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ABSTRACT

Santuario de la Naturaleza Yerba Loca (SN Yerba Loca), Metropolitan Region (MR), 33° S, Chile is analyzed for its
conservation value and efficiency in protecting native vascular plants in a regional context. The reserve'’s flora of 500
species and subtaxa was evaluated for species richness, endemism, range size and marginally distributed taxa, usin
species-area analysis, and tendencies in the floras of the MR (1.434 species and subtaxa) and MR-Fifth regions (1,841
species and subtaxa) to set the regional pattern. The reserve (0.7 % of MR land area and 0.3 % MR-Fifth land area)
contains 34 % of the MR and 27% of the MR-Fifth floras, and around 16-17 % of the mediterranean-climate area
(regions IV-VIII) flora of central Chile. Veech'’s Relative Richness Index (RRI) revealed that SN Yerba Loca houses
exaggerated richness in relation to its land area (28 % more species than expected from the regional model). However,
endemism rates (35 % Continental Chile endemics, 22 % Mediterranean endemics, 3% MR-Vth endemics) are
statistically lower than in the MR (44 %, 29 %, 9 %) and the MR-Vth (48 %, 31 %, 11 %) floras, and SN Yerba Loca
houses proportionately fewer MR endemics (2 %) than the MR (6 %). Compared with the regional floras, the reserve
contains statistically fewer marginally distributed species, and range size (median = five administrative regions) is
significantly larger. The reserve’s outstanding species richness compensates for its low endemism rates bringing the
absolute number of endemics to 92 % of the regional expectation. Corresponding values for marginally distributed
species are 81 % (northern limits), 63% (southern limits) and for median and shorter range taxa, 100 %. It is concluded
that SN Yerba Loca is a highly efficient reserve from the point of view of vascular plant conservation, and represents
an excellent conservation choice. SN Yerba Loca and MN El Morado (a second state protected area in the MR),
conservatively, house 39 % of the native vascular plant flora of the MR (30 % of that of the MR-Fifth) on 0.9 % of MR
land area. Our study emphasizes that relatively small land areas in central Chile can house significant amounts of
biodiversity, and that moreover, the RM and RM-Fifth are areas of high species richness within the central Chilean
biodiversity hotspot. The outstanding conservation value of SN Yerba Loca calls for a management plan designed to
assure the integrity of the reserve under increasing pressures from the Metropolitan Region with six million inhabitants.

Key words: conservation efficiency, endemism, hotspot, protected area, mediterranean flora, species richness, SN
Yerba Loca.

RESUMEN

Santuario de la Naturaleza Yerba Loca (SN Yerba Loca), 33°S, un area protegida en la Region Metropolitana (RM) de
Chile, es analizado en términos de su aporte a la conservacion de la flora vascular y su eficiencia en un contexto regional.
Se analizé la flora vascular nativa, compuesta por 500 taxa en terminos de riqueza de especies, endemismos, rango d
distribucién, y presencia de taxa con limites de distribucion geogréafica en la zona de estudio, empleando analisis de
especie-area y en base de tendencias en las floras de la RM (1-434 especies y subtaxa) y RM-Quinta Regién (1.841
especies y subtaxa). La reserva (de 0,7 % de la superficie de RM y 0,3 % de RM-Quinta Region) contiene el 34 % de
la flora nativa de RM y el 27 % de RM-Quinta Region, y alrededor de 16-17 % de la flora mediterranea (regiones IV-
VIII) de Chile central. El Indice de Riqueza Relativa (IRR) de Veech indica que SN Yerba Loca alberga una riqueza
extraordinaria en relacion a su superficie (28 % mas especies de lo esperado del modelo regional). Sin embargo, los
niveles de endemismo para SN Yerba Loca (35 % endémicos de Chile continental, 22 % endémicos de la zona
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mediterranea y 3 % endémicos a RM-Quinta Regidn) son estadisticamente méas bajos que los niveles regionales (RM:
44, 29y 9 %; RM-Quinta Regién: 48, 31,y 11 %), y SN Yerba Loca alberga proporcionalmente menos taxas endemicos
a RM (2 %) que RM (6 %). En comparasion con las floras regionales, SN Yerba Loca contiene menos especies
marginalmente distribuidas, y los rangos geograficos para especies presentes en SN Yerba Loca (mediana = cinco regione:
administrativas) son significativamente mayores que en las floras regionales. La riqueza destacada de la reserva compens:
su bajo nivel de endemismos, con el nimero absoluto de taxas endemicos llegando al 92 % de la expectacién regional.
Valores correspondientes para especies con distribuciones marginales son 81 % (limites norte), 63 % (limites sur) y para
taxas con rangos cortas, 100 %. Se concluye que SN Yerba Loca es una reserva muy eficiente desde el punto de vista d
conservacion de la flora vascular. SN Yerba Locay MN El Morado (un segundo area protegida en RM) constituyen el 0,9
% de la superficie de RM. Albergan alrededor del 39 % de la florade la RM (y 30 % de la florade RM y RM-Quinta Region).
Nuestro estudio indica que areas pequefias en Chile central pueden albergar mucha biodiversidad, y que RM y RM-Quinta
Regioén son areas de alta riqueza de especies dentro del “hotspot” Chile central de biodiversidad. El sobresaliente valor de
SN Yerba Loca en lo respecto a la conservacion exige un plan de manejo para asegurar la integridad de la reserva frente
de presiones de la Region Metropolitana con seis millones de inhabitantes.

Palabras clave:eficiencia de conservacién, endemismos, area protegida,“hotspot” flora , mediterranea, riqueza de
especies, SN Yerba Loca.

INTRODUCTION the “National Forum on Biodiversity” held in
Washington DC in September, 1986 (Heywood &

The conservation of biodiversity in a modernWatson 1995). Gathering concern throughout the
context (Heywood & Watson 1995) spans theate 80’'s and early 90’s eventually lead to the
gamut from the sustainable use of the componensigning of the Convention on Biological Diversity
of biodiversity to strict preservation. Globally, which came into force in 1993. In Chile the esta-
protected areas are considered to constitute dishment of protected areas dates to 1907, with
important means for protecting biodiversitythe creation of the Reserva Nacional Malleco,
(Miller et al. 1995). Most national (and somefollowed by the Villarrica, Alto Bio-Bio and
private) protected areas combine the sustainabldanquihue forest reserves created in 1912 (Benoit
use of the components of biodiversity andl996). The first national park (still in existence),
biodiversity preservation. The protection andParque Nacional Vicente Pérez Rosales, was
maintenance of biodiversity in the naturalcreated in 1926, with 10 new parks established
environment on the one hand, underpindetween 1935-1945. Over the period 1945-1969,
recreation, while the use of protected areas fds2 additional national parks and forest reserves
recreation permits biodiversitper seto be came into being. Of the 90-odd current protected
preserved through non-extractive sustainable usareas in Chile, thus a very large number were
At the landscape level, protected areas also cameated before 1980.
perform important ecological services, such as As biodiversity became a global concern, the
watershed protection, C@equestration (e.g. as notion of biodiversity conservation began to make
in forests) and maintenance of carbon sinks (e.gits way into the hands of the decision makers
as in peat bogs). (e.g., Mufioz et al. 1996). However, even today,

Although the protection of biodiversity is now new protected areas tend to be created more on
explicitly recognized as an objective of protectedhe basis of a select group of species, or dominant
areas, many protected areas were set up prior $pecies, rather than concern for adequate and
world concern about biodiversity, with scenic orefficient coverage of all species in a region. The
wilderness value, or the protection of a seleceéarly establishment of many protected areas on
number of useful or charismatic species being thithe basis of wild, scenic or utilitarian value,
overriding criteria for their establishmentsignifies that there can be no guarantee that a set
(Armesto et al. 1998). For example, in India,of existing national parks and reserves protects
protected areas of forest species have existedl of aregion’s biodiversity. Nor can it be assumed
since the IV century (Groombridge 1992). Usinghat existing protected areas are efficient in terms
data given in Groombridge (1992), around 60 %f the amounts of biodiversity they protect. Given
of all existing protected areas were establishethe latter, as a working hypothesis, individual
before the 1980s, which corresponds with th@rotected areas should span the natural range of
decade of accelarated global concern fovariation in the landscape, there being reserves
biodiversity. It was in the late 80's that Wilson & with relatively low to relatively high levels of
Peters (1988) brought the notion of biodiversitybiodiversity: that is, some protected areas, by
to a wide field of scientists and others. Thechance could house high levels of biodiversity,
contracted form of biological diversity while others could contain low amounts.
(biodiversity) was apparently coined by Walter In order to consolidate any national protected
G. Rosen in 1985 for the first planning meeting ofirea system a first objective should be that of
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learning how much biodiversity is contained in MATERIAL AND METHODS

existing protected areas. This information is fun-

damental for determining which species in thestudy site

region of interest are protected and their level of

protection. Secondly, individual protected area$antuario de la Naturaleza Yerba Loca (hereafter
should be evaluated for their relative conservatioBN Yerba Loca) (Fig. 1) is located in the
efficiency. This kind of information is essential Municipality of Lo Barnechea to the NE of the
to guide the right decisions when changes in theity of Santiago. The area was decreed a “Nature
boundaries (reductions, amplifications) of existingSanctuary” on 24 July, 1973 by the Chilean
protecting areas are contemplated. In this pap&ouncil of National Monuments (Consejo Nacio-
we outline and analyze the vascular plant flora ofial de Monumentos Nacionales). As originally
the Santuario de la Naturaleza Yerba Locadesignated, the reserve covers 39,029 ha.
Metropolitan Region, 33° S, Chile. The SantuaridHowever, only the 10,500 ha. of the reserve
de la Naturaleza Yerba Loca is one of fourmanaged by the Corporacidon Nacional Forestal
protected areas managed by CONAF-Chile in the€CONAF) is considered here. The reserve is
densely populated Metropolitan Region of Chilecentered on the deeply-cut, northeast-southwest
Some 25 % of the land area of the Metropolitatrending valleys of the Estero Yerba Loca running
Region is intensively used for agriculture androm the base of Cerro La Paloma, and Estero La
urban development; many semi-natural areas ateeonera, situated to the east and running into
today heavily subject to grazing (Arroyo et al.Estero Yerba Loca. It comprises steep
2000). The Metropolitan Region occurs in themountainous territory located to the east of the
mediterranean-type climate area of central ChilRio San Francisco, from its junction with Estero
(di Castri & Hajek 1976), known for its high Yerba Loca to the level of La Ermita. Estero
levels of endemism and species richness (Arroy¥erba Loca shows strong signs of heavily
& Cavieres 1997, Arroyo et al. 1999). Reflectingglaciation in the Pleistocene. Permanent glaciers
the latter, in a recent paper in Nature, centrare found today on Cerro La Paloma and Cerro
Chile (based on the original data provided bylomo. The reserve spans an altitudinal range of
Arroyo et al. 1999 in Mittermeier et al. 1999) hasapproximately 1,300 to 5,340 m. However, above
been declared a “biodiversity hotspot for3,600 m vascular plants are essentially absent.
conservation priority” (Myers et al. 2000). BasedVegetation types include typical low-elevation
on comprehensive floristic lists of the native flo-mediterranean sclerophyllous scrub and succulent
ra for the Metropolitan Region and Metropolitanscrub (900-1,500 m), montane sclerophyllous
and Vth regions combined, we first determine thevoodland dominated bikageneckia angustifolia
proportion of the regional floras contained in thg1,600-2,000 m), and high alpine vegetation
Santuario de la Naturaleza Yerba Loca. We thef2,000-3,600 m). A significant extension of
employ a series of criteria designed to evaluatAndean wetlands (locally referred to as “vegas”)
the conservation value of the reserve. Specificallis found on the eastern side of the reserve below
we analyze the reserve’s flora from the perspectiv€erro La Parva. The upper reaches of Estero
of: (i) total number of vascular plants protected irferba Loca below Cerro La Paloma contain one
relation to the physical size of the reserve; (iipf the largest and best conserved extensions of
concentration and absolute numbers of endemitigh Andean cushion bog in the general area. The
taxa; (iii) average range size of taxa; (iv) presencgtructure and ecology of the alpine vegetation of
of marginally distributed species. For the purposethe Farellones—La Parva-Valle Nevado area
of our analysis, a highly efficient reserve is one inmmediately to the east, as described in Arroyo et
which: (i) a higher number of species in relatioral. (1981, 1982) and Cavieres et al. (2000), is
to the expected regional average for the reserugpical of SN Yerba Loca. Details on the
size are protected; (ii) the density of endemicomposition and ecology of montane
species is high; (iii) the average range size adclerophyllous forest in the reserve can be found
species is low, and (iv) marginally distributedin Arroyo & Uslar (1993) and Pefaloza et al.
species are well represented. Finally, we combin@001).

published floristic information for Monumento

Nacional El Morado (a second protected area in

the Metropolitan Region) with that for SantuarioFloristic data

de la Naturaleza Yerba Loca and determine the

proportion of the Metropolitan Region (andKnowledge of the flora of SN Yerba Loca was
Metropolitan-Quinta Region combined) floragenerated from an intensive field collecting
contained in the two protected areas. program supplemented with a small nhumber of
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previous literature and herbarium records (3 %f Concepcion (CONC) and Museo National de
taxa). Field work incompassed 92 man/womatlistoria Natural (SGO). The field effort resulted

days of collecting time spread across 31 separaie more than 1,700 herbarium collections and
collecting trips in the early spring to late autumntheir respective duplicates. The floristic lists for

of 1998-2001 and covered the entire elevatiothe Metropolitan Region and Metropolitan-Fifth

range of vascular plants, all major watershedggegions combined were generated from the Chilean
ranges and expositions as well as vegetation typélera data base, University of Concepcidn (version
in the reserve. All plant species occurring alon@3 August, 2001). This constantly up-dated
the explored gradients and trajectories werelectronic data base contains distributional data
collected and herbarium specimens prepared. Eaal the level of Chile administrative regions and
plant collection was formally recorded in relationlife-form data for all currently accepted species,
to georeferenced points (Garnmin GPS). So as subspecies and varieties in the Chilean flora. The
document the flora of the reserve, herbariunonly major modification to the data base affected
collections have been deposited at the Universitywas replacement of the existing set of names for
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Fig. 1: Location of the Santuario de la Naturaleza Yerba Loca, Chile.
Ubicacion del Santuario de la Naturaleza Yerba Loca, Chile.
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the genu<alceolariawith a much reduced set of for SN Yerba Loca, as presented herein. Inclusion
taxa recognized in the recent taxonomic revisionf MN El Morado also allowed comparison of the
of the genus by Ehrhart (2000). A few new taxapecies packing efficiency of SN Yerba Loca
for the Metropolitan Region discovered in SNwith that of a second protected area in the
Yerba Loca were added to the regional lists. Th#etropolitan Region. For the species richness
regional lists can be considered fairly completeanalysis, subtaxa were eliminated from the data
since the Metropolitan and Vth regions are amongets for the Vth, Metropolitan Region, SN Yerba
the best explored in Chile. Loca and MN E|l Morado, so as to enable use of
the floristic lists previously published in Arroyo
et al. (1995) which correspond to species-level
Conservation criteria: species richness counts. Following Veech (2000), we calculated
the Relative Richness Index (RRI) as per Bowers
In order to evaluate the species packing efficienc& McLaughlin (1982) for all data points used in
of areserve, a measure of relative species richnessnstructing the regression line. RRI is obtained
is required that takes into account that speciesom the regression residuals expressed as a
richness does not increase linearly with size opercentage of the expected number of species for
area. The efficiency of SN Yerba Loca inthe size of the land area of a reserve (c.f., Bowers
concentrating species richness was evaluated ByMcLaughlin 1982, Veech 2000):
comparing the number of species contained in the
reserve in relation to the expected number of S,.cS
species for the reserve land area as predicted from RR| =————x 100
a regional species-area curve. Previous work for
a wider area of central Chile (mediterranean area
in general) showed that species richness is stronglyhere  $ _is observed species richnesg Ss
linearly correlated with area under the poweexpected species richness.
function (Arroyo et al. 1995, Cowling et al. 1996).
In order to evaluate the species richness capacity
of SN Yerba Loca, we constructed a new specieonservation criteria: endemism
area curve for the area comprising the Fifth and
Metropolitan regions. The data used to construckhe efficiency of SN Yerba Loca in concentrating
the new curve comprised: (a) current estimates @nhdemic taxa was evaluated by comparing levels
species richness for the Fifth and Metropolitarof endemism in the reserve with those in the floras
Regions obtained from the Chilean species dataf the Metropolitan-Fifth regions combined and
base (see above); (b) species numbers for thiee Metropolitan Region. Four endemism categories
Valparaiso area, Marga Marga Valley, Santiagwere considered: (a) taxa restricted in distribution
Valley and Quebrada de La Plata as in Arroyo o continental Chile; (b) taxa restricted in
al. (1995); (c) a published species list for Monudistribution to administrative regions Fourth
mento Nacional El Morado (hereafter MN Elthrough Eigth; (b) taxa restricted in distribution to
Morado) (Teillier et al. 1994) and the new datahe Metropolitan and Vth regions combined; (c)

exp

TABLE 1

Comparison of species richness (species and subtaxa) and life-form composition for the native
vascular plant floras of the SN Yerba Loca, Metropolitan Region, 33° S, the Metropolitan and
Fifth regions combined, and the Metropolitan Region, Chile

Comparacion de la riqueza de especies (especies y subtaxa) y composicién en términos de forma de vida de las
floras vasculares nativas del SN Yerba Loca, Region Metropolitana, 33° S, regiones Metropolitana y Quinta
combinadas, y la Region Metropolitana, Chile

SN Yerba Loca Metropolitan Metropolitan-Fifth
Life-form n % n % n %
Annual and biennials 105 21.0 301 21.0 361 19.6
Perennial herbs 278 55.6 801 55.8 1,038 56.4
Shrubs and subshrubs 109 21.8 295 20.6 394 21.4
Trees 8 1.6 37 2.6 48 2.6

Total native flora 500 1,434 1,841
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taxa restricted in distribution to the Metropolitanendemics, Mediterranean endemics and non-
Region. Taxa (species, or subtaxa) restricted iandemic native taxa. The subset of Metropolitan-
distribution to continental Chile will be referred toFifth regions combined and Metropolitan Region
as “Continental Chile endemics”. Taxa restrictecendemics were not considered in this analysis, in
in distribution to Chile and the area described byhat all species on the criteria used here, have the
administrative regions IV-VIII will be referred to same distributional ranges (one administrative
as “Mediterranean endemics”. These lastegion). Use of the number of administrative
administrative regions were chosen as a surrogategions gives an approximate measure of range
for the mediterranean-type climate region baseslize, in that there is considerable variation in the
on their close fit to the latitudinal limits of the size of the individual administrative regions in
mediterranean-climate area as defined by Va@hile. However, when comparisons are made for
Husen (1967) (30-38° S) and the availability okubsets of flora from the same general
accurate species lists at the level of Chile’geographical area, as is the case here, this variation
administrative regions in the Chilean flora datds of little relevance, in that species in the areas
base (University of Concepcion). It should be notedompared are drawn from the same regional
that taxa endemic to the Metropolitan Regiorspecies pool, and thus will be subject to the same
constitute a subset of the Metropolitan-Vth regiontevel of error. The number of administrative
combined endemicsyhich in turn are a subset of regions occupied by a species in Chile is useful as
the Mediterranean endemics. Mediterranean comparative measure of geographical range in
endemics comprise a subset of the Continental Chitee absence of more accurate distributional data,
endemics. Endemism status at the level of contineim that it provides a rough measure of the latitudi-
tal Chile was determined by consulting thenal range.Statistical comparisons of range size
geographical distributions of species in monographiamong the floras were made using the non-
treatments, and checking the recently publishegdarametric Mann-Whitney U-test (Statistica
checklists for neighboring or geographically-closé/ersion 6.0, 1998 version).
Argentina (Zuloaga et al. 1994, Zuloaga & Morrone
1996, 1999), Peru (Brako & Zarucchi 1993) and
Ecuador (Jorgensen & Ledn-Yafiez 1999). Subse@onservation criteria: marginally distributed
of mediterranean and regional endemics wergpecies
obtained by filtering distributional information
contained in the Chilean flora data base at the levé#Ve evaluated SN Yerba Loca’s contribution to
of Chile’s administrative regions. Statisticalconserving marginally distributed species by
comparisons of endemism levels for SN Yerba Locaonsidering presence in the reserve of species
with the regional floras were made using the G-tesvith northern and southern distributional limits
of independence (Sokal & Rohlf 1995). found within the Metropolitan-Fifth regions
combined, following the same criterion as used
for range size for determining distributional limits.
Conservation criteria: range size The percentages of marginally-distributed species
in SN Yerba Loca were then compared with
In order to determine whether the constituent taxeorresponding sets of data generated for the re-
in the SN Yerba Loca reserve are more narrowlgional floras using the G-test of Independence
distributed on average than species in the regi¢gSokal & Rohlf 1995). Subsets of species of
nal floras, we compared the range sizes of specids$fferent origins (endemic, non-endemic, etc.), as
and their subtaxa in the SN Yerba Loca, thevell as the entire native flora, were considered so
Metropolitan-Fifth regions combined and theas to detect differences between floristic
Metropolitan Region. The number ofcomponents.
administrative regions occupied by each taxa in
Chile was used as an index of range size. Following
Matthei (1995) and Arroyo et al. (2000), the VthConservation criteria: combined criteria
and Metropolitan Regions were amalgamated into
one composite region. The latter was considereroportional values provide a measure of the
appropriate so as to define a geographical ungropensity of a local flora to contain species of a
that is more equivalent to the other 1lgiven category (for example endemic species).
administrative regions in Chile, all of which spanHowever, low proportional values for any given
the breath of Chile from the Pacific Ocean to theategory of species, could be compensated by
Andean crest. Range size was calculatetdigher than average species richness. Absolute
separately for the subsets of Continental Chilexpected numbers of endemic species, numbers
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of species with marginal distributions and number¥erba Loca, the Metropolitan-Fifth regions
of species with shorter than average distributionsombined and the Metropolitan Region. The native
were estimated for an area the size of SN Yerbfdora of the Metropolitan-Fifth regions combined
Loca, and compared with observed numbers istands at 1,841 species and subtaxa, with the
the reserve. For endemism, the expected numbbfetropolitan Region housing 1,434 species and
of species in the different endemism classes wesubtaxa. Disregarding subtaxa reduces these last
obtained by multiplying the correspondingnumbersto 1,723 and 1,355 species, respectively.
percentages found in the Metropolitan RegionEliminating the nine taxa of tentative identity in
Fifth regions combined by the expected numbe8N Yerba Loca (n = 491), it can be seen that the
of species for SN Yerba Loca as obtained in theature reserve conservatively contains an
regression equation obtained under the proceduresitstanding 34 % of all native vascular plant taxa
described in Material and Methods, section (a). Aeported for the Metropolitan Region and 27 % of
parallel procedure was employed for northerrall vascular plants known for the Metropolitan-
and southern distributional limits. For range sizé=ifth regions combined. Present knowledge
we first determined the proportion of species irsuggests that the entire mediterranean climate
the regional flora with median to lower rangearea as described by regions IV-VIIl contains
sizes, and then multiplied this number by theround 3,160 native species and subtaxa. Again,
expected number of species for an area the size o$ing a conservative estimate for SN Yerba Loca,
SN Yerba Loca obtained from the regressionit can be seenthat SN Yerba Loca contains around
This number was compared for the observed6 % of the entire flora of the mediterranean area
number of taxa in SN Yerba Loca, having mediamf central Chile. The mediterranean region as
and lower range sizes, as per in the regional floralefined here, contains 2,864 species when subtaxa
Because our range size and endemism datae disregarded. Using a conservative estimate of
correspond to the species and subtaxa level, 480 species for SN Yerba Loca (i.e., eliminating
was necessary to adjust the predicted specig¢ise tentatively identified species from the total
number of SN Yerba Loca as obtained from thepecies number of 488), SN Yerba Loca can be
regression, so as to account for subtaxa. This wagen to house 17 % of the mediterranean region
achieved by multiplying the expected speciedlora.

number obtained in regression by the ratio (number

of species + subtaxa) / number of species as in the

observed data for SN Yerba Loca.
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species found in SN Yerba Loca, along with lif
form, endemism status and distribution accordi 0s L5 15 13 1.5
to administrative region. The identifications fi Loz {A)

eight species and one putative hybrid in t AL

Appendix 1 (nine taxa in total) are tentative.rig 2: Regional species-area relationship (power
Including the nine taxa, the native flora of SNfunction) based on data for the Fifth and
Yerba Loca is comprised of 500 species and thejjetropolitan regions of Chile. Sources of floristic
subtaxa. The total number of species in the resegata are indicated in the Methods section.
ve is 488, excluding 11 varieties or subspecies iRegression equation: Log S = 2.109 + 0.234 Log
cases where species are represented by one OrF = 99.718, P < 0.001,’R 0.934. Data
more varieties or subspecies (as AWesmia points for the two protected areas with available
papposa, Adiantum chilense, Bromus setifoliafloristic lists are indicated by the arrows.
Calcema”? ascender)s, Calce_olla”.a. qorymbosaRelacién regional entre riqueza de especies y area (funcion
Hypochaeris tenuifolia, Mustisia ilicifolia, M. de potencia) basada en datos para las regiones Quinta y
subulata, Oxalis compacta, SisyrinchiumMetropolitana de Chile. Se indican las fuentes de los datos
arenarium), and one putative hybridCistanthe floristicos en la seccion de Métodos. Ecuacion de regre-
arenariax) (total de subtaxa = 12). sién: Log S = 2,109 + 0,234 Log A, = 99,718; P <

Table 1 compares species richness and the Iif8,_001; R=0,934. Los datos correspondientes a las dos

. . areas protegidas en la Regién Metropolitana con listas
form composition for the native floras of SNy risticas disponibles estan indicados con flechas.
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Life-form composition in both regional floras with the Fifth Region, and the very low intrinsic
is diverse (Table 1) and not significantly differentrichness of the Santiago valley.
(G =0.532, NS). The life-form spectra of the SN
Yerba Loca flora does not differ statistically from
that of either regional flora (Metropolitan-Fifth Endemism
regions: G=1.140, P <0.05; Metropolitan Region:
G = 0.968, P < 0.05). This indicates that théable 3 provides endemism levels for SN Yerba
reserve’s flora is highly representative of the.oca and the regional floras. So as not to
regional life-form spectrum. overestimate endemism levels, the 9 taxa of
Figure 2 depicts the regional species-aretentative identity have been placed in the non-
relationship. The log-log regression is highlyendemic category (see Appendix 1). Endemism
significant (F ,=99.781, P <0.001,R 0.934), levels in the regional floras are high (44-48 %,
indicating that the curve can be used reliably asontinental Chile endemics; 29-31 %,
an indicator of the relationship between specieblediterranean endemics). Moreover significant
richness and area. Table 2 gives values of thmumbers of species are strictly endemic to the
Relative Richness Index (RRI) for areas used inegions under consideration (see Table 3). Conti-
the analysis, ranked from high positive to lownental Chile endemism levels are higher in the
negative values. It can be seen that RRI for SNetropolitan-Fifth regions combined than in the
Yerba Loca ranks highest among all the areasletropolitan Region (G = 5.832, P < 0.05),
compared, the reserve having an excess of 28 Bowever this pattern did not characterize the other
species in relation to the model. On a regionaédndemism categories.
scale, thus SN Yerba Loca supports outstanding Of the 883 continental Chile endemics in the
species richness in relation to its land area. Q¥letropolitan-Fifth regions combined, 173 (19.6
special note is the RRI value for MN Nacional El%) are found in SN Yerba Loca. Of the 575
Morado. This reserve situated in the Andes in th®editerranean endemics found there, 110 (19.1
Cajoén de Maipo to the south of SN Yerba Loca, if6) occur in SN Yerba Loca. Sixteen of the 193
contrast to SN Yerba Loca, is associated with apecies endemic to the Metropolitan-Fifth regions
large negative RRI value, and thus is an area @fombined (8.3 %) are found in the reserve.
low species richness for its particular land areaCorresponding figures in relation to the
Other interesting asides are the higher intrinsiMetropolitan Region flora are 27.6 %, 26.1 %,
richness of the Metropolitan Region in comparisorand 12.1 % respectively. The reserve contains 11

TABLE 2

Values of the Relative Richness Index (RRI) for different areas in the Fifth and Metropolitan
regions, central Chile, including the SN Yerba Loca and MN El Morado, based on the
regression equation in Fig. 2. Data correspond to species numbers, disregarding subtaxa. High
positive values of RRI indicate exaggerated species richness in relation to land area. Low
negative values indicate low average richness in relation to land area

Valores del indice de Riqueza Relativa (RRI) para diferentes areas en las regiones Quinta y Metropolitana, Chile
central, incluyendo el Santuario de la Naturaleza Yerba Loca y MN El Morado, basado en la ecuaciéon de regresion
en la Fig. 2. Los datos corresponden a riqueza de especies, sin contabilizar los subtaxa. Valores positivos altos de
RRI indican areas con una rigueza intrinseca exagerada con relacién al area. Valores grandes negativos indican una
riqueza muy baja con relacién al area

Area Species Land area (R Expected S RRI
SN Yerba Loca 488 105 382 27.7
Fifth-Metropolitan regions 1,723 31,538 1,452 18.7
Quebrada de La Plata 249 10 220 13.2
Metropolitan Region 1,355 15,507 1,229 10.3
Fifth Region 1,276 16,031 1,231 3.0
Valparaiso area 799 3,300 856 -6.7
MN EI Morado 245 30 285 -14.0
Marga Marga valley 457 450 537 -14.9
Santiago valley 654 4,000 895 -26.9

*Land area for the Fifth and Metropolitan regions as in CONAF-CONAMA-BIRF (1999)



CONTRIBUTION AND EFFICIENCY OF THE SANTUARIO DE LA NATURALEZA YERBA LOCA775

TABLE 3

Comparison of endemism levels (expressed as a percentage of total native flora, including
subtaxa) in the vascular plant floras of the SN Yerba Loca, Metropolitan Region, 33° S, the
Metropolitan and Fifth regions combined, and the Metropolitana Region, Chile. Nine taxa
with tentative identifications have been placed in the “non-endemic native” category.
Percentages en all cases in relation to total flora

Comparacion del nivel de endemismo (expresado en porcentaje del total de la flora nativa incluyendo subtaxa) en
las floras vasculares del SN Yerba Loca, Regiéon Metropolitana, 33° S, regiones Metropolitana y Quinta combinadas,
y Region Metropolitana de Chile. Los nueve taxa con identificaciones tentativas han sido incluidos en la categoria
de “nativa no endémica”. Los porcentajes en todos los casos guardan relacion con el tamafo de la flora total

Floristic component SN Yerba Loca Metropolitan Metropolitan-Fifth
(n = 500) (n=1,434) (n=1,841)
n % n % n %
Continental Chile endemics 173 34.6 627 43.7 883 48.0
Mediterranean endemics 110 22.0 422 29.4 575 31.2
Metropolitan-Fifth endemics 16 3.2 132 9.2 193 10.5
Metropolitan endemics 11 2.2 91 6.3 91 4.9
Non-endemic natives 327 65.4 807 56.3 958 52.0

of the 91 (12.1 %) strictly Metropolitan Regionmediterranean endemics =3, non-endemic natives
endemics. Although high proportions of the= 6). Range size distribution was not normal,
endemic taxa found in the regional floras occur ifiorcing the use of non-parametric statistics.
SN Yerba Loca, the reserve’s endemism levelSignificant differences between SN Yerba Loca
are significantly lower than in the two regionaland the two regional floras were revealed, with
floras: (a) Metropolitan-Fifth regions: continen-range size always being larger in the SN Yerba
tal Chile endemics: G = 28.800, P < 0.001Loca flora: (a) Metropolitan-Fifth regions
Mediterranean endemics: G = 16.883, P < 0.00kombined: total native flora: Z=6.534, P < 0.001;
Metropolitan-Fifth endemics: G = 31.425, P <Continental Chile endemics: Z=3.613, P <0.001;
0.001; (b) Metropolitan Region: continental Chi-Mediterranean endemics: Z = 9.138, P < 0.001;
le endemics: G =12.879, P <0.001; Mediterraneamon-endemic natives: Z = 3.611, P = 0.005; (b)
endemics: G = 10.565, P < 0.001; MetropolitanMetropolitan Region: total native flora: Z=4.765,
Fifth region endemics: G = 22.191, P < 0.001P <0.001; continental Chile endemics: Z =2.730,
Metropolitan Region endemics: G= 15.001, P € < 0.01; Mediterranean endemics Z = 8.042, P <
0.001. Inclusion of the nine taxa with tentative0.001; and non-endemic natives: Z = 2.834, P =
identifications did not alter these tendencies0.005. Summarizing, in general the reserve
Overall, thus, SN Yerba Loca, is not an are&ontains proportionately more species with larger
outstanding for its concentration of endemic taxarange sizes than the regional floras. The

distribution of range sizes for the SN Yerba Loca

and Metropolitan Region floras are shown in Fig.
Range size 3.

Taxa occurring in the two regional floras may be

distributed in one to 12 political regions with aMarginally distributed species

median value of four regions in each case. In both

regional floras, continental Chile endemics (rang&able 4 shows numbers of taxa in the
=1-10, median = 3) and mediterranean endemiddetropolitan-Fifth regions combined and the
(range = 1-5, median = 2), as expected, havidetropolitan Region with northern and southern
smaller geographical ranges than the overall flodistributional limits, respectively, together with
ra, while non-endemic natives tend to have theorresponding data for SN Yerba Loca. Marginal
largest distributions (range = 1-12; median = 5)populations of a large number of species in both
Comparing SN Yerba Loca and the two regionathe Metropolitan Region and the Metropolitan-
floras, in all but one case (continental ChileFifth regions combined are found at the latitude
endemics) the median values for range size wexd those regions (northern limits: 39-41 % -
higher in SN Yerba Loca (total flora = 5, southern limits: 26-31 %; Table 4, Total flora),
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Fig. 3: Frequency distribution of range size for the flora of SN Yerba Loca, 33° S, Chile and the
Metropolitan Region, Chile. Range size is represented as the number of administrative regions in which
a species occurs: black bars = Metropolitan Region; white bars = SN Yerba Loca. See Table 4 for n
values.

Distribucion de frecuencias del tamafio de rango de las floras de SN Yerba Loca, 33° S, Chile y la Region Metropolitana,

Chile. El tamafio del rango es representado por el nUmero de regiones en la cual existe una especie: barras negras = Region
Metropolitana; barras blancas = SN Yerba Loca. Ver Tabla 4 para los valores de n.

there being nevertheless significantly mored01 - continental Chilean endemics: G = 8.709, P
northern than southern distributional limits in< 0.005 — Mediterranean endemics: G = 6.847, P
both cases (Metropolitan-Fifth: G = 37.003, P < 0.01). The two regional floras thus show
001; Metropolitan: G = 60.252, P < 0.001).interesting structural differences, a feature that
Between 17-23 % of northern limit and 13-21 %probably relates to the presence of proportionately
of southern limit taxa in the two regional florasmore high elevation species in the Metropolitan
are found in SN Yerba Loca. These percentageRegion flora.
tend to be slightly lower when only endemic taxa Comparing the total native flora of SN Yerba
are considered, and somewhat higher when natiteca with the Metropolitan Region and the
non-endemic taxa are considered. Metropolitan-Fifth regions combined, the
Comparing the two regional floras, for allproportions of marginally distributed taxa
floristic components, significant differences inoccurring in the reserve are significantly lower
relation to the proportion of northern limits are(Metropolitan-Fifth, total flora: northern limit: G
lacking. In contrast, for southern limits, the=37.209, P <0.001 - southern limit: G = 50.441,
Metropolitan-Fifth regions combined exceed theP < 0.001; Metropolitan, total flora: northern
Metropolitan Region, except in the case of thdéimit: G =28.017, P < 0.001 - southern limit: G =
non-endemic natives (Total flora: G =12.351, P 21.462, P <0.001 ). This situation is repeated for
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TABLE 4

Comparison of numbers of taxa (species and their subtaxa) reaching their northern and
southern distributional limits found in the Santuario de la Naturaleza Yerba Loca,
Metropolitan Region, 33° S, the Metropolitan and Fifth regions combined, and the

Metropolitana Region, Chile. Nine taxa with tentative identifications in SN Yerba Loca have
not been included. Percentages calculated on the basis of the total for each floristic category

Comparacién del nimero de taxa (especies y subtaxa) que alcanzan sus limites de distribucién norte y sur en el
Santuario de la Naturaleza Yerba Loca, Region Metropolitana, 33° S, regiones Metropolitana y Quinta combinadas, y
Regién Metropolitana de Chile. Los nueve taxa con identificaciones tentativas en SN Yerba Loca no han sido

incluidas. Los porcentajes guardan relacion con el total para cada categoria florisitica

SN Yerba Loca Metropolitan Metropolitan-Fifth
n % n % n %
Total native flora 491 1,434 1,841
Northern limit 128 26.1 561 39.1 751 40.8
Southern limit 77 15.7 367 25.6 574 31.2
Continental Chile endemics 173 627 883
Northern limit 52 30.1 286 45.6 405 45.9
Southern limit 47 27.2 235 375 398 45.1
Mediterranean endemics 110 422 575
Northern limit 45 40.9 238 56.4 319 55.5
Southern limit 35 31.8 198 46.9 318 55.3
Non-endemic natives 318 807 958
Northern limit 76 23.9 274 34.0 346 36.1
Southern limit 30 9.4 132 16.4 176 18.4

all categories of endemic taxa in both regionathat the reserve becomes efficient from a
floras: (a): Metropolitan-Fifth: continental Chile conservation perspective on these criterion in
endemics: northern limit: G = 15.144, P < 0.001 addition to species richness. Table 5 compares
southern limit: G = 19.769, P < 0.001;expected andobserved numbers of taxa combining
Mediterranean endemics: northern limit: G =thethree criteria previously considered separately.
7.835, P < 0.01- southern limit: G = 20.627, P Because our species richness predictions were
0.001; (b) Metropolitan: continental Chile based on a curve for the general geographical
endemics: northern limit: G = 13.790, P < 0.001¢ircumscription of the Fifth and Metropolitan
southernlimit: G =6.492, P < 0.05; Mediterraneamegions, the endemism levels and other
endemics: northern limit: G = 8.371, P < 0.005 parameters used in the projections in Table 5 are
southern limit: G = 8.238, P < 0.005. It alsonecessarily those for the Metropolitan-Fifth
characterizes non-endemic native taxa: (ajegions combined. The expected number of
Metropolitan-Vth: northern limit: G=16.71P,< species and subtaxa for SN Yerba Loca
0.001- southern limit: G = 15.439, P < 0.001; (bYextrapolated from the expected number of
Metropolitan: northern limit: G = 11.073 < species) was 391. It can be seen (Table 5) that
0.001 - southern limit: G = 9.488, P < 0.001the high species richness of SN Yerba Loca
Thus, although a considerable number obrings the absolute number of Continental
marginally distributed taxa are found in SN Yer-Chilean endemics quite close to the regional
ba Loca, it may be concluded that the reservexpectation (92 %), although the deficit tends to
concentrates proportionately fewer marginallyoe larger in the more restricted endemism
distributed species than the regional floras. categories. For species with median or smaller
ranges (Table 5) the observed number is equal to
the regional expectation (100%). High species
Combined criteria richness least compensates the number of species
with northern or southern limits (81 and 63%,
As explained earlier, relatively low proportionsrespectively). Overall, the high species richness
of endemics and marginally distributed specien SN Yerba Loca goes along way to compensate
could be compensated for in absolute terms in for the lower contributions of categories of species
species-rich area such as SN Yerba Loca, sudwonsidered here to have high conservation priority.
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TABLE 5

Expected numbers of endemic taxa (species and their subtaxa), taxa with northern and
southern limits and taxa with short (median or smaller) geographical ranges for an area the
size of SN Yerba Loca, calculated from the regional regression and regional percentages
(Metropolitan-Fifth regions combined), compared with the observed values for the reserve

NUmero esperado de taxa (especies y subtaxa) endémicos, con limites norte y sur, y con rangos de distribucion
cortos (mediana o menor) para un area del tamafio del SN Yerba Loca calculados en base de la regresion regional y
los porcentajes al nivel regional (regiones Metropolitana y Quinta combinadas), comparados con los valores
observados para la reserva

Component Expected Observed O/E
Endemic species
Continental Chile endemics 188 173 0.92
Mediterranean endemics 122 110 0.90
Metropolitan-Fifth endemics 41 16 0.39
Metropolitan endemics 19 11 0.58
Marginal distributions
Northern limits 159 128 0.81
Southern limits 122 77 0.63
Median or smaller ranges 228 234 1.03
DISCUSSION expected, given that richness will be always be a

function of size of area. Based on these principles,
The native vascular flora of SN Yerba Loca ofSN Yerba Loca was revealed to concentrate an
500 native taxa, conservatively containing 27 andutstanding number of species for its land area.
34 % of the floras of the Metropolitan-Fifth regionsClearly, on the basis of the richness criterion and
combined and Metropolitan Region, respectivelyfrom a utilitarian point of view the reserve
and an estimate of 16-17 % of all speciesonstitutes an excellent conservation choice with
distributed in the Mediterranean-type climate areeegard to vascular plants. In contrast to SN Yerba
(Fourth to Eigth regions) is clearly very rich byLoca, the RRI value for MN El Morado was
any standard. The regional floras themselves, istrongly negative, indicating that this reserve has
the context of the central Chile hotspot, are alstow efficiency in terms of concentrating species.
very rich. Squeo et al. (2001), for a total land are@hese two contrasting situations support the
of 40,462 kn, report a total of 1,478 species anchypothesis that protected areas established on the
subtaxa for the Fourth Region of which 53.5 %basis of wild and scenic value will span the gamut
are continental Chile endemics. While theof situations from containing very high to low
endemism levels (43.7-48.0 %) are slightly lowetevels of species richness. Of course, we recognize
in the regional floras considered here, intrinsichat our sample size is very limited at this stage
species richness (1,434 species and subtaxa omm@d that it would be convenient to perform this
land area of 15,480 kifRM) and 1841 species analysis on a broader set of protected areas —
and subtaxa on 31,794 RrfRM-Fifth) is clearly however, this is the only data available for the
much higher in the north-central part of thestudy area at this stage.
Mediterranean area thanin the arid Fourth RegionOn face value, SN Yerba Loca could be
to the north. What is more relevant in the preserdonsidered a “hotspot” and MN EI Morado a
context, however, is the efficiency of the SN“coldspot” within the Metropolitan Region (c.f.,
Yerba Loca in concentrating species richness iWeech 2000). However it is important to separate
relation to its land area. Reserves that containa utilitarian view of the efficiency of a piece of
high number of species in relation to the amouniand in concentrating richness, as has been the
of land area protected can be considered to haweain focus of this paper and that of Veech (2000),
high conservation value (Margules et al. 1988from the issue of underlying intrinsic richness.
Araujo 1999). The use of regression residual¥he wide elevational range, presence of steep,
expressed as a percentage of expected specggposite and mainly north-south facing valleys,
richness (standardized residuals - Veech 200@nd two large areas of wetlands undoubtedly
(RRI) constitutes the only legitimate way tocontribute strongly to the high species richnessin
establish whether a given area is richer thaBN Yerba Loca. The low efficiency of MN El



CONTRIBUTION AND EFFICIENCY OF THE SANTUARIO DE LA NATURALEZA YERBA LOCA779

Morado, on the other hand, reflects its higheBN Yerba Loca excels in terms of efficiency in
average elevation, and the much lower elevation&lousing species, the reserve was found to be less
range covered by the reserve (Teillier etal. 1994notable in terms of concentrating outstanding
Bowers & McLaughlan (1982) studied thenumbers of endemic species, species with margi-
influence of area, elevational range (and collectingal distributions and species with smaller
effort) for twenty local floristic lists in the state geographical ranges. Nevertheless, it was seen
of Arizona, USA. These authors came to thehat the outstanding species richness in the reser-
conclusion that elevational range was a muckie compensated the absolute numbers of species
better predictor of species richness than area. in these categories to a large extent, thus
their study, elevational range and collecting effortvarranting the conclusion that SN Yerba Loca is
accounted for 77 % of the variation in specieslso a fairly efficient reserve on the basis of these
richness. If SN Yerba Loca were a fairly flat piececriteria. The generally lower percentages of
of land, undoubtedly it richness would descen@&ndemic taxa in the reserve suggest that greater
considerably. While SN is clearly an excellenttoncentrations of endemic taxa will be found at
conservation choice in relation to the regionalower elevations in central Chile. Undoubtedly,
average for its land area, it would be unadvisablthe large component of high alpine species in the
at this stage to assume that is a true hotspot withreserve has a strong influence on all categories of
the Metropolitan Region. Likewise, MN El Mora- endemism. In general, a large proportion of the
do might not be a cold spot in relation to othehigh Andean flora is shared with eastern slopes of
areas in the high Andes in the Metropolitarthe Andes in Argentina, thus lowering the
Region. Before any conclusion of exaggerated grercentage of endemism rate of reserves situated
lower than average intrinsic richness can bén the high Andes (on the continental Chile
accepted, additional studies of areas coveringriterion used here). For conservation assessments
similar elevational ranges in the Andes in thet would be preferable to eliminate the traditional
Metropolitan Region will be necessary. Thisendemism concept and replace it for some
brings home the related point that the detection afuantitative measure of the size of a species
relative richness will always be conditioned bydistribution (c.f., Gaston 1994). In this study a
the data available. Each time a new area is addéidst step in that direction was taken by employing
to the species-area regression, the RRI values af crude measure of range size (number of
individual areas can expect to change somewhadministrative regions occupied). Range size
Clearly, access to a stable regression equationniseasured this way was generally larger in the SN
essential for reaching solid conclusions. It isrerba Loca flora than in the regional floras. Our
presently unknown how much raw floristic dataresults provide the first quantitative data
will be necessary to produce a stable species-arsaggesting that components of the high Andean
relationship in central Chile. flora have larger geographical ranges than low
We argued that a well placed reserve will be onelevation species in central Chile. Such atendency
that concentrates a high number of endemic tax# not unexpected, given that the high alpine area
high numbers of narrowly distributed speciespf the Andes forms a fairly continuous corridor
and high numbers of species with marginahlong which species can migrate with ease from
populations. Endemic taxa can be considered r@orth to south. To advance in this general area of
region’s unique biodiversity. Narrowly distributed southern South American biogeography, floristic
species, whether endemic or not, in general wildlata for Argentina organized in electronic form is
be more vulnerable to severe anthropogenibadly needed.
disturbances outside reserves, and thus will be Our study of SN Yerba Loca invites additional
more prone to extinction (Holsinger & Gottlieb comments. That over a third of the native flora of
1991). Particularly, this will be the case if raritythe Metropolitan Region and over a quarter of that
is combined with limited range size (Gaston &of the Metropolitan-Fifth regions combined were
Kunin 1997). The conservation of representativéound in SN Yerba Loca on a land area equivalent
populations from a species entire geographic rande 0.7 and 0.3 % of the size of the regional areas
is an ideal conservation target. In particular, it isuggests that relatively small land areas can house
probably true to say that marginal populationgonsiderable plant biodiversity. These same data
tend to be overlooked. Marginal populations carsuggestrelatively low turnover inthe mediterranean
contain unusual genotypes, adapted to extrenflora of central Chile. In general mediterranean
conditions. Moreover, increasing attention isfloras tend to be characterized by much local
being given to marginal populations on accounéndemism (Cowling et al. 1996). The fairly large
of the role such populations could play undedistributional ranges of the species in the two
global climatic change (Arroyo et al. 1993). Whileregional floras, added to what appears to be low
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floristic turnover, suggests that local endemisnexisting protected areas beyond the Metropolitan
might be less evident in the Mediterranean-typ&egion. The latter is highly relevant for the
climate flora of central Chile in comparison withconservation of the mediterranean-type climate
most other Mediterranean-type climate areadlora of central Chile in general, where less than 5
Indeed, the proportion of regional endemics witl of the land area is contained in the state protected
more local distributions, is not particularly high.area system in comparison with 19 % for all of
Moreover, several generathat have not been revisedntinental Chile (Arroyo & Cavieres 1997).
taxonomically in recent times figure strongly A long range objective of our present research
among the more local endemics (e.¥iola). efforts concerns determining what proportion of
Chilean botany has been characterized by an excab® Mediterranean flora of central Chile occursin
of synonyms as a result of the earlier naturalistdhe national protected area system, and to what
sampling disjunct portions of continuous rangegxtent individual species’ geographical ranges
and giving them specific epithets. Thus a numbeare covered. We are also engaged in detecting
of the more local endemics could eventually turrareas of high biodiversity content on the landscape
out to be artifacts of taxonomy. This suggests theutside existing reserves so as to allow objective
hypothesis that endemism in the Mediterraneadecisions in central Chile insofar as the establish-
area of central Chile might be more stronglyment of new protected areas is concerned (c.f.,
conditioned by the strength of the Andean barrie€astro-Parga et al. 1996, Williams 1996, Araujo
than rapid local evolution or adaptation to particu1999). These goals are being pursued at different
lar edaphic conditions. Arroyo et al. (1995)spatial scales: individual political regions,
previously showed that the oceanic climate o€limatic divisions with the Mediterranean area
central Chile is associated with a strongly woodynd Mediterranean area as a whole. In this context,
Mediterranean flora containing many signs ofsome preliminary comments concerning the
evolutionary conservatism. The Mediterraneaneonservation status of the vascular plant flora of
type climate area also has significantly fewer annuahe Metropolitan Region can now be made. The
species compared with climatically-similarMetropolitan Region contains four national
California (Arroyo et al. 1995). Additionally, in protected areas: SN Yerba Loca, MN Nacional El
relative terms, it has already been shown tha¥orado, Reserva Nacional Rio Clarillo (all in the
intrinsic species-richness in central Chile is loweAndes) and Reserva Nacional Robleria de Loncha
than in other Mediterranean-type climate areaén the Coast Range). These reserves comprise a
(Arroyo et al. 1995, Cowling et al. 1996). mere 1.9 % of the area of the Metropolitan Region.
Demonstration of lower levels of local endemisniThus far (including the present results) reliable
would constitute another expression of evolutionaryioristic surveys are available for two of the four
conservatism in the Chilean Mediterranean floraprotected areas. Table 6 amalgamates floristic
Low turnover and the presence of fairly largenformation for SN Yerba Loca and MN EI Mora-
geographic ranges in many species, of course, #®, which together comprise 0.9 % of Metropolitan
positive from a conservation viewpoint, since manyregion land area. Conservatively, 39 % of the
individual species found in a reserve like SN Yerknown native vascular plant flora of the
ba Loca will have a high chance of falling intoMetropolitan Region (and 30% of the flora of the

TABLE 6

Joint contribution of the floras of SN Yerba Loca and MN El Morado to the conservation of

the native flora of the Metropolitan Region, Chile. The estimate does not take into account

species of tentative identity in each reserve, and thus is conservative. See text for more
details

Contribucién en conjunto de las floras de SN Yerba Loca y MN El Morado a la conservacion de la flora nativa de la
Regién Metropolitana, Chile. La estimacion no toma en cuenta especies de identidad tentativa en cada reserva, y por
lo tanto es conservativa. Ver texto para mas detalles

Protected area Number of species and subtaxa Species (%)
SN Yerba Loca and MN EI Morado, shared 171 30.6

SN Yerba Loca only 320 57.2

MN EI Morado only 68 12.2

Total taxa in the two protected areas 559

Percent MR flora in two reserves 39.0
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APPENDIX 1

Native vascular plant flora (total number of species = 500) of the Santuario de la Naturaleza
Yerba Loca, Metropolitan Region, 33° S, Chile: CCE: continental Chile endemic; MED:
Mediterranean endemic (restricted to IV-VIII regions); MET-V: endemic to Metropolitan-
Fifth regions combined; MET: endemic to Metropolitan Region; LF: life form (A = annual, B
= biennial, H = perennial herb, S = subshrub, K = cactus, F = shrub, T = tree); DIS:
distribution according to presence in administrative regions of continental Chile (A = Tenth
Region, B = Twelve Region, C = Thirteenth Region)

Plantas vasculares nativas (niumero total de especies = 500) en el Santuario de la Naturaleza Yerba Loca, Regi6n
Metropolitana, 33° S, Chile: CCE: endémico a Chile continental; MET: endémico en la zona mediterranea (regiones
IV-VIIl); MET-V: endémico en las regiones Metropolitana-Quinta combinadas; MET: endémico en la Regién
Metropolitana; LF: forma de vida (A = hierba anual, B = hierba bianual, H = hierba perenne, S = subarbusto, K =
cactus, F = arbusto, T = arbol); DIS: distribucién segun presencia en las regiones administrativas de Chile

continental (A = Décima Region, B = Duodécima Regién; C = Décimo tercera Region)

CCE MED MET-V MET LF Species Family Distribution
T Acacia caver(Molina) Molina Mimosaceae 345M6789A
H Acaena alpinaPoepp. ex Walp. Rosaceae 5M6789A
HS Acaena magellanicgLam.) Vahl Rosaceae 12345M789ABC
H Acaena patagonica.Marti. affin. Rosaceae (M)
H Acaena pinnatifideRuiz et Pav. Rosaceae 45M6789ABC
H Acaena splendenidook. et Arn. Rosaceae 45M67
™ ™ H Adesmia brachysemedhil. Papilionaceae M678
. . H Adesmia brevivexillat8urkart Papilionaceae 5M8
A Adesmia capitellatdClos) Hauman Papilionaceae 345M
™ ™ ™ n H Adesmia codonocaly@randjot Papilionaceae M
n n F Adesmia confus&/libarri Papilionaceae 45M6
H Adesmia coronilloide$illies ex Hook. et Arn. Papilionaceae M7
H Adesmia exililos Papilionaceae 4M67
™ ™ ™ n H Adesmia germainiPhil. Papilionaceae M
H Adesmia glomerul€los var. glomerula Papilionaceae M789
F Adesmia gracilisvieyen ex Vogel Papilionaceae am7
. . H Adesmia longiset®C. Papilionaceae M68
™ ™ H Adesmia montan&hil. Papilionaceae am
H Adesmia papposéLag.) DC. var. papposa Papilionaceae 45M6789
H Adesmia papposéLag.) DC. var. radicifolia (Clos) M.N.Correa Papilionaceae 45M678
™ A Adesmia tenelldiook. et Arn. var. tenella Papilionaceae 2345M6
H Adiantum chilens&aulf. var. chilense Adiantaceae 1345M6789ABC
H Adiantum chilens&aulf. var. hirsutum Hook. et Grev. Adiantaceae 12345M678
H Adiantum scabrunKaulf. Adiantaceae 5M6789A
H Adiantum sulphureuriaulf. Adiantaceae 45M6789AB
n n H Agoseris chilensigLess.) Greene Compositae 45M6
H Alonsoa meridionaligL.f.) Kuntze Scrophulariaceae 45M678
. . H Alstroemeria ligtuL. subsp. simsii (Spreng.) Ehr.Bayer Alstroemeriaceae 5M67
. . . H Alstroemeria pallidaGraham Alstroemeriaceae 5M
™ H Alstroemeria revolutRuiz et Pav. Alstroemeriaceae 5M6789
™ ™ H Alstroemeria umbellatdeyen Alstroemeriaceae am
A Amsinckia calycingMoris) Chater Boraginaceae 1245M6789ABC
H Anagallis alternifoliaCav. var. alternifolia Primulaceae 2345M6789ABC
. . F Anarthrophyllum cumingi{Hook. et Arn.) F.Phil. Papilionaceae 45M67
F Anarthrophyllum gayanungA.Gray) B.D.Jacks. Papilionaceae aMm
™ ™ H Anisomeria coriaced.Don Phytolaccaceae 45M67
H Antennaria chilensig.Remy Compositae 45M78C
H Apium prostratunLabill. ex Vent. Umbelliferae 234M8ABC
H Arenaria digynaD.F .K.Schitdl. Caryophyllaceae 12345M6789ABC
A Argemone hunnemann@tto et A.Dietr. Papaveraceae 2345M67
. . H Argylia adscenden®C. var. adscendens Bignoniaceae 45M
FT Aristotelia chilensisMolina) Stuntz Elaeocarpaceae 45M6789AB
H Armeria maritima(Mill.) Willd. Plumbaginaceae 45M6789ABC
S Astragalus chamissoni/ogel) Reiche Papilionaceae 345M6789
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APPENDIX 1 (continuation)

CCE MED MET-V MET LF Species Family Distribution
H Astragalus darumbiuniBertero ex Colla) Clos Papilionaceae M6
H Astragalus looseri.M.Johnst. Papilionaceae 45M6
n ™ n ™ HK Austrocactus spiniflorugPhil.) F.Ritter Cactaceae M
™ . T Azara petiolaris(D.Don) I.M.Johnst. Flacourtiaceae 45M678
S Azorella madreporiceClos Umbelliferae 345M679
H Azorella trifoliolata Clos Umbelliferae 34M89ABC
n F Baccharis confertifoliaColla var. confertifolia Compositae 345M
F Baccharis linearis(Ruiz et Pav.) Pers. subsp. linearis Compositae 345M6789A
n ™ F Baccharis paniculatdDC. Compositae 45M78
H Baccharis pingraedDC. Compositae 2345M6789A
™ . F Baccharis poeppigian®C. subsp. poeppigiana Compositae 45M
F Baccharis sagittaligLess.) DC. Compositae 1345M6789AB
H Barneoudia ballianaBritton Ranunculaceae aM
H Barneoudia chilensisay Ranunculaceae 45M
H Barneoudia majorPhil. var. major Ranunculaceae 5M6
H Belloa chilensigHook. et Am.) J.Remy Compositae M678
™ F Berberis actinacantha/art. Berberidaceae 245M6789
F Berberis empetrifolidlam. Berberidaceae 45M6789ABC
F Berberis montan&ay Berberidaceae 5M6789A
H Blechnum hastaturaulf. Blechnaceae 45M6789A
A Bowlesia incanaRuiz et Pav. Umbelliferae 245M678
H Bowlesia tropaeolifoliaGillies et Hook. Umbelliferae 1245M6789ABC
™ . A Bowlesia uncinatColla Umbelliferae 45M678
A Bromus berterianu€olla Gramineae 12345M6789
H Bromus burkartiMufioz Gramineae M9
AH Bromus catharticud/ahl Gramineae 12345M6789ABC
H Bromus cebadillaSteud. Gramineae 1245M6789AC
H Bromus lithobiusTrin. Gramineae 45M789ABC
H Bromus setifolius).Pres| var. brevifolius Nees Gramineae 345M6789BC
H Bromus setifoliug).Presl var. pictus (Hook.f.) Skottsb. Gramineae MC
H Bromus setifolius).Presl var. setifolius Gramineae 34M678C
FT Buddleja globosaHope Buddlejaceae 1345M6789A
H Caiophora coronatgGillies ex Am.) Hook. et Arn. Loasaceae 2345M8
™ . H Caiophora espigneirdGay) Urh. et Gilg Loasaceae M67
H Calandrinia affinisGillies ex Arn. Portulacaceae 45M67
H Calandrinia caespitos&illies ex Arn. Portulacaceae 345M79C
n A Calandrinia compress&chrad. ex DC. Portulacaceae 145M6789A
A Calandrinia monandrgRuiz et Pav.) DC. Portulacaceae 5M6789AC
™ . H Calceolaria arachnoidedraham subsp. nubigena (Poepp.) Ehrhart Scrophulariaceae 45M6
n ™ F Calceolaria ascendend.indl. subsp. ascendens Scrophulariaceae 45M
™ . F Calceolaria ascendend.indl. subsp. glandulifera (Witasek) Ehrhart Scrophulariaceae 45M6
™ . H Calceolaria corymhos®uiz & Pavon subsp. mimuloides (Clos) Ehrhart  Scrophulariaceae 45M
™ . H Calceolaria corymbos®uiz & Pavon subsp. santiagina Ehrhart Scrophulariaceae 5M6
H Calceolaria filicaulis Clos subsp. luxurians (Witasek) Ehrhart Scrophulariaceae 45M6
™ H Calceolaria glandulos@oepp. ex Benth. subsp. glandulosa Scrophulariaceae 345M67
™ . F Calceolaria hypericinaPoepp. ex Benth. Scrophulariaceae 45M6
™ . F Calceolaria meyenian®hil. subsp. meyeniana Scrophulariaceae 5M67
n ™ H Calceolaria nudicaulisBenth. Scrophulariaceae 5M6
n ™ H Calceolaria petioalarisCav. Scrophulariaceae 45M67
™ n S Calceolaria polifolia Hook. Scrophulariaceae 45M
n ™ n H Calceolaria purpureaGraham Scrophulariaceae 5M
n ™ F Calceolaria segethiPhil. Scrophulariaceae 45M
™ n F Calceolaria thyrsifloraGraham Scrophulariaceae 5M67
A Callitriche antarcticaEngelm. ex Hegelm. Callitrichaceae MC
A Callitriche lechleri (Hegelm.) Fassett Callitrichaceae 5M689AC
A Callitriche terrestrisRaf. subsp. turfosa (Bertero ex Hegelm.) Bacigalupo Callitrichaceae 25M6789AB
n ™ H Calopappus acerosulleyen Compositae 45M67
H Caltha sagittataCav. Ranunculaceae 4M6789ABC
™ . A Calycera sessilifloraPhil. var. sessiliflora Calyceraceae 45M
H Cardamine cordatBarnéoud var. cordata Cruciferae 4M689A
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CCE MED MET-V MET LF Species Family Distribution
H Cardamine glacialis(G.Forst.) DC. Cruciferae 34M78ABC
H Carex andinaPhil. Cyperaceae 45M789C
H Carex atropictaSteud. Cyperaceae 345MBC
H Carex banksiBoott Cyperaceae 5M6789ABC
H Carex maclovianal'Urv. var. thermarum (Phil.) Kk. Cyperaceae 5M78
H Carex nebularunPhil. Cyperaceae M8
. H Carex setifoliakunze ex Kunth var. berteroana (E.Desv.) Gunckel Cyperaceae 45M679
n S Centaurea chilensisfook. et Arn. var. chilensis Compositae 345M6
H Cerastium humifusuntambess. Caryophyllaceae 245M
F Cestrum parquiL'Hér. Solanaceae 12345M6789A
. ™ . H Chaetanthera apiculatd).Remy) F.Meigen Compositae 5M
A Chaetanthera euphrasioidg®C.) F.Meigen Compositae 45M67
™ n A Chaetanthera flabellatd.Don Compositae 5M7
. A Chaetanthera glabratdDC.) F.Meigen Compositae 2345M
. ™ S Chaetanthera glandulosd.Remy Compositae 45M
. A Chaetanthera lineari®oepp. ex Less. var. linearis Compositae 345M6
H Chaetanthera lycopodioidel.Remy) Cabrera Compositae 45M
A Chaetanthera microphyll§Cass.) Hook. et Arn. Compositae 5M678
™ A Chaetanthera moenchioiddsess. Compositae 245M6789
H Chaetanthera pentacaenoid¢Bhil.) Hauman Compositae M
™ n A Chaetanthera planiset€abrera Compositae am
A Chaetanthera pusilldD.Don) Hook. et Am. Compositae aM
. ™ . ™ H Chaetanthera renifoligJ.Remy) Cabrera Compositae M
H Cheilanthes glaucdCav.) Mett. Adiantaceae 45M6789AB
H Cheilanthes hypoleucéKunze) Mett. Adiantaceae 2345M6789
H Chenopodium ambrosioidds Chenopodiaceae 12345M6789A
A Chenopodium frigidunPhil. Chenopodiaceae 1234M
A Chenopodium philippianurellen Chenopodiaceae 45M67
n S Chiropetalum berterianun$chitdl. var. berterianum Euphorbiaceae 345M79
H Chloraea disoideg.indl. var. picta (Phil. ex Kraenzl.) M.N.Correa Orchidaceae 4M6
. ™ S Chorizanthe paniculat8enth. Polygonaceae 45M6
F Chuquiraga oppositifolieD.Don Compositae 45M67
. HF Cissarobryon elegankunze ex Poepp. Vivianiaceae 5M6789
A Cistanthe arenarigCham.) Carolin ex Hershk. Portulacaceae 345M6789
A Cistanthearenaria (Cham.) Carolin ex Hershk. (hybrid x ?) Portulacaceae (M)
H Cistanthe frigida(Barnéoud) Peralta Portulacaceae 345M
. H Cistanthe grandiflora(Lindl.) Schitdl. Portulacaceae 12345M678
A Clarkia tenella(Cav.) F.H.Lewis et M.R.Lewis subsp. tenella Onagraceae 45M6789A
F Colletia hystrixClos Rhamnaceae 345M6789AB
F Colliguaja integerrimagGillies et Hook. Euphorbiaceae 45M67BC
. F Colliguaja odoriferaMolina Euphorbiaceae 2345M67
. ™ F Colliguaja salicifolia Gillies et Hook. Euphorbiaceae 45M78
A Collomia biflora (Ruiz et Pav.) Brand Polemoniaceae 5M6789ABC
H Colobanthus lycopodioideSriseb. Caryophyllaceae MC
H Colobanthus quitensifKunth) Bartl. Caryophyllaceae 12345M789ABC
™ H Convolvulus chilensi®ers. Convolvulaceae 2345M68
H Convolvulus demissuShoisy Convolvulaceae am7
. ™ H Conyza arabidifolial.Remy Compositae 5M6
AH Conyza floribund&unth Compositae 45M6789A
H Cortaderia araucandStapf var. araucana Gramineae 45M6789AB
F Corynabutilon hicolor(Phil. ex K.Schum.) Kearney Malvaceae M
. ™ F Corynabutilon ceratocarpurfHook. et Am.) Kearney Malvaceae 5M6
AH Cristaria dissectaHook. et Arn. var. dissecta Malvaceae 12345M6
. ™ A Cryptantha alfalfalis(Phil.) .M.Johnst. Boraginaceae M6
. ™ H Cryptantha alyssoide§A.DC.) Reiche Boraginaceae 5M67
H Cryptantha capituliflora(Clos) Reiche Boraginaceae 45M
. A Cryptantha glomeratd.ehm. ex Fisch. et C.A.Mey. subsp. glomerata Boraginaceae 1245M68
. AH Cryptantha involucrataPhil.) Reiche Boraginaceae 34M
n A Cryptantha linearis(Colla) Greene Boraginaceae 245M67
™ A Cuscuta chilensigker-Gawl. Cuscutaceae 12345M6789A
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CCE MED MET-V MET LF Species Family Distribution

H Cynanchum chilensgPhil.) Malme Asclepiadaceae 45M6

S Cynanchum nummulariifoliurkiook. et Arn. var. nummulariifolium Asclepiadaceae 45M6789A

H Cystopteris fragilis(L.) Bernh. var. apiiformis (Gand.) C.Chr. Woodsiaceae 145M6789ABC

A Deschampsia airiformigSteud.) Benth. Gramineae M9A

H Deschampsia cespitogd.) P.Beauv. var. cespitosa Gramineae 4MT79BC
n A Deschampsia looserianRarodi Gramineae 45M6789

A Descurainia cumingiangFisch. et C.A. Mey) Prantl. var. glabrescens (Speg.) O.E.Schulz - Cruciferae MA
™ . B Descurainia erodiifoliaPrantl ex Reiche Cruciferae 5M7

B Descurainia pimpinellifolia(Barnéoud) O.E.Schulz Cruciferae 345M

H Deyeuxia breviaristatdVedd. affin. Gramineae (M)

H Deyeuxia chrysostachyg.Desv. Gramineae 45M

H Deyeuxia curvuldedd. affin. Gramineae (M)

H Deyeusxia erythrostachyg.Desv. var. erythrostachya Gramineae M678AC
™ H Dioscorea humifus®oepp. var. humifusa Dioscoreaceae 45M789
n ™ H Dioscorea saxatilisPoepp. Dioscoreaceae 45M67
n ™ H Diposis bulbocastanurBC. Umbelliferae 45M6

F Discaria nana(Clos) Benth. et Hook.f. ex Weberb. Rhamnaceae 45M6789

FT Discaria trinervis (Gillies ex Hook. et Arn.) Reiche Rhamnaceae 345M67898

H Draba gilliesii Hook. et Arm. Cruciferae 45M789ABC

H Draba pusillaF.Phil. Cruciferae 4M67C

F Eccremocarpus scabdRuiz et Pav. Bignoniaceae 5M6789A
™ TK Echinopsis chiloensi¢Colla) Friedrich et G.D.Rowley Cactaceae 245M67

H Eleocharis albibracteatd\ees et Meyen ex Kunth Cyperaceae 1234M789ABC

H Eleocharis macrostachyBritton Cyperaceae 45M9AC

H Elymus angulatug.Presl Gramineae 2345M6789ABC

F Ephedra chilensiX.Presl Ephedraceae 2345M6789

F Ephedra frustillataMiers Ephedraceae MC

H Epilobium barbeyanunti.Lév. Onagraceae 345M678

H Epilobium glaucunPhil. Onagraceae 45M6789ABC

H Equisetum bogotenggunth Equisetaceae 145M6789AB

H Erigeron andicolaDC. Compositae 4M6789BC

S Erigeron gilliesii (Hook. et Am.) Cabrera Compositae M6789C

H Erigeron leptopetalushil. Compositae 34M78C
™ HK Eriosyce aurataPfeiff.) Backeb. var. aurata Cactaceae 345M
™ n HK Eriosyce curvispingBertero ex Colla) Katt. var. curvispina Cactaceae 45M67

H Eryngium paniculatunCav. et Dombey ex F.Delaroche Umbelliferae 45M6789A

F Escallonia alpinaPoepp. ex DC. var. carmelitana (Meyen) Acevedo et K&ismllloniaceae 5M678
™ . F Escallonia illinita K.Pres| var. illinita Escalloniaceae 45M678

FT Escallonia myrtoidedBertero ex DC. Escalloniaceae 45M678

F Escallonia virgata(Ruiz et Pav.) Pers. Escalloniaceae M789ABC

H Euphorbia collinaPhil. var. collina Euphorbiaceae am7

F Fabiana imbricataRuiz et Pav. Solanaceae 345M6789A

A Facelis retusalLam.) Sch.Bip. Compositae 245M689

H Festuca acanthophyll&.Desv. Gramineae 145M67

H Festuca magellanickam. Gramineae 4M789BC

H Festuca purpurascenBanks et Sol. ex Hook.f. Gramineae M89ABC
™ H Galium araucanunPhil. Rubiaceae 45M6789ABC

H Galium eriocarpumBartl. ex DC. Rubiaceae 45M678

H Galium gilliesii Hook. et Am. subsp. gilliesii Rubiaceae 45M6

H Galium hypocarpiun(L.) Endl. ex Griseb. subsp. hypocarpium Rubiaceae 245M6789AB
n ™ H Galium leptumPhil. Rubiaceae 4aM

S Galium philippianumDempster Rubiaceae 45M6

S Galium suffruticosunHook. et Arn. Rubiaceae 345M67

H Gamochaeta chamisson(®C.) Cabrera Compositae 5M789ABC

H Gamochaeta polyhotryéPhil.) Cabrera Compositae MBAC

H Gamochaeta spiciformifSch.Bip.) Cabrera Compositae 5M789ABC

F Gaultheria pumila(L.f.) D.J.Middleton var. leucocarpa (DC.) D.J.MiddletonEricaceae M789ABC

A Gayophytum humilé.Juss. Onagraceae 34M67

AH Gentiana sedifoli&unth Gentianaceae 1234M6789C

H Gentianella ottonigPhil.) Mufioz Gentianaceae M7
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. H Geranium commutaturBteud. Geraniaceae M7A
H Geranium core-coréSteud. Geraniaceae 12345M6789ABC
H Geranium sessiliflorunCav. Geraniaceae IM789ABC
. H Geranium submoll&Steud. Geraniaceae 5M689C
A Gilia crassifolia Benth. Polemoniaceae 2345M6
A Gilia laciniata Ruiz et Pav. Polemoniaceae 12345M6789AB
HS Glandularia laciniata(L.) Schnack et Covas Verbenaceae 5M6789
HS Glandularia sulphureaD.Don) Schnack et Covas Verbenaceae 345M9
A Gnaphalium aldunateoide3.Remy Compositae M689
H Gnaphalium cheiranthifoliuntam. Compositae 45M6789A
™ n A Gnaphalium diminutivunhil. Compositae M6
. ™ A Gnaphalium perpusillunPhil. Compositae aM
. ™ H Gnaphalium puberulundC. Compositae 5M6
n A Gnaphalium ulophyllunHook. et Arn. Compositae 45M789A
. F Gochnatia foliolosaD.Don) D.Don ex Hook. et Am. var. foliolosa Compositae 45M6789
F Guindilia trinervis Gillies ex Hook. et Arn. Sapindaceae 45M67(8)
n ™ F Gymnophyton isatidicarpurtK.Presl ex DC.) Mathias et Constance Umbelliferae 45M6
F Haplopappus anthylloide®eyen et Walp. Compositae M67
H Haplopappus arbutoided.Remy Compositae 45M67
F Haplopappus rotundifoliudd.M.Hall Compositae 5M
. ™ . ™ F Haplopappus schumann{Kuntze) G.Br. et W.D.Clark Compositae M
F Haplopappus scrobiculatuNees) DC. Compositae 45M6789
n ™ F Haplopappus uncinatufhil. Compositae 45M67
AH Helenium aromaticunfHook.) L.H.Bailey Compositae 45M67
. AB Helenium urmenetagPhil.) Cabrera var. urmenetae Compositae 234M
A Heliotropium paronychioided\.DC. Boraginaceae 45M6789A
. A Homalocarpus dichotomuoepp. ex DC.) Mathias et Constance Umbelliferae 345M6
. ™ A Homalocarpus nigripetalugClos) Mathias et Constance Umbelliferae 45M
. ™ H Hordeum chilens&®oem. et Schult. Gramineae 124M68C
H Hordeum comosurd.Presl Gramineae 2345M6789C
H Hydrocotyle modest€ham. et Schitd. Umbelliferae 5M6A
H Hydrocotyle ranunculoides.f. Umbelliferae 45M6789A
H Hypochaeris tenuifoligHook. et Am.) Griseb. var. clarionoides (J.Remy) Bortiri Compositae 45M
H Hypochaeris tenuifoligHook. et Arn.) Griseb. var. tenuifolia Compositae 5M679C
n H Hypochaeris thrincioide¢J.Remy) Reiche Compositae 45M678A
H Juncus arcticudWilld. var. andicola (Hook.) Balslev Juncaceae 234M8A
A Juncus bufoniug. Juncaceae 2345M6789ABC
H Juncus cyperoidekaharpe Juncaceae 45M6789ABC
H Juncus stipulatudlees et Meyen Juncaceae 12345M6789ABC
F Junellia scoparia(Gillies et Hook.) Botta Verbenaceae 45M6
F Junellia spathulatgGillies et Hook.) Moldenke var. spathulata Verbenaceae 45M67
™ n T Kageneckia angustifoli®.Don Rosaceae 45M67
. ™ T Kageneckia oblong&uiz et Pav. Rosaceae 45M678
S Laretia acaulis(Cav.) Gillies et Hook. Umbelliferae 345M67
. H Lathyrus subandinu®hil. Papilionaceae 5M789
. ™ . ™ H Lepidium reicheiPhil. ex Reiche Cruciferae M
A Lepidium strictum(S.Watson) Rattan Cruciferae 1235M789A
™ n H Leucheria bridgesiHook. et Am. Compositae 45M6
H Leucheria congest®.Don Compositae 45M
. ™ H Leucheria hieracioide€ass. Compositae 5M67
H Leucheria landbecki(Phil.) Reiche Compositae 45M6
H Leucheria rosed.ess. Compositae 5M67
H Leucheria salinagJ.Remy) Hieron. subsp. zoellneri Crisci Compositae 4M6
™ A Leucheria tenuid.ess. Compositae 5M69
. H Leucheria viscidaBertero ex Colla) Crisci Compositae 4M6789
n H Leucocoryne alliacediers ex Lindl. Alliaceae 45M6789
. ™ H Leucacoryne ixioidegSims) Lindl. Alliaceae 45M678
H Lilaeopsis macloviangGand.) A.W.Hill Umbelliferae 12345M89ABC
A Limosella australisR.Br. Scrophulariaceae 245M6789ABC
n T Lithrea caustica(Molina) Hook. et Arn. var. caustica Anacardiaceae 45M6789
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n ™ A Loasa floribundaHook. et Arn. var. floribunda Loasaceae 45M
™ A Loasa micranthaPoepp. Loasaceae M6789
n ™ A Loasa pallidaGillies ex Am. Loasaceae 45M
n ™ A Loasa prostrataGillies ex Arn. Loasaceae 45M6
™ . H Loasa sigmoidedJrb. et Gilg Loasaceae 45M7
H Lobelia oligophylla(Wedd.) Lammers Campanulaceae 12345M6789ABC
™ A Lotus subpinnatugag. Papilionaceae 2345M6789A
A Lupinus microcarpusSims Papilionaceae 12345M6789A
H Luzula racemosdesv. Juncaceae 45M6789ABC
F Lycium chilenseMiers ex A.DC. var. chilense Solanaceae 45M67
™ A Madia chilensis(Nutt.) Reiche Compositae 45M6789AC
A Madia sativaMolina Compositae 345M6789ABC
™ H Malacothamnus chilensi€Gay) Krapov. Malvaceae 345M67
A Malesherbia humiliPoepp. var. humilis Malesherbiaceae 2345M7
n ™ S Malesherbia linearifolia(Cav.) Pers. Malesherbiaceae 45M6
T Maytenus boariavolina Celastraceae 345M6789ABC
™ . H Melica argentataE.Desv. Gramineae 45M67
HF Melosperma andicol®enth. Scrophulariaceae 45M678
H Menonvillea hookerRollins Cruciferae M67
A Microsteris gracilis(Hook.) Greene Polemoniaceae 145M6789ABC
A Mimulus glabratusKunth Scrophulariaceae  12345M6789ABC
AH Mimulus luteud.. var. luteus Scrophulariaceae 345M6789AB
H Mirabilis prostrata (Ruiz et Pav.) Heimerl Nyctaginaceae 2345M67
A Montia fontanaL. Portulacaceae 45M678AC
H Montiopsis andicolgGillies ex Hook. et Am.) D.I.Ford Portulacaceae 45M678
A Montiopsis capitatgHook. et Arn.) D.I.Ford Portulacaceae 1345M678
H Montiopsis cistiflora(Gillies ex Arn.) D.l.Ford Portulacaceae 4M6789
A Montiopsis cumingi{Hook. et Arn.) D.I.Ford Portulacaceae 1245M
™ A Montiopsis demisséPhil.) D.I.Ford Portulacaceae 1345M
H Montiopsis gilliesii(Hook. et Arn.) D.I.Ford Portulacaceae 45M7
H Montiopsis potentilloidegBarnéoud) D.I.Ford Portulacaceae 45M
™ n A Montiopsis ramosissiméHook. et Arn.) D.I.Ford Portulacaceae 45M6
™ . H Montiopsis sericegHook. et Arn.) D.l.Ford Portulacaceae 45M7
™ A Montiopsis trifida(Hook. et Arn.) D.I.Ford Portulacaceae 12345M
n ™ A Moscharia pinnatifidaRuiz et Pav. Compositae 45M678
F Muehlenbeckia hastulatéSm.) 1.M.Johnst. var. hastulata Polygonaceae 345M6789A
SF Mulinum spinosun{Cav.) Pers. var. spinosum Umbelliferae 345M6789B
F Mutisia acerosaPoepp. ex Less. Compositae 45M678
™ F Mutisia canaPoepp. Compositae 345M
™ . F Mutisia ilicifolia Cav. var. decandolleana (Phil. ex Reiche) Cabrera Compositae 45M7
n ™ F Mutisia ilicifolia Cav. var. ilicifolia Compositae 45M678
™ . S Mutisia roseaPoepp. ex Less. Compositae 45M678
F Mutisia sinuataCav. Compositae 345M67
™ n S Mutisia subulataRuiz et Pav. f. rosmarinifolia (Poepp. et Endl.) Cabrera  Compositae 45M678
S Mutisia subulataRuiz et Pav. f. subulata Compositae 45M6789
A Myosurus apetalu§ay Ranunculaceae 4MC
F Nardophyllum lanatun{Meyen) Cabrera Compositae 345M6
HS Nassauvia aculeatéLess.) Poepp. et Endl. var. aculeata Compositae 5M6789
F Nassauvia axillarisLag.) D.Don Compositae 45M
H Nassauvia lagascaéD.Don) F.Meigen var. lagascae Compositae 45M679AC
n ™ n ™ H Nassauvia looserCabrera Compositae M
H Nassauvia pinniger®.Don Compositae 5M67
H Nassauvia pyramidalidleyen Compositae M678
H Nassella chilensigTrin.) E.Desv. Gramineae 245M6789
H Nastanthus spathulatuhil.) Miers var. spathulatus Calyceraceae M67
A Nicotiana acuminatgGraham) Hook. var. acuminata Solanaceae 345M678
A Nicotiana corymbosa.Remy Solanaceae 2345M7
n A Nicotiana miersiiJ.Remy var. miersii Solanaceae 345M
™ H Oenothera acauliCav. Onagraceae 45M6789A
™ . H Olsynium philippii(Klatt) Goldblatt subsp. philippii Iridaceae 45M6
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H Olsynium scirpoideuntPoepp.) Goldblatt subsp. scirpoideum Iridaceae 2345M6789
H Oreopolus glacialisPoepp.) Ricardi Rubiaceae M6789ABC
H Osmorhiza berteroDC. Umbelliferae 45M6789ABC
A Oxalis alfalfalis Phil. affin. Oxalidaceae (M)
H Oxalis cinereaZucc. Oxalidaceae 5M6
AH Oxalis compactdGillies ex Hook. et Arn. subsp. berteroana (Baméoud) Louriglidaceae 45M6
H Oxalis compacteGillies ex Hook. et Arn. subsp. compacta Oxalidaceae 345M67
H Oxalis hypsophilaPhil. Oxalidaceae 1234M
™ n S Oxalis incanaPhil. Oxalidaceae M67
™ n S Oxalis lineataGillies ex Hook. et Arn. Oxalidaceae 5M68
A Oxalis micranthaBertero ex Colla Oxalidaceae 245M6789A
H Oxalis penicillataPhil. Oxalidaceae 5M
™ A Oxalis rosealacq. Oxalidaceae 45M6789A
A Oxalis san-romaniiPhil. Oxalidaceae 34M6
H Oxalis squamat&ucc. Oxalidaceae M67
™ n H Oxalis succulentBarnéoud Oxalidaceae am
H Oxychloe bisexualiguntze affin. Juncaceae (M)
H Pasithea caerulegRuiz et Pav.) D.Don var. caerulea Hemerocallidaceae 2345M6789A
H Patosia clandestingPhil.) Buchenau Juncaceae 2345M789
A Pectocarya linearigRuiz et Pav.) DC. Boraginaceae 345M68
H Perezia carthamoidegD.Don) Hook. et Arn. Compositae 45M67
H Perezia nutand ess. Compositae 5M6789
n ™ H Perezia poeppigiLess. Compositae 45M67
A Phacelia brachyanth@enth. Hydrophyllaceae 45M6C
A Phacelia cumingii(Benth.) A.Gray Hydrophyllaceae 12345M6
H Phacelia secundd.F.Gmel. Hydrophyllaceae 145M6789ABC
H Phleum alpinunL. Gramineae 45M789ABC
H Phycella herbertiana.indl. Amaryllidaceae M67
™ n H Phycella scarlatinaRavenna Amaryllidaceae am
H Phylloscirpus acauligPhil.) Goetgh. et D.A.Simpson Cyperaceae 1234M789
™ n H Placea arzaePhil. Amaryllidaceae 5M6
A Plagiobothrys calandrinioidegPhil.) .M.Johnst. Boraginaceae M7C
A Plagiobothrys myosotoided.ehm.) Brand Boraginaceae 15M6789
H Plantago barbataG.Forst. subsp. barbata Plantaginaceae 345M6789ABC
H Plantago grandifloraMeyen Plantaginaceae 5M678
. A Plantago hispiduleRuiz et Pav. Plantaginaceae 12345M68
™ n ™ n H Poa acinaciphyllaE.Desv. Gramineae M
H Poa bonariensi{Lam.) Kunth Gramineae 2345M89
H Poa holciformisJ.Presl Gramineae 45M6789
H Poa resinulosa\ees et Steud. Gramineae mC
H Poa rigidifolia Steud. Gramineae MABC
™ n F Podanthus mitiquLindl. Compositae 45M678
A Polemonium micranthurBenth. Polemoniaceae 45MBC
H Polygala salasiangGay Polygalaceae 34M6789BC
. ™ . ™ H Polygonum bowenkampRhil. Polygonaceae M
. S Polygonum sanguinarid.Remy Polygonaceae 45M8B
H Polypogon australiBrongn. Gramineae 12345M6789AB
H Polystichum andinunihil. Dryopteridaceae M789ABC
. ™ FT Porlieria chilensis|.M.Johnst. Zygophyllaceae 45M6
H Pozoa coriaced.ag. Umbelliferae 45M6789
F Proustia cuneifoliaD.Don f. cuneifolia Compositae 145M678
. F Proustia ilicifolia Hook. et Arn. f. baccharoides (D.Don ex Hook. et Am.) Fafi@npositae 345M
H Pteromonnina pterocarpgRuiz et Pav.) B.Eriksen Polygalaceae 345M
H Puya alpestrigPoepp.) Gay Bromeliaceae 45M6789
. T Quillaja saponariaMolina Rosaceae 45M6789
H Quinchamalium chilensélolina Santalaceae 12345M6789AB
™ n H Quinchamalium parviflorunPhil. Santalaceae am7
H Ranunculus pedunculariSm. var. peduncularis Ranunculaceae 45M6789ABC
A Reyesia parvifloraPhil.) Hunz. Solanaceae 234M
H Rhodophiala rhodolirion(Baker) Traub Amaryllidaceae M67
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F Ribes cucullatuntook. et Arn. Saxifragaceae 5M689ABC
™ n F Ribes polyanthe®hil. Saxifragaceae M8
F Ribes punctatunRuiz et Pav. Saxifragaceae 45M6789A
H Rorippa austroamericandart.-Lab. Cruciferae 5MA
H Rytidosperma picturfiNees et Meyen) Nicora var. pictum Gramineae 45M6789AC
H Rytidosperma violaceurtE.Desv.) Nicora Gramineae 5M6789
H Rytidosperma virescen(&.Desv.) Nicora Gramineae 45M6789ABC
H Salpiglossis sinuat®uiz et Pav. Solanaceae 45M6789A
H Sanicula crassicauli®oepp. ex DC. Umbelliferae 45M6789A
H Sanicula graveolenBoepp. ex DC. Umbelliferae 45M6789B
™ . F Schinus montangPhil.) Engler Anacardiaceae 5M6
™ FT Schinus polygamgCav.) Cabrera var. parviflora (Marchand) F.A.Barkley ~Anacardiaceae 345M789A
A Schizanthus grahamillies ex Hook. Solanaceae M678
AB Schizanthus hooke@illies ex Graham Solanaceae 45M6789
n A Schizanthus pinnatuRuiz et Pav. Solanaceae 45M6789A
™ . ™ A Schizopetalon dentatufBarnéoud) Gilg et Muschl. Cruciferae 5M
H Scirpus asped.Presl et K.Pres| var. asper Cyperaceae 1234M7
H Scirpus deserticol@hil. Cyperaceae 1234M
H Scirpus macrolepihil. Cyperaceae amMC
™ n AB Scyphanthus elegarBweet Loasaceae 45M678
n ™ H Senecio adenotrichiubC. Compositae 45M
n ™ H Senecio bustillosianud.Remy var. bustillosianus Compositae 5M6
S Senecio clarioneifoliug.Remy Compositae 45M67
S Senecio crithmoideblook. et Arn. Compositae 45M7
n ™ n S Senecio daviladhil. Compositae 5M
S Senecio donianublook. et Arn. Compositae 45M
F Senecio eruciformid.Remy var. eruciformis Compositae 45M78
n ™ S Senecio farinifeHook. et Arn. Compositae 45M7
H Senecio fistulosuBoepp. ex Less. var. fistulosus Compositae 45M6789AB
F Senecio franciscPhil. Compositae 45M67
S Senecio laetevirenBhil. Compositae 5M
S Senecio linariifoliusPoepp. ex DC. var. heliophytoides (Phil.) Reiche Compositae M79AB
SF Senecio microphyllu®hil. Compositae 45M67
™ . S Senecio pentaphyllughil. Compositae M6
H Silene chilensi§Naudin) Bocquet Caryophyllaceae 4M6789AC
H Sisymbrium berteroanuRhil. affin. Cruciferae (M)
S Sisymbrium philippianun.M.Johnst. affin. Cruciferae (M)
H Sisyrinchium arenariunPoepp. subsp. adenostemon (Phil.) Ravenna Iridaceae 5M
H Sisyrinchium arenariunPoepp. subsp. arenarium Iridaceae 45M6789BC
H Sisyrinchium striatunsm. Iridaceae 45M6789
A Solanum furcatunDunal ex Poir. var. furcatum Solanaceae 12345M6789AB
F Solanum ligustrinunLodd. Solanaceae 45M678A
n ™ H Solaria miersioidesPhil. Alliaceae M78
H Solenomelus segeth(iPhil.) Kuntze Iridaceae 45M6789AC
H Solidago chilensig/eyen Compositae 1345M6789AB
H Stachys albicaulidindl. Labiatae 5M6789
™ H Stachys philippiand/atke Labiatae 45M89
H Stellaria chilensisPedersen Caryophyllaceae 1245M6789A
H Stemodia durantifoligL.) Sw. var. chilensis (Benth.) C.C.Cowan Scrophulariaceae 345M6789
H Stipa brevipe€.Desv. Gramineae MBC
H Stipa chrysophylle.Desv. var. chrysophylla Gramineae 12345M67C
H Stipa pogonatherd&.Desv. Gramineae 2345M7
H Stipa speciosdrin. et Rupr. Gramineae 12345M78
H Taraxacum gilliesiHook. et Am. Compositae MC
F Tetraglochin alatum(Gillies ex Hook. et Arn.) Kuntze Rosaceae 345M678
n F Teucrium hicolorSm. Labiatae 45M6789A
H Thlaspi magellanicunComm. ex Poir. Cruciferae 5M78BC
n ™ F Trevoa quinquenerviillies et Hook. Rhamnaceae 45M67
H Trifolium polymorphunPoir. Papilionaceae 2345M678A
™ . A Triptilion capillatum (D.Don) Hook. et Am. Compositae 45M6




792

ARROYO ET AL.

APPENDIX 1 (continuation)

CCE MED MET-V MET LF Species Family Distribution
H Trisetum caudulatunTrin. var. caudulatum Gramineae M78
H Trisetum cumingi(Nees ex Steud.) Parodi ex Nicora var. cumingii Gramineae M7AC
H Trisetum lasiolepiE.Desv. Gramineae M9AC
H Trisetum presle{Kunth) E.Desv. var. preslei Gramineae 34M
n H Tristagma bivalvglLindl.) Traub Alliaceae 45M6789
H Tristagma nivalePoepp. f. nivale Alliaceae 4M689C
. H Tristerix aphyllus(Miers ex DC.) Tiegh. ex Barlow et Wiens Loranthaceae 345M6
H Tristerix verticillatus(Ruiz et Pav.) Barlow et Wiens Loranthaceae 345M678A
H Tropaeolum polyphyllunCav. Tropaeolaceae 45M67
. ™ H Tropaeolum sessilifoliurPoepp. et Endl. Tropaeolaceae 45M6
. H Tropaeolum tricolorSweet Tropaeolaceae 2345M6789A
. S Tweedia birostratgHook. et Arn.) Hook. et Am. Asclepiadaceae 245M678
HS Urtica mollis Steud. Urticaceae 245M679ABC
. ™ H Valeriana bridgesiiHook. et Arn. Valerianaceae 45M6
™ n F Valeriana gracilicepsClos Valerianaceae 5M67
H Valeriana hornschuchianValp. Valerianaceae 5M67
. ™ H Valeriana lepidotaClos Valerianaceae 5M6
™ n ™ n H Valeriana radicalisClos Valerianaceae M
n S Valeriana strictaClos Valerianaceae 345M67
n H Valeriana vagaClos Valerianaceae 345M
™ n H Valeriana verticillataClos Valerianaceae 5M7
H Vicia vicinaClos. affin. Papilionaceae (M)
H Viola atropurpurealeyb. Violaceae 5M67
H Viola canobarbataLeyb. Violaceae 4M6
A Viola domeykoan&ay Violaceae 4M6
. ™ . ™ H Viola germainii Sparre Violaceae M
H Viola montagneiGay var. montagnei Violaceae 345M6
H Viola philippii Leyb. var. philippii Violaceae M7
n A Viola pusilla Poepp. Violaceae 345M678
™ A Viola rhombifoliaLeyb. Violaceae 345M
A Viola subandinal.M.Watson Violaceae M678
F Viviania marifolia Cav. Vivianiaceae 345M678
F Viviania ovataPhil. Vivianiaceae 5M678
S Wendtia gracilisMeyen Ledocarpaceae 45M6789B
H Werneria pygmaeéillies ex Hook. et Armn. Compositae 12345M
H Zoelinerallium andinun{Poepp.) Crosa Alliaceae 45M6




