechnum corralensEspinosa Blechnaceae Ground fern Yes 15
Blechnum hastatuidaulf. Blechnaceae Ground fern YES 309
Blechnum magellanicuibesv.) Mett. Blechnaceae Ground fern Yes 111
Eﬂlgﬁgﬂum microphyliur(Goldm.) C.V. Blechnaceae Ground fern Yes 60
Blechnum mochaenu®. Kunkel Blechnaceae Ground fern No 129
Blechnum penna-marin@oir.) Kuhn Blechnaceae Ground fern No 146
E\Irip)hsli’ggalyx cruckshankgiHook. & Myrtaceae Co-dominant species Yes 253
Botrychium duseni{H. Christ) Alston Ophioglossaceae Ground fern Yes 15
Cheilanthes glaucéCav.) Mett. Pteridaceae Ground fern Yes 123
Cheilanthes hypoleug&unze) Mett. Pteridaceae Ground fern Yes 104
Cheilanthes molligKunze) C. Presl Pteridaceae Ground fern No 98
Cryptocarya albgMolina) Looser Lauraceae Co-dominant species Yes 11,386
Cryptogrammg fumariifoligPhil. ex Pteridaceae Ground fern Yes 19
Baker) H. Christ
Cystopteris fragiligL.) Bernh. Dryopteridaceae Ground fern No 137
Dennstaedtia glaucéCav.) C. Chr. ex .
Looser Dennstaedtiaceae Ground fern No 20
Drimys andinaReiche) R. Rodr. & Winteraceae Co-dominant species Yes 38
Quezada
Drimys winteriJ.R. Forst. & G. Forst. Winteraceae Co-dominant species No 8,543
Elaphoglossum gayanu(fRée) T. Moore  Lomariopsidaceae Ground fern No 10
Elaphoglossum mathewsgkée) T. Moore Lomariopsidaceae Ground fern Yes 11
Elaphoglossum portefiicken Lomariopsidaceae Ground fern Yes 5
Equisetum bogotensé@inth Equisetaceae Ground fern No 157
Equisetum giganteuin Equisetaceae Ground fern No 65
Eucryphia cordifoliaCav. Eucryphiaceae Co-dominant species Yes 3,998
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Fitzroya cupressoide@violina) I.M. Johnst.  Cupressaceae Co-dominant species Yes 6,158
Gevuina avellandMolina Proteaceae Co-dominant species Yes 6,135
Gleichenia cryptocarp&look. Gleicheniaceae Ground fern Yes 63
Gleichenia litoralis(F. Phil.) C. Chr. Gleicheniaceae Ground fern Yes 17
Gleichenia quadripartitgdPoir.) T. Moore Gleicheniaceae Ground fern Yes 82
Gleichenia squamulos@esv.) T. Moore Gleicheniaceae Ground fern Yes 107
Gomortega keuléViolina) Baill. Gomortegaceae  Co-dominant species Yes 66
Grammitis magellanic@®esv. Grammitidaceae Epiphytic fern Yés 62
Grammitis patagonicéC. Chr.) Parris Grammitidaceae Epiphytic fern No 7
Grammitis poeppigianéMett.) Pic.Serm. Grammitidaceae Epiphytic fern No 20
Hymenoglossum cruentuf@av.) C. Presl Hymenophyllaceae Epiphytic fern Yes 70
Hymenophyllum caudiculatuMart. Hymenophyllaceae Epiphytic fern Yes 94
Hymenophyllum cuneatulkunze Hymenophyllaceae Epiphytic fern Yés 18
ggrstlinophyllum darwinifook. f. ex Hymenophyllaceae Epiphytic fern Yes 20
Hymenophyllum dentatu@av. Hymenophyllaceae Epiphytic fern Yes 95
:zgqlf_ ne(;pgzll(ljuergldlcranotnchum:. Presl) Hymenophyllaceae Epiphytic fern Yes 42
Hymenophyllum falklandicuBaker Hymenophyllaceae Epiphytic fern Yés 20
Hymenophyllum ferrugineufolla Hymenophyllaceae Epiphytic fern No 41
Hymenophyllum fuciform&w. Hymenophyllaceae Epiphytic fern Yes 34
Hymenophyllum krauseanupil. Hymenophyllaceae Epiphytic fern Yes 62
\Téﬁﬁ;ﬂ?_hy”um nahuelhuapierBem & Hymenophyllaceae Epiphytic fern Yes 5
Hymenophyllum pectinatu@av. Hymenophyllaceae Epiphytic fern Yés 89
Hymenophyllum peltatuiPoir.) Desv. Hymenophyllaceae Epiphytic fern No 56
Hymenophyllum plicaturi{aulf. Hymenophyllaceae Epiphytic fern Yes 62
Hymenophyllum secundurook. & Grev. Hymenophyllaceae Epiphytic fern Yes 71
Hymenophyllum seselifoliu@. Presl| Hymenophyllaceae Epiphytic fern No 61
Hymenophyllum tortuosuiook. & Grev. Hymenophyllaceae Epiphytic fern Yés 81
Hymenophyllum tunbrigengk.) Sm. Hymenophyllaceae Epiphytic fern No 15
Ezmt.enophyllum umbratilBiem & J.S. Hymenophyllaceae Epiphytic fern Yes 13
Hypolepis poeppigifKunze) R. Rodr. Dennstaedtiaceae Ground fern Yes 105
Laurelia sempervirenfRuiz & Pav.) Tul. Monimiaceae Co-dominant species Yes 635
Laureliopsis philippiangLooser) Schodde  Monimiaceae Co-dominant species Yes 6,404
Lomatia hirsuta(Lam.) Diels Proteaceae Co-dominant species No 1,136
I(_:(;];:hosorla quadripinnatd).F. Gmel.) C. Dicksoniaceae Ground fern No 87
Luma apiculatg DC.) Burret Myrtaceae Co-dominant species Yes 6,713
Lycopodium alboffiRolleri Lycopodiaceae Ground fern Yes 18
Lycopodium conferturwilld. Lycopodiaceae Ground fern Yes 22
Lycopodium gayanumh Remy Lycopodiaceae Ground fern Yes 34
Lycopodium magellanicuii®. Beauv.) Sw. Lycopodiaceae Ground fern Yes 104
Lycopodium paniculaturbesv. Lycopodiaceae Ground fern Yes 69
Maytenus distich@Hook. f.) Urb. Celastraceae Co-dominant species Yes 52
(I;/I?qud.a;fgur?nspectablI@(aulf.) AR.Sm. Dryopteridaceae Ground fern Yes 83
I\B/Ié/rrgceugenla planipegHook. & Am.) O. Myrtaceae Co-dominant species Yes 829
Myrceugenia exsucddC.) O. Berg Myrtaceae Co-dominant species Yes 113
Nothofagus alessandiispinosa Nothofagaceae Dominant species Yes 64
Nothofagus alpingPoepp. & Endl.) Oerst.  Nothofagaceae Dominant species Yes 10,759
Nothofagus antarctic§G. Forst.) Oerst. Nothofagaceae Dominant species Yes 29,159
Nothofagus betuloidgdMirb.) Oerst. Nothofagaceae Dominant species Yes 32,388
Nothofagus dombeyMirb.) Oerst. Nothofagaceae Dominant species Yes 27,092
Nothofagus glaucéPhil.) Krasser Nothofagaceae Dominant species Yes 4,343
Nothofagus nitidgPhil.) Krasser Nothofagaceae Dominant species Yes 37,581
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Nothofagus obliquéMirb.) Oerst. Nothofagaceae Dominant species Yes 42,600
Eg?;);?gus pumiligroepp. & Endl.) Nothofagaceae Dominant species Yes 28,747
Pellaea myrtillifoliaMett. ex Kuhn Pteridaceae Ground fern Yes 22
Pellaea ternifolia(Cav.) Link Pteridaceae Ground fern No 29
Persea linguéMiers ex Bertero) Nees Lauraceae Co-dominant species Yes 3,182
Philesia magellanicd.F. Gmel. Philesiaceae Co-dominant species Yes 72
Pilgerodendron uviferunD. Don) Florin Cupressaceae Co-dominant species Yes 20,591
Efjﬁems macrocarpggory ex Willd.) Polypodiaceae Epiphytic fern No 16
Pleurosorus papaverifoliugunze) Mett. Aspleniaceae Ground fern Yis 36
Podocarpus salignuB. Don Podocarpaceae Co-dominant species Yes 19,391
Podocarpus nubigenusndl. Podocarpaceae Co-dominant species Yes 99
Polypodium feuilleBertero Blechnaceae Epiphytic fern YBs 136
Polystichum andinurRhil. Dryopteridaceae Ground fern Yes 38
Polystichum chilensgH. Christ) Diels Dryopteridaceae Ground fern Yes 118
Polystichum multifidunfMett.) H. Christ Dryopteridaceae Ground fern Yes 29
E?JKZﬂChum plicatuntPoepp. ex Kunze) Dryopteridaceae Ground fern Yes 124
Z?r:y)s '[Flzc.h;(r)r(;rs.ublntegerrlmu(iﬂook. & Dryopteridaceae Ground fern Yes 22
Pteris chilensiDesv. Pteridaceae Ground fern Yes 33
Pteris semiadnat®&hil. Pteridaceae Ground fern Yes 38
Rhaphithamnus spinos@iuss.) Moldenke Verbenaceae Co-dominant species No 3,398
Rumohra adiantiformi¢G. Forst.) Ching Dryopteridaceae Ground fern No 78
Schizaea fistuloshkabill. Schizaeaceae Ground fern Yes 18
Serpyllopsis caespitog&audich.) C. Chr. Hymenophyllaceae Epiphytic fern Yés 51
Tepualia stipulariHook. & Arn.) Griseb. Myrtaceae Co-dominant species Yes 25,869
Thelypteris argentingHieron.) Abbiatti Thelypteridaceae Ground fern No 44
Trichomanes exsectuifunze Hymenophyllaceae Ground fern Yes 17
Weinmannia trichosperm@av. Cunoniaceae Co-dominant species Yes 24,577

& South American temperate rainforest range inclumagral and southern Chile and neighboring areas i

Argentina.

® Distribution also includes other small neighborargas.

¢ Distribution also includes Juan Fernandez Arcligelin the Pacific Ocean.

4 This species includes formerly namétthofagus macrocarpgA. DC.) F.M. Vazquez & R. Rodr.

populations following Vergarat al (2014).
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Table 2.S2.Parameter values (AUC, Kappa and TSS) to deterthmmbest model for each
species. The following modeling techniques weréuithed: ANN for Artificial Neural
Networks, CTA for Classification Tree Analysis, FOdt Flexible Discriminant Analysis,
GAM for Generalized Additive Models, GBM for Genkzad Boosting Models, GLM for
Generalized Linear Models, MARS for Multivariate #&mutive Regression Splines, and RF

for Random Forest. Source: own elaboration.

AUC Kappa TSS
Species Final best
Best Best Best model
Value Value Value
model model model

Adiantum chilense RF 0.979 RF 0.835 RF 0.902 RF
Adiantum excisum RF 0.978 RF 0.807 RF 0.910 RF
Adiantum gertrudis GBM 0.979 RF 0.722 GBM 0.909 GBM
Adiantum scabrum RF 0.950 RF 0.584 RF 0.832 RF
Adiantum sulphureum RF 0.963 RF 0.668 RF 0.858 RF
Aextoxicon punctatum RF 0.998 RF 0.950, RF 0.948 RF
Araucaria araucana GAM 0.999 RF 0.992 GAM 0.989 GAM
Asplenium dareoides RF 0.948 RF 0.697 GBM 0.82 RF
Asplenium monanthes GBM 0999 | GBM | 0.798 RF 0.830 GBM
Asplenium obtusatum var sphenoidgs GBM 0.946 RF 0.697 GBM 0.841 GBM
Asplenium trilobum RF 0.967 RF 0.626 RF 0.85% RF
Austrocedrus chilensis RF 0.993 RF 0.923 RF 0.938 RF
Azara petiolaris RF 0.994 RF 0.902 RF 0.957 RF
Blechnum arcuatum GBM 0.904 | GBM | 0.625 GBM 0.720 GBM
Blechnum asperum RF 0.998 RF 0.755 FDA 0.987 RF
Blechnum blechnoides RF 0.977 RF 0.692 RF 0.919 RF
Blechnum chilense RF 0.970 RF 0.736 RF 0.872 RF
Blechnum corralense RF 0.964 RF 0.557| RF 0.924 RF
Blechnum hastatum RF 0.980 RF 0.854 RF 0.902 RF
Blechnum magellanicum RF 0.935 RF 0.552 RF 0.828 RF
Blechnum microphyllum RF 0.943| MARS| 0.575 GBM 0.791 RF
Blechnum mochaenum RF 0.971 RF 0.757, RF 0.837 RF
Blechnum penna marina RF 0.921 RF 0.552 RF 0.67Y RF
Blepharocalyx cruckshanksii RF 0.983 RF 0.864 RF 0.883 RF
Botrychium dusenii RF 0.906 RF 0.598 RF 0.746 RF
Cheilanthes glauca RF 0.958 RF 0.775 RF 0.782 RF
Cheilanthes hypoleuca RF 0.961 RF 0.694 RF 0.826 RF
Cheilanthes mollis RF 0.971 RF 0.730 RF 0.896 RF
Cryptocarya alba RF 0.999 RF 0.979 RF 0.983 RF
Cryptogramma fumariifolia RF 0.989| GBM| 0.782 RF 0.963 RF
Cystopteris fragilis var apiiformis RF 0.943 RF 0.639 RF 0.781 RF
Dennstaedtia glauca RF 0.956 RF 0.450) RF 0.852 RF
Drimys andina RF 0.989 RF 0.771 GLM 0.94( RF
Drimys winteri RF 0.998 RF 0.941] RF 0.960 RF
Elaphoglossum gayanum RF 0.994| GBM| 0.676 RF 0.764 RF
Elaphoglossum mathewsii RF 0.853 RF 0.698 GBM 0.713 RF
Elaphoglossum porteri RF 0.999| ANN | 0.999 RF 0.999 RF
Equisetum bogotense RF 0.948 RF 0.705 RF 0.788 RF
Equisetum giganteum RF 0.957 RF 0.678 RF 0.791 RF
Eucryphia cordifolia RF 0.997 RF 0.971 RF 0.972 RF
Fitzroya cupressoides RF 0.999 RF 0.977 RF 0.981 RF
Gevuina avellana RF 0.998 RF 0.976 RF 0.972 RF
Gleichenia cryptocarpa GBM 0.969 RF 0.654 GBM 0.880 GBM
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Gleichenia litoralis RF 0.960 RF 0.593 RF 0.862 RF
Gleichenia quadripartita RF 0.917 RF 0.460) RF 0.739 RF
Gleichenia squamulosa RF 0.965 RF 0.702 RF 0.874 RF
Gomortega keule RF 0.999 RF 0.982 RF 0.998 RF
Grammitis magellanica RF 0.928 RF 0.466 GBM 0.72% RF
Grammitis patagonica GBM 0.973| GBM | 0.395 GBM 0.953 GBM
Grammitis poeppigiana GBM 0.948 RF 0.682 GBM 0.847 GBM
Hymenoglossum cruentum RF 0.989 RF 0.740 GBM 0.889 RF
Hymenophyllum caudiculatum var RE 0.954 RE 0.650 RE 0.83h RE
productum

Hymenophyllum cuneatum RF 0.975 RF 0.567 RF 0.84p RF
Hymenophyllum darwinii GBM 0.932 RF 0.555 GBM 0.861 GBM
Hymenophyllum dentatum RF 0.950 RF 0.702 RF 0.838 RF
Hymenophyllum dicranotrichum GBM 0.925 RF 0.621 GBM 0.806 GBM
Hymenophyllum falklandicum RF 0.909 RF 0.374 GBM 0.69 RF
Hymenophyllum ferrugineum RF 0.958 RF 0.563 GBM 0.852 RF
Hymenophyllum fuciforme RF 0.976 RF 0.607 RF 0.906 RF
Hymenophyllum krauseanum RF 0.946 RF 0.586 RF 0.78Y RF
Hymenophyllum nahuelhuapiense ANN 0.997 RF 0.282 GBM 0.941 ANN
Hymenophyllum pectinatum RF 0.949 RF 0.621 RF 0.790 RF
Hymenophyllum peltatum RF 0.958 RF 0.585 RF 0.829 RF
Hymenophyllum plicatum RF 0.950 RF 0.667 RF 0.86Y RF
Hymenophyllum secundum RF 0.926 RF 0.505 RF 0.755 RF
Hymenophyllum seselifolium RF 0.939 RF 0.570 GBM 0.80 RF
Hymenophyllum tortuosum RF 0.940 RF 0.573 RF 0.782 RF
Hymenophyllum tunbridgense RF 0.919| MARS| 0.567 RF 0.809 RF
Hymenophyllum umbratile RF 0.979 RF 0.508 RF 0.957 RF
Hypolepis poeppigii RF 0.942 RF 0.671 GBM 0.807 RF
Laurelia sempervirens RF 0.998 RF 0.956 RF 0.960 RF
Laureliopsis philippiana RF 0.999 RF 0.977 RF 0.961 RF
Lomatia hirsuta RF 0.991 RF 0.924 RF 0.9238 RF
Lophosoria quadripinnata GBM 0.944 RF 0.575 GBM 0.768 GBM
Luma apiculata RF 0.999 RF 0.966 RF 0.968 RF
Lycopodium alboffii RF 0.972 RF 0.477 RF 0.741 RF
Lycopodium confertum GBM 0.928 RF 0.167 GBM 0.774 GBM
Lycopodium gayanum RF 0.937 RF 0.592 RF 0.774 RF
Lycopodium magellanicum RF 0.941 RF 0.644 GBM 0.754 RF
Lycopodium paniculatum RF 0.984 RF 0.750] RF 0.978 RF
Maytenus disticha RF 0.986 RF 0.753 RF 0.924 RF
Megalastrum spectabile RF 0.916 RF 0.610 RF 0.74p RF
Myrceugenia exsucca RF 0.998 RF 0.951 RF 0.953 RF
Myrceugenia planipes RF 0.986 RF 0.893 RF 0.93Y RF
Nothofagus alessandrii RF 0.999 RF 0.999 RF 0.999 RF
Nothofagus alpina RF 0.999 RF 0.956 RF 0.974 RF
Nothofagus antarctica RF 0.996 RF 0.929 RF 0.958 RF
Nothofagus betuloides RF 0.994 RF 0.952 RF 0.96Y RF
Nothofagus dombeyi RF 0.999 RF 0.946 RF 0.961 RF
Nothofagus glauca RF 0.999 RF 0.992 RF 0.992 RF
Nothofagus nitida RF 0.999 RF 0.976 RF 0.991 RF
Nothofagus obliqua RF 0.999 RF 0.974 RF 0.989 RF
Nothofagus pumilio RF 0.994 RF 0.953 RF 0.958 RF
Pellaea myrtillifolia RF 0.963 RF 0.510 RF 0.898 RF
Pellaea ternifolia GBM 0.952 RF 0.426 GBM 0.8443 GBM
Persea lingue RF 0.999 RF 0.970 RF 0.978 RF
Philesia magellanica RF 0.963 RF 0.623 RF 0.91y RF
Pilgerodendron uviferum RF 0.996 RF 0.955 RF 0.960 RF
Pleopeltis macrocarpa RF 0.990 RF 0.598 RF 0.98Y RF
Pleurosorus papaverifolius RF 0.959 RF 0.714 RF 0.86Y RF
Podocarpus nubigenus RF 0.990 RF 0.964 RF 0.956 RF
Podocarpus salignus RF 0.983 RF 0.774 RF 0.930 RF
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Polypodium feuillei RF 0.967 RF 0.756 RF 0.782 RF
Polystichum andinum RF 0.919 RF 0.490 GBM 0.81% RF
Polystichum chilense RF 0.962 RF 0.726 RF 0.826 RF
Polystichum multifidum RF 0.925 RF 0.390 RF 0.788 RF
Polystichum plicatum RF 0.956 RF 0.713 RF 0.778 RF
Polystichum subintegerrimum GBM 0.934 RF 0.386 GBM 0.824 GBM
Pteris chilensis RF 0.970 RF 0.607| RF 0.885 RF
Pteris semiadnata RF 0.966 RF 0.684 RF 0.77Y RF
Rhaphithamnus spinosus RF 0.997 RF 0.960) RF 0.957 RF
Rumohra adiantiformis RF 0.971 RF 0.711 RF 0.892 RF
Schizaea fistulosa GBM 0.985 | ANN 0.747 GBM 0.951 GBM
Serpyllopsis caespitosa RF 0.947 RF 0.523 GBM 0.923 RF
Tepualia stipularis RF 0.996 RF 0.965 RF 0.974 RF
Thelypteris argentina RF 0.987 RF 0.567 RF 0.815 RF
Trichomanes exsectum RF 0.995 RF 0.765 RF 0.811 RF
Weinmannia trichosperma RF 0.996 RF 0.964 RF 0.982 RF
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Table 2.S3.Assumptions used for each species in order tM&8CLIM parameters

Source: own elaboration.

Propagule dispersal syndrome

LDD:

SDD: Short " Initial | Optimal
- distance Probability maturity | maturity
Species dispersdl of long age age
Barochory | Zoochory| Anemochory| Hydrochory distance
(m) dispersdl (years) | (years)
Adiantum chilense X 900 0.2 2 5
Adiantum excisum X 900 0.1 2 5
Adiantum gertrudis X 450 0.05 2 5
Adiantum scabrum X 900 0.1 2 5
Adiantum sulphureum X 900 0.2 2 5
Aextoxicon punctatum X X 225 0.1 20 25
Araucaria araucana X X 45 0.1 25 45
Asplenium dareoides X 900 0.1 2 4
Asplenium monanthes X 450 0.05 2 5
Asplenl_um obtusatum var X 900 0.1 > 5
sphenoides
Asplenium trilobum X 900 0.1 2 4
Austrocedrus chilensis X 450 0.1 20 35
Azara petiolaris X 45 0.1 10 15
Blechnum arcuatum X X 900 0.05 5 8
Blechnum asperum X 900 0.1 2 5
Blechnum blechnoides X 900 0.1 2 5
Blechnum chilense X 900 0.2 5 8
Blechnum corralense X 225 0.05 2 5
Blechnum hastatum X 900 0.2 2 5
Blechnum magellanicum X 900 0.1 5 8
Blechnum microphyllum X 900 0.1 2 5
Blechnum mochaenum X 900 0.1 2 5
Blechnum penna marina X 900 0.1 2 5
Blepharocalyx X 90 0.1 15 25
cruckshanksii
Botrychium dusenii X 900 0.1 2 5
Cheilanthes glauca X 900 0.1 2 5
Cheilanthes hypoleuca X 900 0.1 2 5
Cheilanthes mollis X 900 0.1 2 5
Cryptocarya alba X X 450 0.2 20 25
Cryptogramma X 900 0.1
fumariifolia
Cy§topt(_ar|s fragilis var X 900 01 2 5
apiiformis
Dennstaedtia glauca X X 900 0.05 5 8
Drimys andina X 45 0.1 10 15
Drimys winteri X 90 0.2 10 20
Elaphoglossum gayanum X 225 0.05 2 5
Elaphoglossum X 225 0.05 2 5
mathewsii
Elaphoglossum porteri X 225 0.05 2 5
Equisetum bogotense X X 900 0.2 2 5
Equisetum giganteum X X 900 0.05 5 8
Eucryphia cordifolia X 450 0.05 15 20
Fitzroya cupressoides X 450 0.1 30 50
Gevuina avellana X X 90 0.1 10 20
Gleichenia cryptocarpa X 900 0.1 2 5
Gleichenia litoralis X 900 0.1 2 5
Gleichenia quadripartita X 900 0.1 2 5
Gleichenia squamulosa X 900 0.1 2 5
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Gomortega keule 45 0 18 28
Grammitis magellanica X 900 0.1 2 4
Grammitis patagonica X 900 0.1 2 4
Grammitis poeppigiana X 900 0.1 2 4
Hymenoglossum X X 450 0.05 2 4
cruentum

Hymenophyllum

caudiculatum var X X 450 0.05 2 4
productum

Hymenophyllum X X 450 0.05 2
cuneatum

Hymenophyllum darwini X X 450 0.05 2
Hymenophylium X X 450 0.05 2
dentatum

Hymenophyllum X X 450 0.05 2 4
dicranotrichum

Hymenophylium X X 450 0.05 2 4
falklandicum

Hymenophylium X X 450 0.05 2 4
ferrugineum

Hymenophylium X X 450 0.05 2 4
fuciforme

Hymenophylium X X 450 0.05 2 4
krauseanum

Hymenophylium X X 450 0.05 2 4
nahuelhuapiense

Hymenophylium X X 450 0.05 2 4
pectinatum

Hymenophyllum peltatum X X 450 0.05 2 4
Hymenophyllum plicatum X X 450 0.05 2 4
Hymenophylium X X 450 0.05 2 4
secundum

Hymenophylium X X 450 0.05 2 4
seselifolium

Hymenophylium X X 450 0.05 2 4
tortuosum

Hymenophylium X X 450 0.05 2 4
tunbridgense

Hymenophylium X X 450 0.05 2 4
umbratile

Hypolepis poeppigii X 900 0.1 5 8
Laurelia sempervirens X 900 0.1 20 25
Laureliopsis philippiana X 900 0.1 20 30
Lomatia hirsuta X 450 0.05 5 15
Lophosoria X 900 0.2 5 8
quadripinnata

Luma apiculata 90 0.1 5 15
Lycopodium alboffii X 900 0.1 2 5
Lycopodium confertum X 900 0.1 2 5
Lycopodium gayanum X 900 0.1 2 5
Lycopodium X 900 0.1 2 5
magellanicum

Lycopodium paniculatun X 900 0.1 2 5
Maytenus disticha 225 0.05 10 15
Megalastrum spectabile X 900 0.1 5 8
Myrceugenia exsucca 45 0.1 15 20
Myrceugenia planipes 45 0.1 10 20
Nothofagus alessandrii 90 0.01 20 30
Nothofagus alpina X 450 0.05 20 30
Nothofagus antarctica X 450 0.05 20 30
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Nothofagus betuloides X 450 0.05 20 30
Nothofagus dombeyi X 450 0.05 15 25
Nothofagus glauca X X 45 0.01 25 30
Nothofagus nitida X 450 0.05 20 30
Nothofagus obliqua X 450 0.05 15 25
Nothofagus pumilio X X 90 0.05 20 30
Pellaea myrtillifolia X 900 0.1 2 5
Pellaea ternifolia X 900 0.1 2 5
Persea lingue X X 450 0.2 10 20
Philesia magellanica X 45 0.1 10 15
Pilgerodendron uviferum X 450 0.1 25 45
Pleopeltis macrocarpa X 450 0.05 2 5
Pleurosorus X 900 0.1 2 5
papaverifolius

Podocarpus nubigenus X X 45 0.01 20 40
Podocarpus salignus X X 45 0.01 10 20
Polypodium feuillei X 900 0.1 2 5
Polystichum andinum X 900 0.1 3 5
Polystichum chilense X 900 0.1 3 5
Polystichum multifidum X 900 0.1 3 5
Polystichum plicatum X 900 0.1 3 5
Polystichum X 900 0.1 3 5
subintegerrimum

Pteris chilensis X 900 0.1 2 5
Pteris semiadnata X 900 0.05 5 8
Rhaphithamnus spinosus X X 45 0.2 5 15
Rumohra adiantiformis X 900 0.05 5 8
Schizaea fistulosa X 900 0.1 2 5
Serpyllopsis caespitosa X X 450 0.05 2 4
Tepualia stipularis X 225 0.05 15 20
Thelypteris argentina X X 900 0.05 5 8
Trichomanes exsectum X X 225 0.05 2 4
Weinmannia X 900 01| 20| 30
trichosperma

& MIGCLIM parameters were set following the avaiithformation on the studied species (Tryon, 1970;
Tryon , 1986; Armesto & Rozzi, 1989; Donoso & Lat®98; Cuevas, 2000; Loehle, 2000; Armestal,
2001; Figueroa, 2003; Hechenleitretral, 2005; Donoso, 2006; Smith-Ramietzal, 2007; Rodriguegt al,
2009; De Grootet al, 2012; Gillespieet al, 2012; Ndafiez-Avilaet al, 2013). A dispersal kernel for
propagules considered the short-distance dispé&aD) and the period reaching optimal maturity. The
kernel of propagule production was assumed accgritirthe period of years between the initial prapag
production and the optimal maturity age, as predidty a standard growth sigmoid function as follpker 2
years: 0.4. For 3 years: 0.25, 0.7. For 5 yeaf899, 0.4974, 0.8357, 0.9549. For 10 years: 0.004%59,
0.2521, 0.4974, 0.7019, 0.8357, 0.9130, 0.954976®9 For 15 years: 0.0007, 0.0118, 0.0659, 0.1889,
0.3600, 0.5345, 0.6811, 0.7902, 0.8656, 0.91537290.9672, 0.9798, 0.9875. For 20 years: 0.00009,
0.0021, 0.0167, 0.0659, 0.1639, 0.3004, 0.44937850.7019, 0.7902, 0.8550, 0.9010, 0.9330, 0.9549
0.9698, 0.9798, 0.9865, 0.9910, 0.9940.

® The short-distance dispersal (SDD) considered distances according to the propagule dispersion
syndrome: i) long-distance travelling propagulecép® assumed to reach up to 900-1000 m; ii) medium
distance travelling propagule species, assumededachr up to 400-500 m; iii) short-distance travellin

propagule ground ferns, assumed to reach up to2800m; iv) short-distance travelling propagule sree
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shrubs, assumed to reach up to 80-100 m; and y)skanrt-distance travelling propagule species, mssuto
reach up to 40-50 m (Tryon, 1970; Tryon , 1986; Asto & Rozzi, 1989; Donoso & Lara, 1998; Cuevas,
2000; Loehle, 2000; Armeset al, 2001; Figueroa, 2003; Hechenleitmgral, 2005; Donoso, 2006; Smith-
Ramirezet al, 2007; Rodriguegt al, 2009; De Grooet al, 2012; Gillespieet al, 2012; Nufiez-Avilat al,

2013).

® The probability of long-distance dispersal (LDDjsvassumed considering the abundance of natural
populations and propagule dispersion syndrome®.2) or 20% for abundant ground fern species with
anemochorous long-distance travelling spores asd far successfully zoochorous tree species whieh a
very frequent; ii) 0.1 or 10% for medium-abundaanf species with anemochorous long-distance tiagell
spores, also for zoochorous medium-frequent trelesanub species, and also for successfully anenmouako
tree species; iii) 0.05 or 5% for scarce ground fepecies, also for epiphytic fern species and #&iso
anemochorous tree species which propagules arealdssto reach long distances; iv) 0.01 or 1% for

infrequent tree species with propagules with veny bbility to reach long distances and v) 0 or 086 f

species documented as very difficult or not ablestablish away from their parent trees (Tryon,Gt 9#yon,
1986; Armesto & Rozzi, 1989; Donoso & Lara, 199&e€as, 2000; Loehle, 2000; Armestbal, 2001;
Figueroa, 2003; Hechenleitnetr al, 2005; Donoso, 2006; Smith-Ramietzal, 2007; Rodrigueet al., 2009;
De Grootet al, 2012; Gillespieet al, 2012; Nufiez-Avilaet al, 2013).

Table 2.54 Sensitivity analysis of MIGCLIM parameters SDD (ghdistance dispersal)
and LDD (probability for long distance dispersaiplaheir effects on the habitat area size
for all the studied species: a) by species grong,lg by each specie&.full migration

scenario is also included as comparison for uncaimgtd future habitat sizes, without

using MIGCLIM. Source: own elaboration.

a)

Change in MIGCLIM Effects on habitat size by species group (meamradsird deviation)
parameters Nothofagus Co-dominant Ground ferns | Epiphytic ferns | Total species
SDD x 25% -0.6% + 0.8% -1.8% + 2.2% -5.9% +9.2% .59%+8.8% -4.9% + 8%
SDD x 50% -0.3% + 0.6% -0.8% + 1% -2.5% + 3.6% 98.24.1% -2.1% +3.3%

SDD x 200% 0.1% +0.1% 0.6% + 0.7% 0.6% +2.1% 1521% 0.8% + 1.8%
LDD x 10% 0% +0.1% -0.3% £ 0.5% -0.4% * 0.6% -0.1%.9% -0.3% £ 0.7%
LDD x 25% -0.1% £ 0.2% -0.5% * 0.5% -0.6% £0.7% .6% +0.8% -0.5% £ 0.7%
LDD x 50% 0% + 0% -0.3% + 0.4% -0.4% + 0.49 -0.4%.6% -0.4% + 0.5%
LDD x 200% 0% + 0.2% 1.1%+1.1% 1.6% +1.89 2.1%% 1.5% + 2%
LDD x 400% 0.1% +0.1% 1.1% + 1% 1.7% + 1.89 2%.998 1.5% + 2%
LDD x 1000% 0.2% +0.1% 1.9% +1.8% 3.3% +3.7% % .25.4% 2.9% + 3.9%
Full migration 6.3% + 12% 12.2% £ 12% 245% +£30% 4.136+49.3%| 22.5% +32.89
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b)

Effect of di
iffe
< ] rent MIGCLIM parameters
o S é’ on habitées
Lo o\o <)
A x S 3 B 2 S o
a & A x < 3 ] S S =
Species wn 9’ 8 =) x < « o P i)
Adia 3 | S 9 | 4 MRS E
- ntum chilense - a @) a X k=3
Adiantu . 2.89 - a a) x £
Adi m excisum 8%| -2.4% 4 @) o
diantum : 2.7% 0.0% | -0.89 4 fa) =
Adiantum gertrUdIS 0 20/0 -1.4% -0.1% 8% -0.7% 0.49 - w
s -0. y 1%| - - 0.
Adiantu cabrum 0 00 0.1% | 0.0% 0.5%| -0.5% 0 00 1.8% 1.9
m sulphu .8%| -0.29 0.0% 3% 1.19 9% 2.3
AeoXICOn PnctanT 08%| 0.2% | 0.0% | _-0.1% oo 0w Liw lam 2 Po__13p%
Araucaria atum 150 -1.3% | 0.0% 1% 01% 0 1%  0.19 S5 12.8%
ria araucana .5%| -0.8% 0| -0.7%| - 1%  0.59 2 {0 0.2M%
Asplenium dareoides -0.4% -0_2%: 0.4% | -0.3% -822/ 04% 1 200 0.5% 1-00/2 5'5%
Aspleni 24%| -1 0.1% 0.2% 39 -0.2% .20 1.3% 1k 1%
plenium monanthes : e oo% oI 0.2 0.19 1.0%  1.0% 1':2043 8.6%
-0. 1% .
Asplenium obt 12.2% -4.5% 2.39 ° -0.3% -0.29 0.4% 0.4% 0 [)A) 10.7%
sphenoi usatum va 3% | -0.59 b 0.9% 7%  8.59
enoides r 2 6% 5% -0.3% 0.2 0.9% 1.6% 8.\ %
. -2.6%| -1.09 -0.2% : 8%
Asplenium trilobum 0% | 0.1% | -0.3% - 1.8% 1.8% nobe o )
. ' e . ' 7.5%
Austrocedrus chilensi 38.805| "18:2%] -0.2% 02% 0.8% 0.8 b
Azara petiolari nsis 1 0| -3.5% 8%  1.5p
petiolaris 1%] -0.7% -3.0%| - 50 13.5%
Blechnum arcuatum 220 1'20/0 1.0% 20.7% 5 2.3% 9.49 8.9 070
_ -12% | 1.19 : -0.6% - 9%  22.49
Blechnum asperum 1.6%| -CEENIN0 Ot;(: _8'8% -0.7% 8'320 1.3%  1.2¢ A% 11617%
- : -0.1%| - -0.5% 1.89 2%  2.3%
S:eChHUm biechnoides 10006 83% | 0.1% | -1.29 0.19% -0.1% Ogoo 1.7% 3.0%‘: 194.::)%
echnum chilense -5.4%]| -2.8% | 0.0% el 5 I 3. o 06% 1.2% 113?
N . 3 : .39 .
Blechnum corralense 1.2%| -0.5% 0.0(2.) 0.5% -0.2% 049 3% 3.3% 6.3% 0
Blech ) -9 -0.5%| -0.4% 4%  2.7% 2 46.1%
num hastat 22.2% 1% | 4.49 49  -0.3% 545 48D
Blechnum m um > 3% 4% | -1.6%| -1.09 08% 07% 0. % _ 53.5%
£ cChnum mage an i 236| -0.9% | 0% |_0.4% 0% -15%  5.8% 0.9%  11.4%
icrophyll A% -1.4% -0.4%| - ) 7.19 '
Blechnum phylium -1.39 0 0.0% 0.3% 0 (1] 12.8%
mochae 3%]| -0.5% -0.8%| - 2%  0.69 8%  33.8%
B num 5% | - 0.7% 6% (]
B::;:g?m penna marina -g'gzﬂj -1.9% (())'f(;/;) -0.4%| -0 4(; '8-600 2 3% (2)22 0 0.7 2.4%
- . - . - 0 . .
Botrychi?,?ﬁ'ifl(J cruckshanksf e e o o T o
Cheilanth Seni 0.00 -1.7% | 1.3% 4% 0.4% 0. b 19%  1.9¢ A 3.7%
- es glauc 0% | 0.0% o | -1.6% 0.3% 0.99 9%  3.5M
Cheilanth a 1 0% | 0.0% -1.29% - 9%  0.99 0 33.p%
ilanthes hypol 6% -0.79 0%| -0.2% 08% 3.29 9% 1.8 °
Cheilanth poreuca 2 7% | -0.1% 4 -0.2% 2% 3.3 o 7.4%
es mollis B4 1o% | 0.1% -0.3% 02% 0 3% 6.0k
Cryptocar 850 3 6| -0.1% 039 - 6% 0.5 b 22.B%
ya alba 5% -3.9% 1%| -0.5% 0.3% 0.6 56 0.9% 0
Cryptogra -0.49 9% | 0.0% -0.5% -0 6% 0.6 9% %6.2
mma fumariifoli 4% -0.2% o | -0.7%| - A%  1.29 00 1.1%
Cysto ; — ariifolia | -0 -£70 0.1% 0.6% - 2% 1.1 (0} 6.0%
:’slpiiforlcr)rt:iesIrls fragilis var %] -0.1% | 0.2% -8??} -0.2% 8?20 To% Lo% 3'4% 15.19%
- : -0.1% N -U.1l% : .8p .
DetnnStaedtia | 1.1%| -05% | 0.09 ° 0.1% -0.1% 0.5% 0.4% ) DA) 16.B%
Drim 1a glauca 0% | -0.3% 0.7% 5bh 8.69
yS andina -3.8%| -1.89 .O70 -0.2% 0.6% 1.10 .6%
Drim ; - - 8% | -0.1% -0.2% 0 AP 4.4%
ysS winteri 3.0%| -1.5% 0 -0.4% 5% 0.50 (0}
El -1.0% 2% | 1.0% 1.80 -0.4%  -0.39 270 0.9% 2 89
aphoglossum gayanu 0%| -05% | 0.5% o-gﬁ) 1.5% 1'000 1.7% 166 3 .6%
m - - -0.99 oL : b
sum mathewsii |, - " 2.6%| -2.20% -1.69 3% 13% 1.5 gé:ﬁ’
5 -13.79 : 1 - -9
Elaphoglossum porteri a %| 10.5% | -3.2%| -4 1.2% 106p0 23.1% ’
Equis ! op -3-19 ~4.6%  -2.39 % 829%
etum bogoten 10.1% 1% | 1.9% 4.79 6.20
se 4 -0.2%| - 2% 11.1% |
4% - 0.7% 6 22.59
1.9% | 0.0% 07% 1.19 5%
20.8%| -0.7% 1%  0.8% 3.5
0.4% 1.3% 506 21.0%
12% 150 8.4
.9%
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Equisetum giganteum -24%| -0.9% | 0.0% | -0.2%| -0.2% -0.1% 1.1% 1.0% 2.1  46.4%
Eucryphia cordifolia -0.5%| -0.3% | 0.4% | -02%| -02% -01% 03% 03% 0.7% 114%
Fitzroya cupressoides -0.2%| 0.0% | 0.0% | -0.1%| -0.1% -0.1% 0.5% 0.5% 0.9%% 8.4%
Gevuina avellana -1.3%| -0.6% | 0.4% | -05%| -04% -0.2% 0.9% 1.0% 1L.7%  7.2%
Gleichenia cryptocarpa -0.4%| -0.2% | 0.0% | -0.3%| -0.3% -0.1% 0.5% 0.5% 0.8% 4.4%
Gleichenia litoralis -3.3%| -1.6% | -0.6%| -13%| -13% -1.2% 2.1% 1.8% 2.7 27.8%
Gleichenia quadripartita -5.6%| -25% | 0.2% | -0.1%| -0.6% -0.5% 2.1% 1.9% 3.8% 23.1%
Gleichenia squamulosa -52%| -2.2% | -0.1%| -0.2%| -0.7% -0.5% 1.4% 1.3% 3.0 18.1%
Gomortega keule -3.4%| -13%| 1.1%| 0.0%| -04% 0.19 -0.1% -0.1p% 0.0  18.0%
Grammitis magellanica -1.3%| -0.4% | 0.0% 0.0%| -0.2% -0.2% 0.7% 0.7% 1.1% 5.1%
Grammitis patagonica -1.8%| -0.6% | 0.0% 0.0%| -0.2% -0.1% 0.6% 0.6% 1.1% 9.6%
Grammitis poeppigiana -0.1%| 0.0% | 0.0% 0.0%| -0.1% 0.09 0.1% 0.1% 0.2p6 0.9%
Hymenoglossum cruentum | -3.2%| -1.5% | 1.0% 0.0%| -0.2% -0.2% 0.7% 0.7% 1.8% 20.1%
Hymenophyllum 8.3%| -43% | 1.9% | -1.0% -1.2% -1.2% 09% 07% 254  9.8%
caudiculatum var productum ) ) ) ' ' ) ' ) )

Hymenophyllum cuneatum 15'4% -6.0%| 3.2% | -0.1%| -0.7% -05% 2.6% 2.7% 5.1% 45.0%
Hymenophyllum darwinii -2.9%| -1.5% | 1.3% 0.1%| -0.1% -0.1% 1.2% 1.3% 2.3% 9.2%
Hymenophyllum dentatum | -2.5%| -1.0% | 0.6% 0.1% 0.0% 0.09 0.6% 0.6% 1.1% 9.0%
gﬁ?;f\g‘fﬁé‘gﬂ;m -2.6%| -0.9% | 0.6% | 00%| -01% -0.1% 05% 05% 1.0% 9.5%
;{ﬂ;n”doigm'“m -6.2%| -2.7% | 1.9% | 0.0%| -0.3% -0.3% 1.7% 1.8% 3.6% 258%
Hymenophyllum ferrugineum-2.9%| -1.1% | 0.7% 0.0%| -0.1% -0.1% 1.2% 1.1% 2.3 13.4%
Hymenophyllum fuciforme 26.-1% -10.1%| 5.5% | -0.2%| -1.0%| -0.7% 2.79 3.1% 7.0% 94.0%
Hymenophyllum krauseanum6.6%| -2.4% | 1.5% 0.0%| -0.2% -0.1% 1.1% 1.0% 250  18./%
Hymenophyllum 9.6%| -3.6%| 2.6% | 01%| 00% 00% 1.0% 11% 2.5% 26.7%
nahuelhuapiense ) ) ) ) ’ ) ) ' ) '

Hymenophyllum pectinatum -4.2%| -1.7% | 1.2% 0.0%| -02% -0.1% 1.1% 1.2% 2206 13.[1%
Hymenophyllum peltatum |-6.2%| -2.3% | 1.0% | 0.0%| -05% -0.3% 1.3% 1.3% 2.7 23.0%
Hymenophyllum plicatum | -3.8%| -1.5% | 0.8% 0.0%| -0.1% -0.1% 0.8% 0.7% 150 14.6%
Hymenophyllum secundum| -5.1%| -2.1% | 1.6% 0.0%| -0.3% -0.2% 1.1% 0.9% 230  20.6%
Hymenophyllum seselifolium-2.9%| -1.2% | 0.9% 0.1%| -0.1% -0.1% 0.8% 0.8% 1.7% 10.B%
Hymenophyllum tortuosum | -4.9%| -1.8% | 0.7% 0.0%| -0.2% -0.2% 0.8% 0.8% 1.5 5.4%
;'J{{Qﬁgggggg“m 9.4%| -47% | 2.2% | 2.9%| -3.194 -2.2% 142% 13.8% 20.0% 224.8
Hymenophyllum umbratile | -1.8%| -1.2% | 1.2% 0.6%| -0.6% -0.6% 2.4% 2.2% 57  37.)/%
Hypolepis poeppigii -1.9%| -0.7% | -0.1%| 0.0%| -0.3% -0.3% 1.0% 1.0% 21 10.9%
Laurelia sempervirens -0.6%| -0.1% | 0.0% 0.0%| -02% -0.2% 1.1% 1.1% 2.00 9.4%
Laureliopsis philippiana -0.3%| -0.1% | 0.0% 0.0% 0.0% 0.09 0.2% 0.2% 0.4p6 5.2%
Lomatia hirsuta -1.4%]| -0.6% | 0.4% | 0.0%| -0.1% 0.09 03% 03% 08% 6.5%
Lophosoria quadripinnata | -0.3%| -0.1% | 0.0% 0.0%| -0.1% -0.1% 0.2% 0.2% 0.3% 3.7%
Luma apiculata -0.7%| -04% | 03% | 0.0%| -02% -0.1% 05% 05% 09% 4.6%
Lycopodium alboffii -4.2%| -15% | -0.1%| -0.1%| -0.8% -06% 22% 21% 43% 36.8%
Lycopodium confertum -1.0%| -0.4% | 0.0% 0.0%| -0.2% -0.2% 0.4% 0.5% 0.8p6 4.1%
Lycopodium gayanum 13'1% -46% | 0.1% 0.2%| -0.6%9 -0.3% 2.2% 2.3% 4.4%  60.1%
Lycopodium magellanicum | -3.7%| -1.7% | 0.0% 0.0%| -0.3% -0.2% 0.9% 0.9% 1.9% 7.6%
Lycopodium paniculatum | -6.5%| -2.8% | -0.2%| -0.2%| -0.7% -0.6% 1.7% 1.8% 376 18.%
Maytenus disticha -25%| -1.0%| 08% | 0.0%| -0.3% -0.2% 0.9% 1.0% 2.0 22.4%
Megalastrum spectabile -3.4%| -1.4% | 0.0% 0.0%| -0.6% -04% 1.9% 1.9% 3.7  19.4%
Myrceugenia exsucca -3.3%| -1.6% | 1.3% 0.0%| -15% -0.9% 2.9% 2.8% 4.7 13.6%
Myrceugenia planipes -4.1%)| -2.0% | 1.6% 0.0%| -1.8% -1.2% 3.6% 3.5% 6.100 18.6%
Nothofagus alessandrii -2.2%| -1.7% | 0.0% | -0.2%| -0.5% 0.09 -03% -0.2p6 0.0 37.0%
Nothofagus alpina -0.4%| -02% | 0.1% | 0.0%| 0.0% 0.09 01% 01% 02 4.0%
Nothofagus antarctica -0.4%| -0.2% | 0.1% 0.0% 0.0% 0.09 0.1% 0.1% 0.2% 3.1%
Nothofagus betuloides -0.1%| -0.1% | 0.0% | 0.0%| 0.0% 0.09 0.0% 00% 01% 0.4%
Nothofagus dombeyi -0.2%| 0.0% | 0.0% | 0.0%| 0.0% 0.09 02% 02% 0.3 2.0%
Nothofagus glauca -1.5%| -0.5% | 0.3% 0.0% 0.0% -0.1% 0.1% 0.1% 0.3p6 5.7%
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Nothofagus nitida -0.1%| -0.1% | 0.0% 0.0%| 0.0% 0.09 0.0% 0.0% 0.1% 0.6%
Nothofagus obliqua -0.1%| 0.0% | 0.0% 0.0%| 0.0% 0.09 0.1% 0.1% 0.2 1.9%
Nothofagus pumilio -0.2%| -0.1% | 0.1% 0.0%| 0.0% 0.09 0.1% 0.1% 0.2 0.7%
Pellaea myrtillifolia -1.1%| -0.5% | 0.0% | -0.1%| -0.5% -0.3% 0.6% 0.6% 1.1% 6.0%
Pellaea ternifolia -1.9%| -0.8% | 0.0% 0.0%| -0.29% -0.2% 0.8% 0.9% 1506 11.9%
Persea lingue -0.6%| -0.3% | 0.2% 0.0%| -0.4% -0.2% 0.7% 0.7% 0.8%% 5.0%
Philesia magellanica -4.0%| -1.9% | 1.5% 0.1%| -15% -09% 3.0% 3.0% 5106  30.0%
Pilgerodendron uviferum -0.1%| 0.0% | 0.0% 0.0%| -0.1% -0.1% 0.4% 0.4% 0.6P6 4.1%
Pleopeltis macrocarpa 23'9% -11.7%| 10.1% | -0.3%| -1.7%| -1.39 4.89 49% 11.1% 111/0%
Pleurosorus papaverifolius | -2.4%]| -1.1% | 0.0% 0.1%| -0.2% -0.1% 0.9% 0.9% 1.9% 9.1%
Podocarpus nubigenus -0.9%| -0.4% | 0.3% 0.0% 0.0% 0.09 0.1% 0.1% 0.3% 2.3%
Podocarpus salignus 11'0% -46% | 29% | -0.1%| -0.4% -0.4% 1.0% 0.8% 240  61.2%
Polypodium feuillei -5.3%| -2.2% | 0.0% 0.0%| -05% -0.4% 1.5% 1.7% 3.2 18.3%
Polystichum andinum -0.1%| -0.1% | 0.0% | -0.1%| -0.3% -0.2% 0.5% 0.5% 0.8% 2.6%
Polystichum chilense -4.2%| -1.8% | 0.1% 0.0%| -05% -0.3% 1.7% 1.7% 3.5 29.3%
Polystichum multifidum -3.9%| -1.7% | -0.2%| -0.1%| -0.8% -0.6% 1.5% 1.5% 3.2% 20.0%
Polystichum plicatum -0.3%/| -0.1% | 0.0% 0.0%| -0.1% -0.1% 0.3% 0.4% 0.620 2.2%
E&'}i’s&";;r:i‘mum -3.8%)| -1.6% | 0.0% | -0.1%| -0.4% -0.3% 1.2% 1.2% 2.5% 16.8%
Pteris chilensis 13'1% 5.9% | 0.1% 0.1%| -1.49% -1.0% 4.6% 4.2% 8.7% 64.6%
Pteris semiadnata 12'5% -56% | -0.2%| -0.1%| -1.1% -0.8% 3.9% 4.0% 8.406 132\5%
Rhaphithamnus spinosus | -0.9%| -0.4% | 0.4% 0.0%| -0.9% -05% 1.2% 1.2% 1.3% 7.2%
Rumohra adiantiformis 2.7%| -1.1% | 0.0% 0.0%| -0.29% -0.1% 0.9% 0.8% 2006  29./%
Schizaea fistulosa -0.5%| -0.2% | 0.0% 0.0%| -0.1% -0.1% 0.4% 0.4% 0.7% 2.9%
Serpyllopsis caespitosa -4.5%| -1.5% | 0.9% 0.0%| -0.2% -0.1% 1.2% 1.1% 2106 17.2%
Tepualia stipularis -0.3%]| -0.1% | 0.1% 0.0%| 0.0% 0.09 0.2% 0.2% 0.4%% 1.7%
Thelypteris argentina -6.6%| -2.7% | 0.0% 0.0%| -0.4% -0.2% 1.9% 1.9% 4260 47.6%
Trichomanes exsectum 11'3% 5.4% | 1.7% 0.1% 0.0% 0.19 1.3% 1.2% 3.6 162,0%
Weinmannia trichosperma | -0.1%| 0.0% | 0.0% 0.0% 0.0% 0.09 0.1% 0.1% 0.2p6 1.2%
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Table 2.S5Modeled habitat area size (Rmunder assessed scenarios: present and future

(year 2050) with modeled dispersal constraintetmh species and their representation

under different conservation schemes in Chile. &auswn elaboration.

Modeled Area (krf) under scenario:

Present Future under dispersal constraints Future
. . _ ] without
_ a b Without protection Without protection dispersal
Species NPA” | PPA c d e Total NPA | PPA Total constraints
SBN" | SBR | Other SBN | SBR | Other !
Adiantum chilense 2679.1] 579.4| 5313.0| 8081.1| 57,341.8 73,994.3] 4,565.2| 1,364.7| 7,505.0| 9,456.1| 76,338.6| 99,229.6| 109,451.6
Adiantum excisum  332.0 49.2| 2,977.0| 3,096.4| 18,030.8] 24,485.5| 463.7 62.7| 3,559.8| 4,108.1| 22,418.7| 30,612.9| 33,627.9
Adiantum
. 89.4 25.3| 2,775.7| 1,286.3| 5,107.0| 9,283.6 96.7 23.1| 2,374.0| 1,266.0 4,9835 87434 8978.8
gertrudis
Adiantum scabrum 994.2 95.6| 4,632.0] 7,360.3| 21,855.3| 34,937.4| 1,913.7| 164.9| 5723.3| 9,199.8| 29,1189 46,120.6| 47,211.2
Adiantum
1,042.1| 491.3| 8,409.3| 9,321.6| 39,124.6| 58,388.8| 2,316.4| 790.5| 9,885.6| 11,811.4| 52,346.2| 77,150.1| 82,151.3
sulphureum
Aextoxicon
3,489.2| 3,976.7| 6,490.6| 5,099.4| 47,988.3| 67,044.3| 6,090.1| 4,559.6| 6,404.8| 5,106.8| 50,517.8| 72,679.1] 79,879.2
punctatum
Araucaria 2,829.1| 112.7| 286.2| 2,279.7| 11,437.0| 16,944.7| 2,291.1| 205.0| 304.2| 913.0| 5,773.8/ 9,487.1| 10,923.6
araucana e : . .
Asplenium
. 9,082.6| 3,636.9| 3,954.4| 4,735.4| 41,818.2| 63,227.6 11,539.2| 5,361.3| 4,981.1| 5,550.7| 57,528.7| 84,961.0| 90,362.0
dareoides
Asplenium 396.1| 177.7 60.4| 505.1| 3,334.0/ 4,4733| 863.4| 6234 9.3| 654.6| 4,366.7| 6,517.5| 7,745.9
monanthes ) ) ) ) e e : ) ) ) e e T
Asplenium 807.6| 1,382.2| 2,908.1| 854.2| 16,570.8| 22,523.0| 1,142.6| 1,551.8| 4,687.4| 1,047.9| 24,756.4| 33,186.1| 36,250.9
obtusatum
Asplenium
trilobum 609.5| 876.1| 1,284.9| 994.2| 7,503.1| 11,267.8| 1,903.6| 2,286.9| 3,745.9| 2,052.0| 25,913.4| 35901.9| 49,052.9
Austrocedrus
chilensis 1,414.5| 436.7| 1,810.7| 4,842.2| 13,191.6| 21,6957 1,560.9| 558.5| 2,020.8| 4,843.3| 13,365.1| 22,348.5| 25,396.7
Azara petiolaris 250.2 80.5| 2,238.8| 3,071.6| 4,341.5| 99827 344.9 88.9| 2,188.6| 2,993.6| 4,369.3] 9,985.3| 10,934.6
Blechnum
8,719.8| 3,314.8| 2,615.5| 3,655.1| 36,021.8| 54,326.9| 13,325.7| 3,952.7| 4,056.1| 4,433.8| 44,576.1| 70,344.5 76,481.6
arcuatum
Blechnum
1,172.9| 7095 660.1| 1,384.4| 11,238.6| 15,1655 3,382.8| 1,800.2| 1,827.2| 2,280.6| 28,498.1| 37,788.9| 44,878.5
asperum
Blechnum 111.5| 429.4| 160.2| 326.6| 1,361.2| 2,388.8/ 316.4| 4625| 224.0| 376.8| 1,590.3| 2,970.0] 4,248.2
blechnoides ’ ’ : : 90 1500 . - . . ,590. ,970. ,248.
Blechnum chilense 6,981.7| 2,894.0] 7,391.7| 9,051.2| 70,529.9] 96,848.5 10,081.4] 4,097.7| 9,242.7| 10,352.0| 88,490.1| 122,263.8] 133,277.1]
Blechnum 2120 392.2| 251.3| 165.7| 1,56.8 2178.1| 273.9| 355.6| 361.5| 272.3| 1,893.9| 3,157.2| 3,892.8
corralense : : : : 1190 L18. : . . . ,893. ,157. ,892.
Blechnum
hastatum 2,2980 578.7| 6,191.6| 9,034.5| 50,472.8| 68,575.7| 4,429.6| 1,384.1| 8,826.6| 10,176.7| 65,692.4 90,509.5| 93,531.7
Blechnum 8,065.1| 593.0| 2,505.8| 4,117.9| 23,973.2| 39,255.0| 8,933.6| 1,083.5| 3,126.6| 4,697.8| 28,630.9| 46,472.4 57,770.2
magellanicum e
Blechnum
) 5,210.3| 1,227.1| 3,142.7| 6,406.5| 27,083.4| 43,070.0, 5,550.0| 1,607.2| 3,585.2| 7,486.3| 32,654.6 50,883.4 52,472.4
microphyllum
Blechnum 1,050.5| 448.2| 728.7| 1572.4| 8,151.1| 11,951.0| 2,156.3| 327.0| 1,196.7| 2,196.1| 12,038.8| 17,914.9| 21,922.9
mochaenum s ‘
Blechnum penna-
marina 6,385.0| 2,782.9| 2,425.7| 3,645.7| 33,398.8| 48,637.9| 8,134.9| 5271.9| 3,137.6| 3,936.3| 48,833.9| 69,314.5 72,900.3
Blepharocalyx 59.3 87.3| 770.2| 626.1| 13,9445 15487.4 86.5 55.0| 535.4| 621.0| 10,777.5| 12,075.4| 15,525.0
cruckshanksii ‘ : : : ans 4ol : : . . 7. ,075. ,525.
Botrychium
dusenii 1,045.3| 181.1 58.7| 140.0| 1,272.4| 2,6975| 713.7 88.7 48.4 6.9 328.1| 11859 1,352.7
Cheilanthes
glauca 2,850.7| 194.3| 6,195.0| 8,978.1| 25975.8| 44,193.9 3,653.9| 276.9| 6,780.5| 9,616.6] 31,032.6| 51,360.5 54,028.4
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Cheilanthes

hypoleuca 466.5| 163.0| 4,247.3| 5,409.5 14,344.8| 24,631.1) 431.4| 1265 5207.2| 4,694.9 18,690.4| 29,150.3 32,857.8
Cheilanthes mollig 7251 23.1| 2,460.7| 1,857.5| 27,962.2] 33,028.5 1,068.9 22.4| 4,518.2| 2,637.5| 43,548.5| 51,795.4| 57,333.6
Cryptocarya alba 809.7| 178.8| 6,524.3| 8,049.0| 32,712.9| 48,274.7| 1,064.1| 217.3| 6,444.0| 8,093.3| 28,327.5 44,146.2| 48,294.7
Cryptogramma
L 1,040.6| 130.9| 1,755.4| 4,204.2| 8,643.3| 157743 1,680.1| 183.4| 1,799.4| 51952| 14,511.3| 23,369.5 24,061.7
fumariifolia
Cystopteris
fragilis 8,662.4| 2,987.7| 10,212.2| 10,867.8| 69,396.2| 102,126.2| 7,997.3| 4,361.8| 11,309.9| 12,358.6| 78,729.6| 114,757.3 117,430.9
Dennstaedtia
glauca 437.5| 141.1| 3,580.2| 3,555.2| 6,614.4| 14,328.2| 577.6| 158.0| 4,845.4| 4,596.4| 11,002.7| 21,180.1 24,8925
Drimys andina 2,079.9] 1625| 185.7| 1,019.3] 4,520.8] 7,968.2| 1,546.9 90.8| 1205| 529.4| 3,177.8| 54654 6,057.6
Drimys winteri 27,035.3| 6,205.7| 8,853.6| 8,050.4| 96,209.1 146,354.1 30,477.2| 6,832.5| 9,953.3| 8,810.4| 102,802.2 158,875.6] 171,927.5
Elaphoglossum
490.9| 372.7| 502.8| 201.6| 2,742.8| 4,310.8) 733.0| 936.9| 993.9| 914.6| 12,003.1| 15581.4| 19,153.4
gayanum
Elaphoglossum
- 182.5 1.3 9.7 2.0 228.8 4243\ 308.4 0.0 0.0 5.1 313.4 626.9 722.5
mathewsii
Elaphoglossum
: 422.5 0.0 0.0 0.0 1435 566.0|  620.0 0.0 0.0 0.0 294.9 914.8| 1,034.4
porteri
Equisetum
4,027.1| 1,417.5| 6,089.5| 9,618.9| 46,388.0| 67,541.0| 6,137.0| 2,273.4| 8,150.6| 10,904.9| 70,203.5| 97,669.3| 103,679.4
bogotense
Equisetum
: 215.7 38.9| 2,577.9| 1,716.7| 7,416.9| 11,966.1 494.8 39.6| 2,731.0| 2,279.3| 9,2252| 14,769.8 20,324.1
giganteum
Eucryphia
cordifolia 2,527.3| 2,302.8| 4,965.1| 2,637.5| 32,407.5 44,840.3 3,939.6| 3,267.4| 4,6455| 2,150.6| 28,404.2| 42,407.4| 47,512.2
Fitzroya 4,160.7| 2,611.0/ 2,768.4| 590.0| 10,077.0| 20,207.2| 3,027.2| 1,517.5| 2,020.0 109.2| 6,575.0| 13,249.0| 14,9465
cupressoides o it 108 : Wit ,207. ,027. ,517. ,020. . ,575. ,249. ,946.
Gevuina avellana| 2,305.7| 1,463.2| 3,729.9| 3,787.0| 44,427.2| 55,713.0] 3,294.2| 2,031.3| 3,582.1| 2,960.3| 38,069.5| 49,937.4] 53,951.7
Gleichenia
cryptocarpa 5,733.9| 3,761.0| 5,686.5| 3,290.4| 45892.9| 64,364.7| 7,447.7| 4,446.9| 5847.7| 3,897.3| 52,620.6| 74,260.2| 77,066.3
Gleichenia
litoralis 1925 6299 312.0| 1284| 1,064.8 2327.6 42.8| 231.4| 1384 76.9 567.1| 1,056.6] 1,693.1
Gleichenia
o 6,929.1| 1,615.9| 1,202.0| 1,496.7| 17,621.2| 28,864.9| 9,340.5| 2,489.7| 1,505.1| 1,333.5| 24,162.0| 38,830.8 45,492.3
quadripartita
Gleichenia 969.9| 823.8| 2,605.0| 1,467.1| 20,409.6| 26,275.4| 2,121.9| 2,260.8| 4,859.0| 1,716.4| 34,922.7| 45880.9| 50,646.4
squamulosa :
Gomortega keule 37.0 76| 140.6 81.7| 1,148.9]| 1,415.8 28.2 7.6 84.5 57.6 815.0 992.9| 11,2473
Grammitis 33,065.3| 4,601.8| 5,257.5| 5,152.5| 72,497.8| 120,574.9| 40,675.5| 6,260.7| 7,530.4| 6,552.9| 93,056.6| 154,076.1 160,228.2
magellanica
Grammitis 8,236.9| 1,490.7| 594.3| 695.8| 37,372.8 48,390.5 9,115.6| 1,500.6| 1,118.7| 734.1| 52,9717 65,440.7| 70,072.9
patagonica :
Grammitis 8,345.5| 2,072.9| 1,458.1| 2,039.7| 16,095.2| 30,011.4| 4,840.5| 991.7| 469.5| 690.2| 8,484.9| 15476.8 15,761.0
poeppigiana O I I 1095, 0114 4,840. . . . 484, /476. 761
Hymenoglossum
cruentum 54585\ 2,035.8| 4,442.9| 1,989.1 31,082.7| 45,009.0, 9,351.6| 3,202.2| 5,865.4| 2,737.8| 44,742.1| 65899.0| 74,944.9
Hymenophyllum
; 2,346.0| 1,480.1| 1,804.7| 1,286.3| 16,746.7| 23,663.7| 3,930.5| 3,258.6| 4,332.7| 2,030.9| 27,725.1| 41,277.8 43,5914
caudiculatum
Hymenophyllum
3,255.9| 8152 890.6| 771.2| 11,989.3| 17,722.3| 5,485.2| 1,790.7| 2,939.6| 1,422.1| 25310.9| 36,948.4 44,9255
cuneatum
Hymenophyllum
darwinii 2,276.4| 1,268.2| 1,255.9| 1,222.0| 15685.4| 21,707.9| 1,801.0| 1,143.3| 719.9| 8015 9,979.6| 14,445.4| 16,434.0
Hymenophyllum
5,853.6| 3,782.7| 3,971.3| 3,068.7| 35539.6| 52,215.9| 7,872.3| 4,408.6| 5541.2| 3,682.7| 45865.1 67,369.9 72,062.2
dentatum
Hymenophyllum 6,067.3| 3,295.8| 4,817.3| 2,229.5| 36,916.6| 53,326.5| 9,792.5| 4,100.9| 5,520.4| 2,701.5 46,405.1| 68,520.5 73,604.8
dicranotrichum R ez Ol ee9 1910 1926 17192 1100. 1520. 701 ,405. ,520. ,604.
Hymenophylium 4,741.8| 1,026.9| 986.7| 1,939.0| 11,653.2| 20,347.5 5,014.9| 1,466.5| 1,158.9 1,732.1| 12,860.1 22,2325 27,371.4
falklandicum
Hymenophyllum
. 23,901.0| 4,258.1| 4,660.9| 3,621.2| 42,557.5 78,998.7| 26,646.6| 4,385.5| 5,259.3| 4,023.1| 53,460.5| 93,775.0| 104,347.9
ferrugineum
Hymenophyllum
. 288.3| 260.5| 326.2| 3140| 2,813.7| 4,002.6] 846.5| 420.4| 950.9| 529.2| 5177.9| 7,925.1| 11,688.0
fuciforme
Hymenophyllum | 5956.9] 1,952.2| 2,841.8] 2,061.0] 26,887.1] 39,698.9] 9,544.1| 3,566.7| 5,673.2| 3,188.3| 44,777.5| 66,749.7| 74,1617
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krauseanum

Hymenophyllum

. 1,761.0 18.3| 464.7| 455.6| 2,809.7| 5509.4 2,632.0] 363.5| 428.3| 467.9| 4,562.3| 84540/ 9,925.8
nahuelhuapiense | ™ ' ' ' ' ' '
Hymenophyllum
: 13,176.6| 3,250.4| 3,976.5| 2,326.5| 35,128.8| 57,858.8 21,492.3| 3,689.0| 5478.9| 3,109.7| 47,478.8| 81,248.7| 89,186.0
pectinatum
Hymenophyllum
peltatum 3,375.1| 2,328.3| 2,391.3| 1,485.5| 152715 24,851.7| 2,576.2| 2,539.8| 4,080.1| 1,579.0| 18,072.4| 28,847.6| 34,569.1
Hymenophyllum
plicatum 3,731.1| 2,496.9| 2,861.0| 2,5489| 30,635.4| 42,273.3| 4,672.6| 3,471.3| 5,600.7| 3,307.0| 46,153.1 63,204.8 69,386.0
Hymenophyllum
6,460.6| 1,369.7| 3,006.8| 1,161.4| 12,326.3| 24,414.9| 7,211.7| 2,588.1| 3,837.9| 1,448.2| 17,261.2| 32,347.1] 37,369.3
secundum
Hymenophyllum
P 27,440.1| 2,859.3| 4,087.4| 3,615.9| 51,399.3 89,402.1| 35,924.6| 4,193.5| 6,430.2| 4,933.3| 67,099.6| 118,581.2] 128,209.7
seselifolium
Hymenophyllum
25,876.9| 2,536.5| 4,321.2| 2,807.0| 42,888.3| 78,429.9| 34,457.9| 3,588.8| 5,994.2| 4,323.1| 57,393.4| 105,757.4] 110,004.2
tortuosum
Hymenophylium 3.4 0.0 0.7 2.7 374.7 381.6 275 0.0 0.0 27.1 373.2 427.9| 1,293.2
tunbridgense . . : : . . . . . . . . ,293.
Hymenophyllum
. 571.3| 735.8| 296.4| 358.1| 34341 53957 1200/ 2357 20.3| 192.2 489.4| 1,057.7|  3,090.5
umbratile
Hypolepis
poeppigii 12,668.1| 3,746.6| 7,199.8| 4,864.2| 62,017.7| 90,496.4 20,348.9| 4,322.2| 8,426.1| 6,525.4| 81,156.9| 120,779.5 130,658.2)
Laurelia 1,378.2| 474.4| 2,595.8| 4,543.5| 31,009.2| 40,0010 2,169.7| 648.3| 2,907.2| 5,168.7| 32,679.0| 43,572.9 47,3411
sempervirens e
Laureliopsis
philippiana 11,018.7| 4,696.9| 5,966.0| 2,605.2| 48,652.0 72,938.8| 11,474.2| 4,799.2| 5566.7| 2,004.7| 42,9385 66,783.4 70,608.3
Lomatia hirsuta 4,585.1| 2,778.1| 4,438.3| 7,854.8| 53,058.0| 72,714.3| 6,675.1| 3,645.4| 5806.1| 7,968.9 57,390.7| 81,486.2] 86,203.3
Lophosoria
g 17,013.8| 5,170.1| 6,959.3| 5,482.3| 82,903.6| 117,529.2| 19,883.6| 5,351.6| 7,180.1| 5,882.5| 87,829.5| 126,127.2 130,442.9)
guadripinnata
Luma apiculata | 11,558.0| 5,236.0] 7,905.1| 8,516.3| 79,894.4| 113,109.7| 13,116.7| 5,422.4| 8,595.4| 8,646.1| 82,924.6| 118,705.2] 123,890.9
Lycopodium
alboffii 4,737.0| 2,461.9| 1,209.3| 1,273.8| 16,129.9| 25,811.9 5,658.7| 2,888.5| 1,636.8] 984.1| 18524.7| 29,692.7| 39,200.4
Lycopodium
14,515.1| 1,960.3| 1,043.4| 644.6| 26,755.6| 44,919.1 17,850.3| 1,706.6| 678.6| 352.5| 31,162.4| 51,750.4| 53,604.9
confertum
Lycopodium
822.4| 507.5| 764.5| 303.9| 3,2995 5697.7| 837.4| 663.1| 1,009 588.3| 7,031.6| 10,211.3 13,668.9
gayanum
Lycopodium 17,951.9| 5,144.2| 2,504.2| 5,673.8| 45,607.6| 76,881.8| 22,577.5| 6,330.8| 3,771.2| 6,354.3| 62,283.0| 101,316.9 107,167.0
magellanicum
Lycopodium
- 3,304.0( 1,874.3| 2,662.2| 1,135.9| 15,099.5| 24,075.9| 4,362.4| 2,434.9| 2,691.3| 2,293.9| 25951.8 37,734.3 42,120.7
paniculatum
Maytenus disticha] 2,876.6| 154.7| 1,159.6| 2,783.4| 13,701.7| 20,676.1| 2,670.8 386.4| 910.0| 2,030.7| 12,058.4| 18,056.2 22,691.0
Megalastrum
- 4,273.0| 2,000.5| 2,663.7| 3,250.7| 32,211.3| 44,399.2| 6,056.4| 3,423.1| 5239.6| 4,283.0 47,677.1 66,679.2] 75,299.0
spectabile
Myrceugenia
exsucea 861.6| 1,434.5| 502925 3,213.9 42,866.3 53,668.9 1,706.3| 2,373.5| 6,431.7| 3,965.2| 45241.3 59,718.0| 66,965.9
Myrceugenia
planipes 1,074.1| 961.6| 2,126.0| 1,495.2| 27,081.4 32,738.3| 2,241.6| 1,473.6| 3,124.9| 1,851.6| 30,476.8 39,168.5 45,237.8
Nothofagus 0.7 0.0 8.4 18.2 377.0 404.4 0.7 0.0 0.0 6.3 229.0 236.0 389.3
alessandrii ) ) ) ) ) ) ) ) ) ) ) ) )
Nothofagus alping 3,023.7| 1,043.8| 2,408.3| 3,827.6| 19,676.1] 29,979.5| 2,844.6| 978.6| 1,754.2| 2,937.7| 11,993.0 20,508.2| 21,710.1
Nothofagus
antarctica 44,886.1| 7,413.6| 7,711.5 8,159.8| 134,355.8| 202,526.7| 44,978.9| 7,383.5| 7,770.4| 6,816.0| 123,225.9 190,174.7| 196,451.3
Nothofagus
betuloides 82,512.2| 6,693.5 6,418.3| 7,014.1| 100,927.0 203,565.1 80,655.2| 5,547.1| 4,246.7| 5533.9| 88,001.8| 183,984.7| 184,881.4
Nothofagus
dombeyi 9,530.1| 3,068.4| 6,969.1| 6,975.7| 61,630.6| 88,174.0| 9,398.1| 3,231.9| 4,826.8| 4,980.8| 48,686.4| 71,123.9 72,928.1
Nothofagus glauca 329.8 85.3| 2,212.9| 3,306.2| 8,691.9| 14,626.1  269.2 86.0| 1,802.4| 2,074.2| 5,356.2| 9,587.9| 10,423.2
Nothofagus nitida| 48,703.4| 4,301.0| 5,722.1| 2,630.7| 64,260.4| 125,617.6| 47,671.9| 3,870.7| 5635.1| 1879.7| 62,768.8| 121,826.2 122,532.2
Nothofagus
obliqua 3,779.1| 1,745.2| 5,3485| 7,462.3| 48,852.9 67,188.0| 4,228.8| 1,923.3| 5222.1| 6,755.4| 43,971.7| 62,101.3 63,388.0
Nothofagus
pumilio 29,997.6| 6,912.6| 7,272.9| 8,178.9| 102,529.8 154,891.7| 27,930.1| 6,178.4| 4,885.9| 6,154.4| 83,900.0| 129,048.7| 130,169.9
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Pellaea

myrtillifolia 21.2 23.7| 1,176.4| 1,227.0| 11,584.2| 14,0325 715 20.9| 1,460.2| 1,606.7| 12,572.9| 15,732.1 16,570.6
Pellaea ternifolia | 4,912.4 95.1| 1,021.5| 3,441.8| 51,835.7| 61,306.5 5560.5 219.2| 1,296.9| 5427.8] 67,458.3| 79,962.6| 87,232.8
Persea lingue 1,378.2| 888.7| 1,888.0| 3,613.5 36,604.1] 44,3725 2,175.7| 1,468.9| 2,543.6| 3,498.0| 33,530.1] 43,216.3 45,436.5
Philesia
magellanica 16,361.8| 3,138.4| 5,194.8 1,515.8| 37,404.3| 63,615.1| 26,874.0 3718.5| 5494.7| 1,599.2| 47,790.0| 85,476.5 104,584.1]
Pilgerodendron
uviferum 62,975.6| 2,823.5| 5589.8| 2,822.2| 66,851.6 141,062.7| 64,992.4| 2766.2| 4,891.7| 2,233.3| 66,416.6| 141,300.1 147,910.2
Pleopelis 874.8| 610.4| 1,261.5| 1,957.6| 15913.6| 20,617.8| 2,244.1| 685.9| 1,610.8| 4,100.6| 33,480.0| 42,121.4| 65,009.5
macrocarpa :
Pleurosorus 528.0| 143.3| 4,560.0| 5,088.9 12,868.6| 23,188.9| 724.1| 2155| 5263.2| 57651 15828.1 27,796.0] 29,912.0
papaverifolius ) : R Voo 1608 el : . 1263. ,765. ,828. ,796. ,912.
Podocarpus
nubigenus 63,971.4| 4,353.6| 6,107.6| 3,569.5| 72,795.7| 150,797.7| 64,767.1| 3,813.9| 5,628.3| 2,577.2| 67,753.8| 144,540.3 147,939.0
Podocarpus
salignus 594.6| 377.9| 1,201.5| 1,405.3| 11,171.7| 14,751.0/ 1,037.4| 523.6| 1,612.8| 2,393.4| 11,148.7| 16,715.9| 25,737.6
Polypodium
feuillei 1530.6| 1,873.0| 3,875.2| 2,462.1| 30,288.4| 40,029.3| 3,555.7| 2,993.5 5571.8| 3,665.1| 51,174.8| 66,960.9] 74,291.9
Polystichum
andinum 6,127.2| 1,171.5| 2,278.0| 3,653.1| 10,050.5| 23,280.3 3,379.0| 498.5| 1,566.3| 1,963.0| 5,016.9| 12,423.7| 13,0185
Polystichum
chilense 3,088.2| 1,867.8| 3,502.6| 4,930.1| 36,188.1 49,576.8| 4,548.3| 2,814.6| 5,214.8| 5,703.7| 53,923.2| 72,204.6] 86,711.1
Polystichum
o 3,417.0| 491.0 79.0| 1,044.6| 4,553.5| 9,585.0| 4,043.5 913.8 28.0| 895.4| 65120 12,392.7| 14,396.4
multifidum
Polystichum
plicatum 7,823.1| 2,580.5| 5,099.1| 8,721.8| 37,667.7| 61,892.2| 9,026.1| 2,462.9| 5,086.6| 8,392.4| 41,350.1 66,318.2] 67,674.9
Polystichum 1,879.9| 1,141.9| 1,726.0| 2,817.8| 30,418.6| 37,984.2| 4,475.8| 2,277.2| 3,275.5| 3,282.4| 43,069.7| 56,380.7| 62,778.0
subintegerrimum o i 140 it AR :984. ATS. 277. ,275. ,282. ,069. ,380. ,778.
Pteris chilensis 81.5 76.7| 209.3| 863.2| 56883 6,919.0 1152| 143.7| 433.1| 1,033.4| 9,672.7| 11,398.1] 15,857.8
Pteris semiadnatal 1,294.2| 601.5| 712.1| 781.0| 6,163.6]| 9,552.3| 2,556.3] 1,091.9| 1,563.4| 1,453.7| 12,030.0| 18,695.3| 31,356.7
Rhaphithamnus
SpINosus 6,476.6| 4,235.1| 6,272.9| 4,354.1| 58,742.2| 80,081.0| 8,836.0| 4,912.3| 6,900.8| 4,094.4| 59,884.4| 84,628.0] 90,427.9
Rumohra 2,277.9| 1,321.1| 2,745.0| 4,227.2| 28,899.6| 39,470.9| 4,904.7| 2523.0| 3,778.6| 5,077.8| 42,814.0| 59,098.1 70,836.1
adiantiformis
Schizaea fistulosd 7,520.0| 1,647.1| 4,755.1] 670.0| 22,430.4] 37,022.5| 11,943.6| 1,684.8] 4817.1| 660.6| 23,3024 42,4085 43472.8
Serpyllopsis
. 6,209.3| 1,373.8| 3,928.2| 1,313.9| 21,770.4 34,595.5 8,840.4| 2,364.3| 4,813.4| 1,637.8| 28,908.4| 46,564.2] 52,503.2
caespitosa
Tepualia stipulari§ 58,386.6] 3,857.7| 6,050.5| 1,645.1] 63,980.2] 133,920.0| 54,307.4| 3,384.3| 5988.9 897.5| 59,723.1| 124,301.1] 126,563.4
Thelypteris
. 933.7 41.4| 5,698.0| 3,706.0| 34,751.9| 45,130.9| 1,620.1 82.2| 8,614.6| 6,374.5| 65701.5 82,392.9 103,872.3
argentina
Trichomanes 79| 1284 80.2 75.4| 1,066.4| 1,358.4 44.8| 1805 54.9 88.5 818.4| 1,187.1| 3,387.6
exsectum ) ) ) ) T U ) ' ) ) ' o U
Weinmannia
39,773.0| 5,310.0| 7,136.4| 4,384.0| 76,532.9| 133,136.4) 35,768.1| 4,413.7| 5,209.4| 3,175.6| 64,671.5 113,238.3 114,823.5

trichosperma

% NPA: Representation under the national systemrofepted wild areas,

Government.

managed by Chilean

® PPA: Representation under the private protecteaisamanaged by private owners in Chile.

© SBN: Representation under the prioritized sitebfodiversity conservation, at a Chilean national

level.

¢ SBR: Representation under the prioritized sitesbfodiversity conservation, at a scale of each

Chilean administrative region.

° Habitat areas without any protection scheme, algside of any prioritized sites for biodiversity

conservation in Chile.
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Table 2.56.Habitat size comparisons among scenarios withinispgroups (obtained

with paired t-tests). Source: own elaboration.

constrained future

Species group Scenario dispersal constrained future unconstrained future
resent t=-3.87,df =8, t=-3.3695, df = 8,

Nothofaqus P p-value = 0.004742 p-value = 0.009793
9 dispersal t=-2.6222,df =8,

p-value = 0.03055

present

t =-0.5985, df = 26,
p-value = 0.5547

t=2.1225, df = 26,
p-value = 0.04348

Co-dominant

dispersal
constrained future

t=-7.9683, df = 26,
p-value = 1.906x18

present

t = 8.6654, df = 54,
p-value = 8.443x1¢?

t = 10.2558, df = 54,
p-value = 2.775x1¢/

Ground ferns

dispersal
constrained future

t =-9.9539, df = 54,
p-value = 8.051x1¢/

present

t=6.0128, df = 26,
p-value = 2.382x168

t=6.9601, df = 26,
p-value = 2.171x10

Epiphytic ferns

dispersal
constrained future

t =-7.1138, df = 26,
p-value = 1.486x10
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Figure 2.S1.Sensitivity analysis of changes in MIGCLIM paraerstSDD (short distance
dispersal) and LDD (probability for long distandsprsal) and their effects on the habitat
area size for all the studied species, followirt§42Table. Vertical red line represents 0%
change in habitat size considering the paramegtiis 2.S3 Table as 100% for both SDD
and LDD. A full migration scenario is also includasla comparison for habitat sizes

without using MIGCLIM. Source: own elaboration.
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DISCUSION GENERAL
Diferencias en los nichos y rasgos segun especidpygs de especie

En esta tesis se han reconocido diferencias exgngi¢hos ecologicos de especies de
plantas que comparten comunidades de bosques tiwegla Sudamérica, tanto a nivel de
especies como a nivel de los grupos estudiados/desdiad estructural. Las diferencias
entre los principales factores climaticos relactmsacon la variabilidad de los nichos de
cada grupo de plantas se pudieron interpretar @asm ciertas caracteristicas morfolégicas
o fisiologicas especificas, tal como la literathieaanticipado. Los resultados obtenidos a
partir de los analisis deutlying Mean IndexOMI), mostraron una diferenciacion de nicho
bioclimatico entre las especies estudiadas, erminreplugar relacionado al rango de
temperatura media y estacionalidad de precipitasigmiendo la transicién ecolégica a
partir del clima mediterraneo de Chile centrab &éafgo de todo el bioma templado, hasta
su transicion hacia el clima subantartico patago(ege OMI 1). En un segundo lugar,
relacionado a la temperatura minima de invierne,sgirelaciona con la transicion desde
habitats con temperaturas minimas mas estableslogio grado de influencia oceanica,
hasta los habitats de temperaturas frias invernadssextremas correspondientes a los

limites altitudinales andinos de vegetacion (ejel@M

Se pudo corroborar que mientras importantes atasibnes bioclimaticas que han
abordado estos ecosistemas (Amigo & Ramirez, 198hert & Pliscoff, 2006) han
apuntado hacia ambos tipos de factores climaticadémperatura y precipitacion) como
igualmente importantes, en esta tesis se encoun&rdag variables relacionadas a la energia
(temperatura) resultaron ser mas relevantes qualagiwvinculadas a la disponibilidad
hidrica (precipitacién), en cuanto a su rol pasziiininar los nichos ecoldgicos al
considerar la totalidad de las plantas estudideits. es coincidente con lo publicado para
una escala de transicion local mas acotada desiieneh templado a mediterraneo para la
region del Biobio (Teneét al, 2004), y también en una evaluacion en la quebeedaron

a escala global aquellos factores que determindistidbucion de las plantas (Box, 1995).

Resulté interesante observar que cuando se amalites nichos mediante OMI de
manera separada segun grupos de plantas, laslgafbclimaticas resultaron ser

diferentes, pudiéndose en ciertos casos distimgagos morfoldgicos o fisiolégicos de las
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plantas estudiadas. Por ejemplo, los nichos deleirgrupo de especies de arboles del
géneraNothofagusse discriminaron principalmente por la temperatnédxima del mes

mas calido. Esto es coherente con lo estudiaddlperdi (1995), quien informd valores

de temperaturas correspondientes a TL50 foliaresgimondientes a meses de verano para
las especies mas australes incluyeNdithofagudormadores déreeline Estos valores
siguieron el orden concordante encontrado en esisrespecto a la posicion de nicNo:
dombeyiN. pumilig N. antarctica N. nitiday N. betuloidesiguiendo desde un menor
valor de resistencia a heladas estivales concaraamt nichos correlacionados con
mayores temperaturas de verano, hacia un TL50&flegar mayor resistencia a heladas
junto con una posicion de nicho correlacionadamenores temperaturas estivales. Aun
mas, estas diferencias entre nichos podrian tanskeiéimterpretadas a la luz de la
capacidad potencial de las especies para sobréwigo de la germinacion: semillas mas
grandesl{. glauca, N. obliqua N. alping y por ende mas capaces de alcanzar la humedad
del suelo mas profundo previniendo asi la desexg€lonoso, 1993; Donoso, 2006),
fueron encontradas en especies con nichos relattermatemperaturas de verano mas altas,
mientras que se encontrd lo opuesto para las samilas pequefiad.(betuloidesN.
antarcticao N. nitida) que no requeririan este tipo de estrategia (Dmriz306). No

obstante, las diferencias en nichos de las espestEsninantes estuvieron principalmente
dirigidas por la estacionalidad de la precipitac&iguiendo la transicién climatica desde
condiciones de verano seco hacia una precipitanésiconstante durante todo el afio. En
relacion a esta transicion, la esclerofilia fopadria interpretarse como relacionada:
Especies con una mayor esclerofilia tales cémara petiolaris Cryptocarya albaPersea
lingue Myrceugenia exsucoaPodocarpus salignu@Alberdi, 1995; Reaeét al, 2016)
presentaron posiciones de nicho asociadas a sesfiial, mientras que especies con
menor valor de esclerofilia confarimys winterj Tepualia stipularisWeinmannia
trichospermao Laureliopsisphilippiana (Alberdi, 1995) presentaron posiciones de nicho

relacionadas a precipitacion constante a lo lagj@ido.

Respecto a los nichos de los helechos terrestregynto de precipitacion anual
correspondio a la variable mas importante paraeatifgar sus nichos. Con ciclos de vida y
patrones de distribucion dirigidos mayormente patisponibilidad de agua (Quiahal,

2012), las diferencias de nicho en los helechasdees estuvieron coherentemente
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relacionadas al gradiente de montos de precipitad@sde especies de helechos del tipo
cheilanthoide y del génediantumadaptados a baja precipitacion, hasta helechos
terrestres especialmente adaptados a habitatsimédbs (Rodriguez, 1995; Paetaal,
2015). Por su parte, los helechos epifitos, datgron espacio de nicho mas pequefio
comparado con otros grupos de acuerdo al analiisg@neral, presentaron a las extremas
térmicas i.e. maxima temperatura estival, minima temperaturarimad) como las variables
discriminantes de nicho mas relevantes. Algunasoésp presentan estrategias
poikilohidricas (ausencia de estomas y falta deieas principales en las células de las
laminas) como en la mayoria de los helechos dentéif Hymenophyllaceae,
generalmente asociados a habitats costeros olaastom estabilidad térmica (Poreteal,
2012), mientras que estrategias como rizomas @3y de agua dtolypodium feuillese
encontraron en nichos con mayores extremas térngoagspondientes al bioclima
templado con transicion hacia el bioclima mediteea(Rodriguez, 1995). Estas
diferencias en las variables bioclimaticas forzauke la variabilidad de nichos segun
grupos de especies, apoyan la hipétesis 1 deess$aén los casos de las variables
forzantes para segregar NMsthofagusiominantes en ambas dimensiones OMI 1y 2, en
OMI 2 para las lefiosas codominantes, en OMI 1 lparbelechos terrestres y en OMI 2 ara

los helechos epifitos.

Diversas respuestas de desplazamiento segun gruppeabkpecies

En la observacion de cambios modelados como efiectambio climético, cabe sefalar
gue la incorporacion de restricciones especifidasw@gracion de las especies de plantas
estudiadas en esta tesis, constituye un elemeraminso respecto de otros estudios previos
gue han considerado esquemas binariesf(turo sin capacidad de dispersion, versus
futuro con total capacidad de dispersion), incaapdp de esta forma un mayor realismo en
las estimaciones de distribucion futura al tomacwenta los procesos y mecanismos de
dispersién especificos. Respecto de los efectdaan@s de las distribuciones medias en
los gradientes de altitud y latitud, aunque la miyde las especies mostré efectos
proyectados de desplazamiento hacia una mayardajtitna mayor latitud, las respuestas

variaron segun grupo de especies. Mas de la midaisdespecies arboreas estudiadas
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mostraron estas tendencias globalmente mas comen@a:los polos y hacia mayor altitud
(Jumpet al, 2009; Parmesan, 2015). No obstante, para antbpsgyde helechos del
sotobosque, las respuestas de desplazamientovagiéley en latitud fueron mas diversas
en direccién y en magnitud que para los arbolesmmes. Estas respuestas diferentes han
sido documentadas en plantas para otras comuniddddargo del mundo (Kelly &
Woulden, 2008; Lenoiet al, 2010) pero en esta tesis se encontré una mayensiaiad de
respuestas en plantas de bosques templados suckmosrien comparacion con aquellas
modeladas por VanDerWat al (2012) para especies de bosques templados sarsbsal

La variacion en respuestas ante cambio climatica lpelechos terrestres y epifitos en esta
tesis, se muestran relacionadas a una mas hetesogbitacion de posiciones de nicho
climatico, en comparacion con los arboles, tal cammuestra en el analisis OMI (Fig.
1.2).

De acuerdo a los modelos lineales, encontramesedifes tendencias en
desplazamiento altitudinal: arbolesNethofagusespecies codominantes y helechos
terrestres esperaron en general, mayores desplEaspara sus especies localizadas en
elevaciones mas altas, que para aquellas de déiefevaciones mas bajas. Sin embargo,
este patron fue inverso para helechos epifitosgtarelacionado a una ocupacion distinta
de este grupo de especies a lo largo del gradienétdevacion: la altitud media de las
especies de helechos epifitos estuvo restringaltitades mas bajas de los 600 m. s.n.m.
mientras que los otros grupos de plantas excediesot000 m s.n.m.

Luego de observar el gradiente latitudinal, etgratle desplazamiento en este
gradiente podria estar relacionado a la extensdagddistribuciones medias de las
especies. Para helechos terrestres, se obsengiasencia mas amplia (latitudes medias
entre los 25 y 50 grados sur) y aquellos con ktiedia mas baja esperaron mayores
desplazamientos latitudinales. De manera invéisthjofagusy codominantes (latitudes
medias entre 35 y 48 grados sur) esperaron susrasagesplazamientos latitudinales para
las especies localizadas hacia mayores latitugegoTos patrones de desplazamiento
proyectado en el gradiente altitudinal como emiudinal, no se presentan de manera
homogénea en todos los grupos de plantas, y aiasndias estan en alguna medida
relacionadas con los diferentes forzantes climati@sus nichos, de forma que al dividir el

total de especies segun magnitud de cambio encébevain 58% de los arboles
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correspondio a especies con mayores cambios, v&dtusn 46% de los helechos,
sugiriendo que se proyecta mayores cambios paralases en comparacion a los
helechos, en la misma direccion que lo resultaatesimedias de los indices de cambio
altitudinal, con 8.1 para los arboles y 7.3 pasahelechos. Al considerar los cambios en
latitud, 47% de los arboles se encontraron en fadm@on mayores cambios versus 51% de
los helechos, sugiriendo un mayor cambio proyecpeda los helechos que para los
arboles en el gradiente latitudinal indicado psrialores medios de indice de cambio
latitudinal de 0.49 para arboles y 0.56 para helgctodo lo cual apoya la hipétesis 1 de

esta tesis.

Desplazamientos altitudinales y latitudinales en tacién a la posicion de nichoy a la
amplitud de nicho

La relacion encontrada entre los cambios modeladadevacion y posicion de nicho de
las especies, reveld una proyeccion de mayor despianto altitudinal para aquellas
plantas asociadas a la transicién bioclimaticeed®tado a mediterrdneo, en contraste con
aquellas relativas a la transicion desde templagldantartico. Esto es opuesto al gradiente
bioclimatico analogo europeo analizado por Peiudl. (2012), con un mayor cambio
altitudinal para plantas templado-boreales que lgarplantas cuya distribucion es mas
cercana al bioma mediterraneo. El patrén aqui eérexdmincluyé la segregacion de nicho
en un escenario de cambio climatico con precigitadiecreciente en casi todo el gradiente
templado, mientras que en Europa la precipitactoespera aumente en el bioma
homologo (IPCC, 2013). Ademas, en los bosques tdoplde Sudamérica, el gradiente
altitudinal mismo se mostré6 mas amplio en la tr@dsibioclimética de templado a
mediterraneo que respecto a la transicion de tefa@Easubantartico, haciendo posible un

mayor potencial para expresar los cambios altialdsxdebido a cambio climatico.

Los cambios esperados en elevacion y latitud estuvdirectamente relacionados
con la posicion de las especies en la dimensidnah® correspondiente al gradiente
térmico desde temperatura invernal moderada, lataperatura invernal mas fria. Una
posible explicacion podria ser que el cambio clicaéde espera que aumente la

temperatura a través de toda la extension de kEgues templados de Sudamérica, el cual
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puede elevar el umbral térmico minimo a lo largloegesistema completo, de manera que
los mayores cambios podrian estar intensificadom letreelineandino y hacia el limite
patagonico de estos bosques (inviernos mas fdos)parados con la porcion templada

moderada con influencia oceanica.

La literatura ha establecido la existencia deretacion inversa entre la amplitud de
nicho y los efectos proyectados de cambio clim&fi¢willer et al, 2005). Los resultados
de esta tesis sugirieron esta tendencia correspatedh los impactos en el gradiente
altitudinal: plantas con amplitud de nicho mésessto estuvieron vinculadas a mayores
desplazamientos altitudinales, al menos para teipal dimension de nicho OMI, en linea
con lo evaluado en Sudafrica para plantas (Broemmiret al, 2006), y anfibios (Bottst
al., 2013). En este estudio mostramos que en Sudzam&rs especies con nicho
restringido a lo largo del gradiente bioclimatieoplado desde mediterraneo hasta
subantartico correspondieron a las plantas con reaytesplazamientos en términos de
elevacion debido a cambio climatico, lo cual briagayo a aceptar la parte referente al

gradiente de altitud de la hipotesis 2 de esta {bgdotesis 2a).

Los desplazamientos proyectados para las plaetdsoddel gradiente latitudinal no
mostraron el patron inverso anteriormente sefiadhdontrastarlos con la amplitud de
nicho, apoyando de esta forma al rechazo de la pelecionada al gradiente latitudinal de
la hipétesis 2 de esta tesis (hipotesis 2b). Enlesalesplazamientos latitudinales
estuvieron relacionados de forma directa a la datptie nicho para ambas dimensiones
OMI analizadas, en especial en el eje 1, el cual@srelacionado con el gradiente
bioclimatico de bosques templados, orientado @itimimente desde la transicion a
mediterraneo hasta la transicion a subantarticetaH#onde esta tesis ha explorado, este
corresponde al primer estudio que muestra estérpdiste resultado podria estar explicado
desde el punto de vista del amplio gradiente Ritial en el cual se desarrollan los bosques
templados de Sudameérica, y también considerangatein directo encontrado entre la
amplitud de nicho de las plantas (en ambas dimeasi®MI) y la distribucién media
latitudinal de las especies, mostrando valoreswaitud de nicho mas amplios hacia una
latitud mas alta. Los resultados de esta tesisié@antbhostraron una relacion directa entre la

latitud media de las plantas y sus rangos latialds) patron correspondiente al efecto

124



Rapoport (Stevens, 1989), el cual ya habia sidoriegpor Arroyoet al (1996)

igualmente para especies de plantas de estos miyeqaes templados sudamericanos.

La relacion directa encontrada entre el desplazatmilatitudinal y la amplitud de
nicho podria ser también explicado debido a quelE#as con mayor amplitud de nicho
en estos bosques estan relacionadas a distribsdatitadinales mas amplias, y al hecho
gue las principales variables que dirigen los rectlonaticos presentaron una transicion en
el sentido latitudinal, asi como también los camlpmyectados para esas variables que
presentan un gradiente por latitud y al hecho qugeresperen grandes cambios en los
extremos latitudinales de acuerdo a los mecanisteasspersion de cada especie. Esto
podria ayudar por ejemplo a producir extincion lecela distribucion septentrional, al
mismo tiempo que aumentos de la extension locad sacdistribucion meridional, lo que
no se observa con frecuencia en especies corbdistines latitudinales restringidas.

Representacion de los habitats bajo conservacioneetiva y cambios esperados

producto del cambio climatico

Esta tesis incluyd el andlisis del grado de reptesgn de los habitat bajo proteccién
formal en Chilei(e. dentro de SNASPE) a escala de especie de plaga.aPestudios
anteriores que evaluaron representacion a esca&aeodestemas (Pliscoff & Fuentes-
Castillo, 2011) y a escala de habitat de especiemignales (Tognelkt al, 2008), el
trabajo de esta tesis en este &mbito correspomitaradr analisis formal de evaluacion de
representacion de especies de plantas y al prishedie del efecto esperado de cambio
climatico sobre la representacion de habitats ésguemas de proteccion para Chile.
Referente a la hipbtesis 3 de esta tesis, lostagkd apoyan dicha hipotesis al constatarse
una insuficiencia del sistema de areas protegwtasdies en el resguardo de umbrales
minimos de proteccion de los habitats para lascespestudiadas. El actual nivel de
representacion de los habitats dentro de las &NASPE al nivel de especies de plantas
puede ser considerado bajo comparado con otrodiestgélo un 50% de las especies
minimamente representadas, comparadas con un 18@#as en Europa Occidental, y un
89% en la region de El Cabo en Sudafrica (Haretatt, 2007). En esto es importante

observar el hecho que las areas SNASPE presenfaen® sesgo hacia el sury no es
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coincidente con la distribucion de la mayor diveasi de plantas vasculares, que se ubica

en las regiones mas centrales y del centro-suhde (Armestoet al, 1998).

Resulta interesante el que los resultados ddesstahayan mostrado que las areas
SNASPE mantendran o incluso aumentaran el nivetpiesentacion de las plantas
estudiadas de los bosques templados dominaddsgbloofagusen el escenario de cambio
climatico para la segunda mitad del siglo, alcadeamasta un 52.5% de las especies en
Chile. Esto contrasta con la representacion pragectie un 94% de las especies de plantas
de Europa Occidental y de un 78% de las especiksrdgion de El Cabo en Sudéafrica,
para un mismo umbral de representacion minima #e (Hannatet al, 2007) y con
algunas especies de vertebrados en Europa, pajadase espera que pierdan
representacion en areas protegidas bajo escedariceambio climéatico (D'Ameet al,
2011,Carvalhoet al, 2011)

El escenario futuro de cambio climatico indico bas en el tamafio de los habitats
de las especies de plantas que comparten su d@éibcon las especies Nethofagus
pertenecientes a los bosques templados sudamesiddnmbstante, se constataron
diferencias segun grupos de plantas respecto deiasuen los tamafios de habitat, al
mismo tiempo que se pudo ver que estos cambiogecesariamente van de la mano con
los efectos en el nivel de representacion de soisatgien areas de proteccion oficial tales
como las SNASPE. Por ejemplo, mientras los tamd&d®bitat para las especies de
Nothofagusse espera que disminuyan en el futuro, sus nidelespresentacion se
proyecta que aumenten, sugiriendo que las unidiel&NASPE se localizan en areas
Utiles para estas especies en el largo plazo. Aslezstas areas de conservacion formal del
estado, incluyen zonas que pueden ser propensagalenizadas por estas especies en un
futuro corto plazo, de acuerdo a las restriccimsggcificas de migraciéon consideradas. La
misma observacion puede hacerse con las espeetkBrinantes; las especies cuyos
tamanos de habitat se proyecta que disminuyan¥oded nimero de las especies
evaluadas), se espera que aumenten sus niveleprésantacion en SNASPE. Ademas,
para las especies cuya distribucion se prevé quamteuna expansion (48.1%), se espera de
igual forma que aumenten su representacion. EjesaEa@sto se pueden ver en especies
comoN. alpinay N. dombeyicuyos rangos septentrionales de distribucionbjtéis de

altitudes menores se espera que disminuyan prodetttambio climatico. Al mismo

126



tiempo se espera que sus habitats futuros incloghitats presentes que puedan persistir
en el tiempo ademas de las nuevas zonas de expamsél futuro, y en ambos casos
coincidan con la actual ubicacién de las areaegidas SNASPE a mayores altitudes. La
misma situacion puede ocurrir con los arboles codames endémicos del centro-sur de
Chile, que requieren una alta disponibilidad halrmomoLaurelia sempervireng Persea
lingue Se espera que estas especies disminuyan sbutigin septentrional y de bajas
altitudes, en las cuales se proyecta que dismilaugeecipitacion durante la temporada de
crecimiento y es coincidente con areas donde &Esdgrotegidas SNASPE son escasas 0
no existen. Ademas, se espera que estas especitsngan su distribucion meridional o se
expandan hacia areas cercanas a sus extremogrdridién sur, donde proporcionalmente

se localizan mas areas protegidas pertenecien8iSAGPE.

Se espera que los helechos del sotobosque presaradeespuesta diferente de los
otros dos grupos anteriormente mencionados: 909bdsdespecies de helechos proyectan
una expansion del tamafo de sus habitats, per®3d@é6 de ellos muy probablemente
aumentara su nivel de representacion SNASPE. Siamyo, la diferencia mas notable se
observa en los helechos epifitos; 88.9 de ell@spera que aumenten su area de
distribucion, pero sélo 44.4% de ellos podrian exrasu proporcion de representacion en
SNASPE. Esto probablemente esté relacionado abhgeh las unidades de SNASPE
estan geogréaficamente sesgadas hacia una mayod attientras que una proporcion
importante de las especies de helechos epifitas psbpensas a expandirse hacia bosques
de altitudes menores que estan escasamente ircknd@NASPE. Esto ultimo implica que
la ubicacion de las reservas de SNASPE continuenéa util en el futuro, excepto para un
tercio (29.7%) del total de las especies estudjgmaa las cuales las nuevas areas
colonizables no coincidiran con las areas proteg®MASPE, o bien se trata de algunos
habitats actualmente protegidos por SNASPE qué¢ feiueo puedan no ser
climaticamente apropiados para esas especieset@. Entre estas especies, se puede
mencionar un conjunto de helechos terrestres débdision mas asociada a transicion
hacia clima mediterraneo de Chile central, talesa@Gheilanthes hypoleu¢®ennstaedtia
glauca Pteris chilensig/ Thelypteris argentinacuya representacion futura se espera
disminuya debido a que solo las pocas unidades $RASisten en Chile central pueden

en el futuro no ser Gtiles para la conservacioasi#s especies luego de cambio climéatico.
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Algunas otras especies de helechos terrestresrgsenpen amplias distribuciones de sus
habitats tales comBlechnum magellanicumLycopodium magellanicuse espera que
presenten una expansion de su distribucion haciaszoo incluidas en SNASPE,
resultando en una disminucién de sus valores degeptacion futura. Otros casos como
Elaphoglossum porten Elaphoglossum gayanuque tienen areas de distribucion
presentes muy pequefas y que preven disminucidéaoseniveles de representacion,
podrian deberse al hecho que sus distribucionaalastse hallan mayormente dentro de
unidades SNASPE, y en el futuro podrian expandipgcas poblaciones hacia otras zonas
fuera de las areas SNASPE. Los nichos ecologicasnt®s grupos de helechos tanto
terrestres como epifitos resultaron mas heterogermemparados con aquellos de los
arboles dominantes con los cuales comparten distdgh, también con una respuesta
diferencial en los cambios del tamafio de habitat)gtanto también una respuesta

diferente en los niveles de representacion enrkesalel SNASPE.

La ubicacién actual de los parques y reservagmpetctentes a SNASPE asegura
suficiente proteccién para mantener el mismo nurderespecies de arbolesNethofagus
y helechos epifitos. De esta forma, la localizaeictual de las areas protegidas de
SNASPE aunque insuficiente para el total de las@sp, es importante para la
representatividad actual y este papel continuarsi importante luego que las especies de
estos bosques templados enfrenten los efectosuaddic climatico en el futuro. Esto
sugiere que cualquier alteracién a las unidade&NFESPE, tales como desafectacion o
reduccion de sus superficies para una explotacidaugtiva o ya sea cambios en sus
principales funciones, hacia objetivos que no $agmeservacion de la representacion de
los habitats de las especies, deberian por lo thedaconsejarse desde el punto de vista de
las politicas de manejo de los recursos biolodgieasa sobrellevar los efectos de cambio
climatico. Aun mas, el actual rol de SNASPE endaservacion de biodiversidad en el
largo plazo, no esta completamente asegurado agueyno se han completado todos los
planes de manejo para estas unidades. En afiostescibea habido un debate sobre la
redefinicion de los objetivos principales del sistede areas protegidas SNASPE y el
gobierno ha incluido al turismo como uno de lostips principales, lo que ha permitido
la construccion de infraestructuad hocen territorio que antes era completamente

preservado. Por otro lado, la restriccion del nadejganado de comunidades aledafias a
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estas unidades, el control de especies invasdeadefinicion de limites en el nimero
maximo de visitantes por unidades de areas prasgid encuentran entre los desafios que
deben lograrse para poder asegurar el rol de a@wsén de largo plazo de las areas
SNASPE.

Representacion de los habitats bajo otros esquemapuestos de conservacion y

cambios esperados producto del cambio climatico

Esta tesis ha abordado las opciones de areas de@ém privada (PPA), que pese a que
aun formalizadas por ley, podrian constituir comgigionalidad en superficie a mejorar y
alcanzar niveles relevantes de representaciomableonentar el SNASPE. Los resultados
de esta tesis mostraron que tendrian un efectoleameptario muy positivo al sistema de
areas de SNASPE, ya que PPA afiadiria habitatcbagervacion formal para un 97.5%
de las especies evaluadas, aumentando conseraatodonal para un 73.7% de las
especies estudiadas en el escenario futuro analigahndo se consideraron umbrales de
representacion minima, las unidades de PPA mosttara ayuda efectiva para el 16.1% de
las especies estudiadas en poder alcanzar nivelepresentacion adecuada, para ambos
umbrales del presente escenario. Mas aun, lasdesd@PA podrian servir a la
representatividad de la conservacion a un 16.9%st#s especies si se considera el umbral
de 17% ante el escenario de clima futuro. Los e$egositivos de incluir las areas PPA son
mas importantes aun para las especies de heleehsstdbosque que para los arboles
dominantes debido a la distribucion de las unid&i& es complementaria a las areas
SNASPE hacia menores altitudes, donde algunoshudetel sotobosque podrian tender a
expandir su distribucion en el futuro de acuerdesaknario de clima futuro. Ya que las
reservas SNASPE se ubican desigualmente a lo d¢eaigerritorio de Chile,
proporcionalmente con una mayor distribucion higaareas mas meridionales y mayores
altitudes, las PPA se pueden ajustar espacialneente un complemento importante para
las areas SNASPE, de la misma forma en la que seduatrado evidencia por otras
evaluaciones de reservas de tipo privado (Jacks@Gagion, 2008; Gallet al, 2009).

Tal como se propone como nuevas areas protegajasabestrategia nacional de
biodiversidad de Chile (CONAMA, 2005), una eventingblementacion de los sitios
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prioritarios para biodiversidad de alcance naci¢88IN) virtualmente completan las
necesidades suplementarias para alcanzar unaepf@e®n minima para la mayoria de las
especies estudiadas luego de considerar SNASPRB &R0 para el escenario presente
como futuro con un umbral de 10%, apoyando dereateera la aceptacion de la hipotesis
4 de esta tesis. El efecto de incluir los sitiasrfiarios de alcance de las regiones
administrativas de Chile (SBR) resulté importardeadograr niveles satisfactorios de
representacion de las especies al aplicar el urdbredpresentacion mas restrictivo. Esto
contrasta con el hecho que la politica ambient&iée recientemente ha considerado la
mayoria de estas areas SBR como de menor prigrafadser implementadas como
reservas, debido a que ellos son territorios dpipdad privada. Si se aplicase el umbral
propuesto por la Cumbre de Nagoye. (17%), aun habria un grupo de especies compuesto
por los arboledlothofagus alessandni Blepharocalyx cruckshankslps helechos
terrestredteris chilensisCheilanthes molliyy Pellaea ternifoliay el helecho epifito
Hymenophyllum tumbridgensgue no podrian lograr una representacion minondas
areas SNASPE, PPA, SBN y SBR combinadas; la maglerélas distribuyen sus habitats
hacia zonas transicionales de clima templado lwdioa mediterraneo, con escasa
representacion bajo los esquemas de conservasiriagdo ademas a una alta tasa de
reemplazo debido a uso antropico de la tierrae 8nplementasen las areas SBN y SBR,
seria prudente incluir porciones de areas de Haldeestas especies en las reservas
propuestas de igual manera.

Aln cuando se espera que el cambio climaticoafesthabitats de las especies de
plantas evaluadas de estos importantes bosquektiapla ubicacion actual de las
unidades de conservacién determinan que no habrdias significativos en términos de
namero de especies con una representacion miniraabescenario futuro evaluado. El
analisis de los efectos del cambio climatico sabtamario de los habitats y su
representacion en areas protegidas, que consigél@ios arboles dominantes como una
base, puede no ser aplicable a otros grupos deies@sociadas, como ha sido en este caso
para las especies de plantas que incluyen el ssjabo
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CONCLUSIONES GENERALES

A través del analisis OMI se pudo discernir exitosate los nichos ecoldgicos de plantas
del centro y sur de Chile que comparten comuniddddmsques templados
sudamericanos, distribuidas en dos dimensioneéirbiticas: una delineada por el rango
de temperatura media y estacionalidad de la ptaciph que se presenta en una transicion
de bioclimas mediterrdneo-templado-subantarti@sebunda comprendida por la
temperatura minima del mes mas frio en una tramsaésde ambientes con influencia

oceanica hacia #éleelineandino y umbral patagodnico.

Las variables bioclimaticas claves para los niclagaron segun grupo de especies:
la temperatura maxima del mes mas célido parBldaksofagusdominantes, la
estacionalidad de la precipitacidon para las espatidominantes, precipitacién anual para
los helechos terrestres y ambas extremas de teta@enaaxima del mes mas calido y la
temperatura minima del mes mas frio, para los hekeepifitos. Se sugiere que estas

diferencias encontradas podrian deberse a rasgesifiso morfoldgicos o fisioldgicos.

Los desplazamientos altitudinales y latitudin@esespuesta al cambio climatico
para las especies del sotobosque no pueden asgues®n la misma direccion o
magnitud que los arboles que dominan estos bosgogsados. La mayoria de los arboles
dominantes y codominantes presentaron desplazarsiesperados hacia mayor altitud y
latitud, mientras que los grupos de helechos sgepta tendran respuestas mas diversas en
direccion, relacionadas a diferencias en caratitassdel nicho. La magnitud de los
desplazamientos difirié entre grupos de especiabitm, combinando la segregacion del
nicho en las dimensiones ambientales, de manerkbsdeboles mostraron mayores
desplazamientos esperados en el gradiente de Elevae los helechos, mientras que los
helechos mostraron mayores desplazamientos esgegaddos arboles en el gradiente de

latitud, siguiendo diferentes forzantes de niclimatico.

Los cambios altitudinales esperados sugiriercar @sversamente relacionados a la
amplitud de nicho tal como la literatura ha pladted.a variacion latitudinal de la
amplitud de nicho de las especies estudiadas gsgj@fecto Rapoport, y junto con la
expresion desigual de proyeccion de cambio clirn&itla distribucion completa de los

bosques templados sudamericanos, puede explibackebd que los cambios latitudinales
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mostraran una relacion directa con la amplitudidea) en contra de lo esperado segun

literatura.

Los habitats de especies de plantas de los bosemetados de Sudamérica se
encuentran insuficientemente representados en SEAS® obstante, pese a que la
mayoria de las especies de arboles modelados s egpe disminuyan su tamafio de
habitat por efecto de cambio climatico, se esplem@sano tiempo aumenten su
representacion en SNASPE. Por otro lado, la magerias plantas de sotobosque se
espera aumenten tanto sus tamafio de habitat conieetule representacion en el
SNASPE. A diferencia de analisis hechos en otrésepaen los que la eficiencia de
conservacion de las areas disminuye con el cantibidtico, esta tesis indico que el
SNASPE esta localizado espacialmente correspordéeateas propensas a mantenerse o
expandirse como habitats Utiles para la mayoriagiespecies estudiadas, ante cambio

climatico, lo que destaca la necesidad de fortalgo® afectar estas areas.

Los habitats de especies de plantas estudiaddempeemplementar una suficiente
representacion en areas protegidas al incorposarvas privadas PPA vy sitios prioritarios
SBN ayudando al SNASPE a lograr una representagioima de la mayoria de las
especies de plantas estudiadas. Esta representacijolementada se mantiene o incluso
aumenta ante cambio climatico para muchas de pexies estudiadas tanto en el presente
como en el escenario de cambio climatico futuradosse considera el umbral minimo de
10%. Si se tomara en cuenta un umbral de 17%, esgizcial el considerar una

implementacion agregada de los sitios prioritagi@scala regional SBR.

Las evaluaciones de efectos de cambio climatibcedan llevarse a cabo a nivel de
especies y es importante no asumir que los efesfmsrados sobre las especies de arboles
dominantes son necesariamente aplicables a lasiesjpe sotobosque y el empleo de
restricciones de dispersion a la migracion debieralnirse siempre para modelar

distribuciones futuras mas realistas.
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