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Abstract

The results of application of a global bioclimatic classification to Chile are presented. A total of 140 weather stations
are assigned to bioclimatic belts on the basis of temperature and rainfall regime. In view of these assignements
and of phytosociological data, a zonation of Chile into four major bioclimatic regions (Tropical, Mediterranean,
Temperate and Boreal) is proposed. For the Temperate region, we discuss the distribution of the various climax
forest communities with respect to bioclimatic belt. It is suggested that increased knowledge of the phytosociology
of Chile will improve understanding of the climate of the different parts of the country.

Nomenclature: Plant nomenclature follows Marticorena et al. (1985) for Chilean species.

Introduction

Various authors have studied the contrasting climat-
ic patterns of Chile, in some cases with regard to the
distribution of plant and animal species, i.e. biocli-
mate (Fuenzalida et al. 1965; Huber 1975; Di Castri
et al. 1976; Novoa et al. 1989). Indeed, a number of
biogeographical maps of Chile have been published,
with territorial subdivisions which vary from author
to author but which in general show broad agreement.
The maps of Pisano (1955) and Schmithussen (1956)
are of particular interest, in view of their phytogeo-
eraphical basis and coverage of the whole of Chile.
Also worthy of note is the zoogeographical zonation
of Artigas (1975), published together with a review of
the maps of other authors.

In the present article we present a bioclimatic zon-
ation of Chile developed following the approach of
Rivas-Martinez (1981, 1987, 1993), whose phytocli-
matic classification has been in use in the Iberian Penin-
sula and other parts of Western Europe for over fifteen
years.

A fundamental element of this approach is the
concept of bioclimatic belt (piso bioclimdtico), also

known as temperature belt (piso termoclimdtico), since
it is defined on the basis of temperature regime. The
approach also involves definition of ombrotypes (pisos
ombroclimdticos). The aim is to identify those tempet-
ature and rainfall ranges which best correspond to the
limits of the major vegetation types of the region under
study. The parallel delimitation of bioclimatic belts
and vegetation belts (pisos de vegetacion) thus allows a
detailed analysis of the relationship between ‘contain-
er’ and ‘contained’, and constitutes a valuable basis
for the use of vegetation types as indicators of climate.
These advantages of the Rivas-Martinez approach are
well-known (see Rivas-Martinez 1987); additionally,
itis worth noting that Rivas-Martinez terminology can
be readily generalized, in view of the global outlook
of the approach (Rivas-Martinez 1993).

Methods

Data were compiled from weather stations located
throughout Chile. These data, together with altitudes
and latitudes, allowed determination of Rivas-Martinez
climatic indices (see below) for each station. These
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indices provided the basis for a bioclimatic zonation
of Chile, again following the Rivas-Martinez approach.
To confirm the validity of the bioclimatic zonation thus
derived, we then considered the distribution of wood-
land communities within the Temperate zone (which
is that with the greatest diversity of woodland com-
munities, and that in which such communities are best
preserved).

Climatic data

Data were compiled from 140 weather stations. Data
are in fact readily available for about 700 stations;
however, about 500 of these stations have precipita-
tion data only, and were thus not considered in the
present study. Of the approximately 200 weather sta-
tions remaining, about sixty were rejected because only
annual mean temperatures, not monthly mean temper-
atures, were available. In a small number of cases the
only information available was mean temperature of
the coldest month and of the hottest month; such sta-
tions were accepted since these data allow calculation
of the most important Rivas-Martinez indices (i.e., I;
and I, and generally T}, and I,; see below). At least
7 years of data were available for the great majority of
stations (in most cases from the period 1950-1980); in
aprevious bioclimatic characterization of Chile (Hayek
et al. 1975), ‘principal” stations were likewise required
to have at least 7 years of data. Stations in mountain
areas are scarce, and in a few cases we accepted moun-
tain stations with data for only 4, 5 or 6 consecutive
years. Ideally, climatic data series covering at least
28 consecutive years should be used in studies of this
type, and the data-collection period should be more or
less the same for the different weather stations con-
sidered; however, such data are not widely available
for Chile. In the classic study by Hayek et al. (1975),
for example, only 34 of the 107 stations considered
have temperature data for 28 consecutive years.

Monthly precipitation data are available for 111 of
the 140 stations considered; in the remaining cases,
P, (see below) could still be estimated, since in none
of these stations did monthly mean temperature drop
below 0°C.

Climatic indices
The indices used in the present study are discussed fully

in Rivas-Martinez (1993), but will be briefly defined
here.

The thermicity index (indice de termicidad) (1) is
the sum of annual mean temperature (7), mean daily
maximum temperature of the coldest month (M) and
mean daily minimum temperature of the coldest month
(m), multiplied by ten; i.e., I = 10(T' + M + m).

The corrected thermicity index (indice de termi-
cidad compensado) (I3.) is I plus a factor to correct
for strongly oceanic or strongly continental climate
(as indicated by I.; see below) in the Mediterranean
or Temperate macrobioclimatic territories; this correc-
tion factor is negative when I, < 11 and positive when
I. > 18.

The index of continentality (indice de continental-
idad) ({.) (also known as thermal amplitude, amplitud
térmica) is calculated as the difference between the
daily mean temperatures of the hottest month and the
coldest month.

The above-zero temperature index (temperature
positiva) (T) is the sum of all monthly mean tem-
peratures greater than 0 °C, multiplied by ten; this
index is useful for defining bioclimatic belts in cold
climates.

Precipitation (precipitacién) (P) is mean annual
precipitation in litres per square metre.

The above-zero precipitation index (precipitacion
positiva) (Pp) is the sum of mean monthly precipitation
for those months in which mean temperature is greater
than 0°C.

The ombrothermic index (indice ombrotérmico)
(I,) is calculated as 10 (P, /1), i.e., months in which
mean temperature is less than 0°C are not taken into
consideration. This index provides the principal basis
for defining ombrotypes.

Bioclimatic zonation

On the basis of the climatic indices estimated for each
station, a bioclimatic zonation of Chile was drawn up
following the world-wide classification proposed by
Rivas-Martinez (1993). This classification establishes
five ‘macrobioclimates’, namely Tropical, Mediter-
ranean, Temperate, Boreal and Polar. On the basis of
temperature regime, each macrobioclimate is divided
into belts designated (hottest to coldest) by the prefixes
Infra-, Thermo-, Meso-, Supra-, Oro- and Cryoro- (for
example, Infratropical); note however that belt nomen-
clature is different for Boreal (Thermo-, Meso- and
Supraboreal, plus Tundral, Cryodesertic and Pergelid)
and Polar (three belts only: Tundral, Cryodesertic and
Pergelid).



Each macrobioclimate is also subdivided on the
basis of rainfall regime, into belts designated Ultraper-
arid, Perarid, Arid, Semiarid, Dry, Subhumid, Humid,
Perhumid and Ultraperhumid.

Climate/vegetation relationships

In the summers of 1994, 1995 and 1996, in order to
assess the validity of the bioclimatic zonation, we sur-
veyed the climax woodland vegetation of the region
between the 35th and 47th parallels, with the aim of
identifying the different communities and characteriz-
ing them as regards altitudinal range. This survey was
based on a series of coast-to-Andes traverses covering
a total distance of over 15000 km; note that, at these
latitudes, Chile is very narrow, measuring on average
about 150 km from east to west. We also took into
account the previously published reviews of studies of
the Chilean vegetation by Ramirez (1983) and Amigo
et al. (19977). All vegetation units considered have
been defined previously in systematic phytosociolo-
gical studies, notably those of Oberdorfer (1960) and
Tomaselli (1981).

Results

Climatic data for the different weather stations, togeth-
er with the bioclimatic belts and ombrotypes to which
each station is accordingly assigned, are listed in
Table 1. The location of each station, and the cor-
responding proposed bioclimatic zonation of Chile, is
shown in Figures 5-7. Note that Chile, in view of
its extreme latitudinal extent, contains regions corres-
ponding to all five macrobioclimates (including Polar,
in the Antarctic territories not shown in the figures).
Recent reports have indicated that there are ‘islands’
of Polar climate in the extreme south of Chile; these
areas are not indicated in Figure 7.

As is apparent from Figure 1, the 140 weather sta-
" tions are not evenly distributed throughout the coun-
try: 52% lie between 32° and 41° S, in the region of
highest population density commonly referred to as
Central-Southern Chile (Centro-Sur).

One of the most serious obstacles to the develop-
ment of an accurate classification is the scarcity of
climatic data for mountainous areas. In the present
study, the use of spatial interpolation techniques such
as kriging was ruled out because of the topograph-
ic characteristics of Chile and the highly non-uniform
altitudinal distribution of the weather stations in the
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Temperate and Mediterranean Zones (see Figures 3
and 4). The altitudinal distribution of weather stations
in the Tropical Zone was more uniform (Figure 2),
reflecting the fact that about 53% of the area of the
Tropical Zone is at an altitude of 3000 m or more, and
only 12% at an altitude of 1000 m or less. In the Tem-
perate Zone, by contrast, there are no weather stations
above 1000 m, despite the fact that areas above this
altitude account for 18% of the total area of this zone.

As noted, all five of the Rivas-Martinez macro-
bioclimates are represented in Chile. Furthermore,
there is high diversity within macrobioclimates. For
example, five of the six bioclimatic belts of the Trop-
ical macrobioclimate occur (Thermo-, Meso-, Supra-,
Oro- and Cryorotropical); note, however, that rainfall
regime in the Tropical Zone is less varied, largely ran-
ging from Ultraperarid to Dry (though station 138 on
Easter Island is Subhumid, and a few stations above
4000 m are Humid). '

The Mediterranean Zone is likewise the most
heterogeneous: all six bioclimatic belts are pos-
sibly present, from Inframediterranean (very probably
present close to station 23, but supported by a reduced-
length-of-record station, not included in Table 1) to
Cryoromediterranean (station 41). In addition, eight
of the nine possible rainfall regimes (Ultraperarid to
Perhumid) definitely occur (e.g., stations 16 and 71).

In the Temperate Zone, the paucity of weather sta-
tions is a serious obstacle to accurate zonation. Of
the six bioclimatic belts, all except Infratemperate are
present. None of the weather stations fall into the Cryo-
rotemperate Belt, but this belt certainly occurs in the
Andes. Rainfall regime ranges from Dry to Ultraper-
humid.

The weather station data indicate the existence of
the warmer Boreal belts (Thermo- and Mesoboreal).
However, since the Boreal areas of Chile reach alti-
tudes of up to 1700 m, we can deduce the presence of at
least two more belts (Supraboreal and Tundral), whose
limits with and transitions to warmer belts must be
inferred from phytogeographic data. Rainfall regimes
in the Boreal Zone correspond to ombrotypes ranging
from Ultraperhumid on the Pacific coast (e.g., station
127) to Subhumid (data from rainfall-only weather sta-
tions). ‘
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Figure 1. Plot showing variation in the number of weather stations with latitude in Chile.
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Figure 2. Classification of the 15 weather stations in the Tropical zones by altitude and bioclimatic belt. The altitude indicated under each bar
is the maximum of the corresponding range.
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Figure 3. Classification of the 66 weather stations in the Mediterranean zones by altitude and bioclimatic belt. The altitude indicated under
each bar is the maximum of the corresponding range.
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Figure 4. Classification of the 53 weather stations in the Temperate zones by altitude and bioclimatic belt. The altitude indicated under each

bar is the maximum of the corresponding range.

Discussion

In what follows we focus on the Temperate Zone of
Chile, since this area is that for which we have the
most complete information as regards vegetation.

Tropical/Mediterranean boundaries

These two regions are basically distinguished by the
rainy season, in summer in the Tropical Zone and in
winter in the Mediterranean Zone. This difference is
apparent even when the very arid stations of the north-
ern coast are considered. Nevertheless, our estimate of
the position of this boundary should be considered as
only approximate, since there are very few weather sta-
tions between 18° and 30° S, and since we have little
first-hand experience of the vegetation of this region.
Recently, Squeo et al. (1994) have suggested that the
summer/winter rainfall boundary lies between 24° and
25° S, though examination of their Figure 1 (Squeo et
al., op. cit.: 4) in fact suggests that the boundary should
be located in a similar position to that mapped in the
present study (see Figure 5).

The higher-altitude areas of the Oro- and Cryoro-
tropical Belts contain vegetation types which are prob-
ably useful discriminants with respect to the Mediter-
ranean Zone, notably Parastrephion lepidophyllae of
the Class Calamagrostietea vicunarum, and Wernerion
pygmeae of the Class Plantagini rigidae-Distichietea
muscoides (Navarro, 1993). Stands of these com-
munities are known locally as ‘tolares’ and ‘bofedales’
respectively.

Temperate/Mediterranean boundaries

The fundamental difference between the Mediter-
ranean and Temperate macrobioclimates is the occur-
rence in the former of a summer drought of at least
two months’ duration. In Chile, we have marked out
the northern limits of the Temperate Zone by consid-
ering climax Lithraeo-Cryptocaryetea formations to
be Mediterranean. On this criterion, the Mesomedi-
terranean Belt extends south through the Intermedi-
ate Depression as far as the Bio-Bio River (in fact
slightly south of this line, to the Malleco River; see Fig-
ure 8); south of this limit, the presence of Nothofago-
Perseetum lingue as potential vegetation (currently
highly degraded) indicates a Temperate bioclimate.
The U shape of the Temperate/Mediterranean bound-
ary (see Figure 6) is aftributable to the northwards
extension of Temperate conditions along the Cordillera
de Nahuelbuta in the west and the Andes in the east,
though the boundary drops southwards again on the
coast, where the potential vegetation of the sandy-
soiled areas around the mouth of the Bio-Bio and
the Gulf of Arauco is probably humid sclerophyllous
woodland of clearly Mediterranean character. Simil-
arly, Punta Lavapié (station 77) and Santa Maria Island
(station 76) show sufficient summer drought for classi-
fication as Mediterranean. Likewise, Lebu (a station
not included in Table 1 because less than 7 years’
data are available; see Hajek et al., op. cit.) should
be included in the Mediterranean Zone.

Although little information is available, the coastal
strip running south from Lebu to the border of Bio-
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Figure 5. Map showing the locations of the 140 weather stations (see Table 1), and the Tropical/Mediterranean boundary.

Bio with La Araucania should probably considered sary to confirm this conclusion. Certainly, Nothof-
as Thermotemperate (I; > 300). However, more agus obligua formations continue to occur north of
the Bio-Bio River in the Coastal Cordillera, though

detailed analysis of vegetation characteristics is neces-
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Figure 6. Map showing the locations of the 140 weather stations (see Table 1), and the Mediterranean/Temperate boundary.

the present-day landscape is largely occupied by pine
and eucalypt plantations. These formations probably
correspond to those described by Oberdorfer (op. cit.)
as ‘Nothofago-Perseetum boldetosum’, though as we

move north N. obliqua is increasingly restricted to hab-
itats with high soil moisture, forming part of com-
munities such as the Mirtaceae woodland of swampy
azonal soils which is the increasingly threatened hab-
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Figure 7. Map showing the locations of the 140 weather stations (see Table 1), and the Temperate/Boreal boundary.
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Figure 8. Map of Central-Southern Chile showing administrative regions and indicating some of the locations mentioned in the text.

itat of Gomortega keule (San Martin et al. 1995).
Such communities should be considered as ‘islands’
of vegetation of Temperate-Zone origin, representing
relicts of the northward expansion of Temperate-Zone
vegetation during the Quaternary glaciations (Stuessy
et al. 1995). The distribution of Nothofagetum aless-

andri, restricted to the Maule Region (San Martin et
al. 1984) can probably be explained in the same way.
Inland, the Mediterranean-Temperate boundary
extends further north than on the coast: specifically,
as far as the mountainous area at the head of the
River Maule. The presence of woodlands dominated
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by Nothofagus obliqua, N. alpina and/or N. dombeyi,
together with other species representative of the Val-
divian region (notably, species characteristic of the
Alliance Nothofago-Eucryphion), marks the entry into
first the Mesotemperate and then the Supratemperate
Belts. Again, it should be stressed that the important
discriminants are communities, not individual species.
Woodland formations containing Nothofagus alpina
and N. dombeyi are present to the north of the River
Maule, but in association with more Mediterranean
taxa such as N. obliqua var. macrocarpa or, at lower
altitudes, arborescent species of the Alliance Crypto-
caryon albae. These communities clearly merit further
study.

Foothill communities of Nothofagus glauca should
be considered Mediterranean, as should ciprés wood-
lands containing sclerophyllous species. Phytosociolo-
gical analysis of the ecological behaviour of these spe-
cies will be very important for clarifying the extent
of this territory as a whole. Ciprés communities are
without doubt Mediterranean, though communities
dominated by this species extend south into the Supra-
temperate Belt where conditions are favourable (north-
erly aspect, markedly dry soils). A clear example of
such behaviour is the community of ciprés, radal and
radal enarno occurring on the rocky northern slopes of
the Antuco Volcano in the Laguna del Laja National
Park (see Figure 8).

Nothofagus obliqua var. macrocarpa is a special
case. Nothofagus obliqua, like the rest of the species
of this genus in South America, is basically a Tem-
perate taxon. Nevertheless, the variety macrocarpa
(which in our opinion should be accorded at least sub-
species status) appears to have become specialized to
occupy sites in mountainous areas with high rainfall
but a Mediterranean-type summer; indeed, its pres-
ence in the Supramediterranean Belt in the La Cam-
pana National Park represents the northern limit of the
distribution of the genus Nothofagus in South Amer-
ica (Villasefior et al. 1983). The community defined
by Oberdorfer (1960) as Elymo andini-Nothofagetum
obliquae (macrocarpae) is probably a good indicator of
the Supramediterranean Belt, though note that Ober-
dorfer’s original description was based on very few
inventories, and that it is not currently clear wheth-
er this community should be considered to include all
Nothofagus obliqua var. macrocarpa formations.

Temperate/Boreal boundaries

The transition from Temperate to Boreal means lower
temperatures, as reflected both in the low overall tem-
peratures for the year as a whole (T}) and in the low
temperatures reached during the summer. The ana-
lysis which follows of the vegetation at the Temper-
ate/Boreal transition is based on information in the
literature, since we ourselves have no data on the veget-
ation of these areas; our conclusions in this regard may
thus be modified in the future as more detailed data
become available. Our principal source of information
on the Magellanic vegetation has been Pisano (1977,
1981).

There are no weather stations in the more westerly
islands between the 48th and 52nd parallel, so that it is
difficult to define the north-south limit between these
two macrobioclimates. At station 121 (located at about
47°43'S), temperature regime is very close to that
defining Boreal sensu Rivas-Martinez (1993), while
temperature regime at station 127 (52°24' S) is clearly
Boreal. Given these data and in view of the findings of
Pisano (op. cit.), we consider that on Chile’s western
islands the peat-bog communities of the association
Donatietum fascicularidis (which require a Perhumid
or Ultraperhumid rainfall regime) should be considered
indicative of Boreal conditions. Note, however, that
this same association occurs in the Temperate Zone
inland, at Ultraperhumid sites of the Supratemperate
Belt (see Ramirez 1968).

On the other hand, it seems clear that the asso-
ciations which Pisano (1977) denominated ‘Turbal
Juncéiceo Elevado’ (Marsippospermetum grandiflori)
and ‘Matorral costero de Fuchsietum magellanici’ are
Boreal. The same is certainly true of Pisano’s ‘Estepa
Patagdénica’ (Festuca gracillima-Chiliotrichum dif-
Jusum) and ‘Matorral Psammoéfito’ (Lepidophylletum
cupressiformis).

The woodland formations Nothofagetum pumilionis
and Nothofago betuloides-N. pumilio need to be stud-
ied in greater detail, to determine whether they con-
tain variants or subcommunities that should be defined
as Boreal. The association Nothofago betuloides-
Drymidetum winteri, reported by Pisano (op. cit.) to be
the most southerly of the Magellanic woodland form-
ations, is even more likely to contain Boreal variants.

Community diversity in the Chilean Temperate Zone

In what follows we restrict attention to climax wood-
land communities of the Chilean Temperate Zone. This



should not be interpreted to mean that the numerous
sub-climax communities described to date (such as
scrub communities arising after degradation of wood-
land, and grassland and nitrophilous communities of
anthropogenic origin) are without value as bioclimat-
ic indicators, though in many cases a more detailed
knowledge of distribution and floristic composition is
necessary.

Class Drymido winteri-Nothofagetea

There is a reasonable amount of information avail-
able about roble-laurel-lingue woodland (Nothof-
ago obliquae-Perseetum lingue) (see San Martin et
al. 1991) and olivillo woodland (Lapagerio roseae-
Aextoxiconetum punctati) (see Ramirez et al. 1985b).
These communities are always Mesotemperate. The
former is adapted to Humid rainfall regimes (as occur-
ring throughout much of the Intermediate Depression
in the Regions of Araucania and Los Lagos), though it
is also present in some Perhumid areas. The latter, by
contrast, is restricted to Perhumid areas with precipit-
ation of at least 1900-2000 mm per annum.

Cothue-ulmo woodlands (Nothofago dombeyi-
Eucryphietum cordifoliae) and rauli woodlands
(Nothofagetum alpinae) are probably almost exclus-
ively Mesotemperate. The subassociation Nothofago-
Eucryphietum subass. saxegotheetosum conspicuae,
described by Oberdorfer (op. cit.), appears to occur
in wetter areas than the typical subassociation, and is
probably tolerant of a degree of continentality, since it
occurs principally in the foothills of the Andes. Nothof-
agetum alpinae may occur at lower levels of the Supra-
temperate Belt in the Andes, and a more detailed study
of this syntaxon over its entire area of distribution
would probably reveal clear subdivisions.

Tepa-tineo woodland (Laurelio philippianae-
Weinmanietum trichospermae) should be considered
as Supratemperate, at least in the case of the syntaxon
described as Laurelio-Weinmanietum subass. phyllesi-
etosum magellanicae. There is however another sub-
community (only partially corresponding to Laurelio-
Weinmanietum subass. luzuriagetosum erectae) which
may occur in the upper Mesotemperate Belt, as on
Chiloé Island and at certain sites in the coastal cor-
dillera south of Valdivia. The subassociation phyllesi-
etosum magellanicae occurs in Ultraperhumid areas
(Villagran, 1980).

Coihue woodland (Chrysosplenio valdivici-Notho-
fagerum dombeyii) appears to show similar ecological
behaviour to tepa-tineo woodland, though it extends
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north of the Los Lagos Region along the Andes. It
typically occurs in Ultraperhumid areas of the Supra-
temperate Belt.

Judging by its current distribution, alerce woodland
(Fitzroyetum cupressoidis) is a community of Ultraper-
humid Supratemperate areas. However, it may occur
in drier areas if soil moisture is sufficient, and has even
been recorded from peat bogs (Veblen et al. 1976).
This is probably the chief explanation for its presence
in Perhumid parts of the Mesotemperate Belt, such as
the Maullin Basin to the west of Puerto Montt, where
it previously covered large areas but has now almost
disappeared (Hildebrand-Vogel et al. 1995).

Guaitecas ciprés woodland (Pilgerodendronetum
uviferae) is restricted to peat-derived soils, and its
distribution thus reflects that of Sphagnum spp. com-
munities. It occurs in the upper Mesotemperate or
Supratemperate Belt, in Perhumid or Ultraperhumid
areas. It would be of interest to compile information as
regards the presence of this community in the south-
ern part of its range, since it appears to occur right
at the Temperate/Boreal boundary (Reiche 1907, in
Oberdorfer 1960, Table 29).

Chiloé coihue woodland (Northofagetum nitidae)
is an association of the upper Mesotemperate Belt,
though at the northern limits of its distribution (Cor-
dillera Pelada; see Vasquez 1994) it may occur in the
lower Supratemperate Belt. Judging by its present-
day distribution, this association is characteristic of
Ultraperhumid areas with oceanic climate.

Magellan’s coihue woodland (Nothofagetum betu-
loides) should be mentioned, though bearing in mind
that this name is currently used to refer to a number
of distinct woodland communities. Woodlands of this
type occur from the islands of Cape Horn in the Boreal
Zone to as far north as the Cordillera Pelada (40°05’ S);
amore detailed analysis is thus clearly necessary. With-
in the Temperate Zone, woodlands containing Magel-
lan’s coihue occur in Perhumid areas of the Supratem-
perate and Orotemperate Belts.

Class Nothofagetea pumilionis-antarcticae

This phytosociological class was defined by its author
(Oberdorfer, op. cit.) in relation to the broad-leaved
(largely deciduous) and narrow-leaved woodlands of
Andean-Subantarctic regions. We have preferred not
to split this class in two (to give Norhofagetea
pumilionis and Nothofagetea antarcticae, as sugges-
ted by Freiberg 1985), since maintaining consistency
with Oberdorfer’s scheme facilitates use of his veget-
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ation data. Throughout this article, however, we have
cited syntaxon names in accordance with the Interna-
tional Code of Phytosociological Nomenclature (Bark-
man et al. 1976) (for example, Nothofago dombeyi-
Eucryphietum, as opposed to Oberdorfer’s original
Dombeyo-Eucryphietum).

Lenga-dominated woodland (Anemono antucensis-
Nothofagetum pumilionis) cover the greatest latitudinal
range of any woodland type in the southern hemi-
sphere. Recently, it has been suggested that lenga
woodland should be viewed as comprising a number of
separate associations (Hildebrand-Vogel et al. 1990).
Within the Temperate Zone, lenga-dominated wood-
land occurs in the Orotemperate Belt; large expanses
of these formations dominate the landscape to the south
of the 46th parallel, and extend to the timberline in the
Andes as far north as the Vilches Reserve in the Maule
Region (San Martin et al. 1991). To the north of the
Aysén Region, however, lenga may occur with other
tree species characteristic of lower altitudes (such as
Nothofagus obliqua var. macrocarpa in the north, or
N. dombeyiin the Los Lagos Region). In such locations
the formations in question must be interpreted as upper
Supratemperate. Lenga-dominated woodlands are able
to withstand considerable continentality, and occur in
areas with rainfall regime ranging from Humid (on the
leeward side of the cordillera, to the south of Coy-
haique) to Ultraperhumid.

Araucariawoodland (Carici trichodes-Araucarietum
araucanae) occurs in both the upper Supratemperate
Belt and the Orotemperate Belt, where (in the Bio-
Bio and La Araucania Regions) it grades into lenga
woodland. Along the Chilean side of the Andes and in
Nahuelbuta, it occurs mainly in areas with Ultraper-
humid rainfall regime, though on the Argentine side it
occurs in merely Humid areas (Montaldo 1974).

Nirre woodland (Nothofagetum antarcticae) is
another heterogeneous grouping, and more informa-
tion 18 needed to characterize it correctly. The ecolo-
gical amplitude of this formation allows its to occupy
soils ranging (in the context of the Chilean Temper-
ate Zone) from badly drained to xeric, and to extend
over an area stretching from Magellanes to the Maule
Region (Ramirez et al. 1985a). Nirre formations occur
from the Mesotemperate to the Orotemperate Belt,
in rainfall regimes ranging from Dry to Perhumid.
Such extreme ecological amplitude clearly indicates
the existence of various associations, and it will only be
possible to discriminate these associations effectively
on the basis of phytosociological, phytogeographical

and edaphic data covering the full geographical range
of fiirre-dominated formations.

Finally, temo-pitra woodland (Blepharocalyci-
Mpyrceugenietum excsuccae) is a strictly hygrophilous
community, and thus of limited value as a bioclimatic
indicator; furthermore, it is clearly debatable whether
this community belongs to Nothofagetea pumilionis-
antarcticae. These communities (‘hualves’) are known
largely from the Mesotemperate Belt (Ramirez et al.
1996), and have even been cited in the Mediterranean
Zone from an area of Humid rainfall regime (between
Concepcion and Talcahuano; Reiche, 1907).

Conclusions

The application of the bioclimatic classification system
of Rivas-Martinez (1981, 1987, 1993) to the Chilean
region, as to the Iberian Peninsula, allows the iden-
tification of a series of bioclimatic belts defined by
temperature and rainfall regime. The extreme latit-
udinal extent of Chile means that it contains all five
macrobioclimates: namely Tropical (from the frontier
with Peru to 23-28°S), Mediterranean (from 23-28°S
to 35-38°S), Temperate (from 35-38°S to 52-56°S),
Boreal (the Magellanic area, south of 52-56°S) and
Polar (Antarctic territories basically).

Many associations have distributions which are
closely correlated with the above zonation, and with
the subzonations defined by temperature and rainfall
regime. Of the fifteen climax woodland associations
defined by Oberdorfer (1960) for the territory which
we denominate Temperate, we consider Lapagerio-
Aextoxiconetum and Nothofago-Perseetum to be indic-
ators of the Mesotemperate Belt, Chrysosplenio-
Nothofagetum dombeyi and Fitzroyetum cupressoid-
is to be indicators of the Supratemperate Belt, and
Anemono-Nothofagetum pumilionis to be an indic-
ator of the Orotemperate Belt. As regards rainfall
regime, Nothofago-Perseetum almost always occurs in
Humid areas, Nothofagetum alpinae and Lapagerio-
Aextoxiconetum in Perhumid areas, and Fitzroyetum
cupressoidis and Nothofagetum nitidae in Ultraperhu-
mid areas. Other associations occur in two or more
bioclimatic belts or rainfall regimes, but are still use-
ful indicators. As more information becomes available
about the plant communities of the Temperate Zone of
Chile, it should be possible to develop a more complete
understanding of the indicator potential of such com-
munities. The concepts of Nothofagetum pumilionis
and Nothofagetum antarcticae, for example, clearly



correspond not to single associations but to various
communities with a common physiognomy reflecting
the dominant species.

In view of the above, it is clearly important to
collect the maximum possible amount of phytosoci-
ological data, with the aim of characterizing the real
diversity of Chile. The correlation between climatic
conditions and plant communities is much closer than
that between climate and the distribution of individual
species, this being true not just of the Temperate Zone
but also of the other macrobioclimatic zones of Chile.

Acknowledgements

We thank Prof. Rivas-Martinez for information and
suggestions as regards the biogeography of South
America in general and Chile in particular; the Met-
eorology Department of the Direccion Meteorologica
de Chile for some of the climatic data; Prof. José San
Martin for his company during fieldwork and gener-
ous supply of information about the vegetation of the
Maule Region; Luis G. Quintanilla for his help in fig-
ures drawing; and two anonymous reviewers whose
comments made a valuable contribution to the final
version of this article.

References

Amigo, J. & Ramirez, C. 19977. Bibliographia Phytosociologica
et Scientiae Vegetationis Chile (1983-1994). Excerpta Botanica,
Sect. B: 32(1) (in press).

Artigas, J. 1975. Introduccidén al estudio por computacién de las dreas
zoogeograficas de Chile continental basado en la distribucién de
903 especies de animales terrestres. Gayana, Miscelanea 4: 3-25.

Barkman, J., Moravec, J. & Rauschert, S. 1976. Code of Phytosoci-
ological Nomenclature. Vegetatio 32: 131-185.

Di Castri, F. & Hajek, E. 1976. Bioclimatologia de Chile. Univer-
sidad Catdélica de Chile, Santiago de Chile, 128 pp.

Freiberg, H.-M. 1985. Vegetationskundliche Untersuchungen an
stidchilenischen Vulkanen. Bonner Geographische Abhandlun-
gen 70: 1-170.

Fuenzalida, H. & Pisano, E. 1965. Biogeografia. In CORFO (ed.),
Geografia Econdmica de Chile. Texto refundido: 228-267. San-
tiago de Chile.

Hajek, E. & Di Castri, F. 1975. Bioclimatografia de Chile. Direccién
de Investigacién. Rectoria Académica, Universidad Catdlica de
Chile.

Hildebrand-Vogel, R., Godoy, R. & Vogel, A. 1990. Subantarctic-
Andean Norhofagus pumilio forests. Vegetatio 89: 55-68.

Hildebrand-Vogel, R., Godoy, R., Vogel, A. & Carrillo, R. 1995.
Fitzroya cupressoides (Mol.) Johnst. Primary forest of southern
Chile-Flora, vegetation and mycorrhiza. Proceedings of the 35th
Symposium of International Association for Vegetation Science
(I.LA.V.S.). East China Normal University Press. Shangai.

25

Huber A. 1975. Beitrag zur Klimatologie und Klimadkologie von
Chile. Disertacién Mecanografiada, Munich, 87 pp.

Marticorena, C. & Quezada, M. 1985. Catalogo de la flora vascular
de Chile. Gayana 42: 1-157.

Ministerio De Obras Publicas. 1987. Balance hidrico de Chile. Dir-
eccion General de Aguas: 23 pp. 4 mapas. Santiago de Chile.
Montaldo, P. 1974. La bio-ecologia de Araitcaria araucana (Mol.)
Koch. Boletin del Instituto Forestal Latinoamericano de Invest-

igacién y Capacitacion 46/48: 3-55.

Navarro, G. 1993. Vegetacién de Bolivia: el Altiplano meridional.
Rivasgodaya 7: 69-98.

Novoa, R. & Villaseca, S. 1989. Agroclimatologia de Chile. Instituto
de Investigaciones Agropecuarias, M® de Agricultura. Santiago
de Chile.

Oberdorfer, E. 1960. Pflanzensociologische Studien in Chile. Ein
Vergleich mit Europa. Flora et Vegetatio Mundi 2: 1-208.

Pisano, E. 1955. Fitogeografia: la vegetacién de las distintas zonas
geograficas chilenas. Revista Geografica de Chile, Terra Australis
11: 95-107.

Pisano, E. 1977. Fitogeografia de Fuego-Patagonia chilena. I
Comunidades vegetales entre las latitudes 52° y 56° S. Anales
del Instituto de la Patagonia 8: 121-250.

Pisano, E. 198]. Bosquejo fitogeografico de Fuego-Patagonia.
Anales del Instituto de la Patagonia 12: 159-171.

Pisano, E. 1983. The Magellanic Tundra complex. Pp. 289-323.
In: Gore, A. J. P. (ed.), ‘Ecosystems of the World, 4. Mires:
Swamp, Bog, Fen end Moor, B. Regional Studies’: Elsevier
Science Publishers, Amsterdam.

Quintanilla, V. 1985. Carta fitogeografica de Chile mediterrdneo.
Contribuciones Cientificas y Tecnoldgicas, 70, Area Geociencias
1V: 32 pp. + mapa, Santiago de Chile.

Ramirez, C. 1968. Die Vegetation der Moore der Cordillera Pelada,
Chile. Ber. Oberhess. Ges. fiir Natur- und Heilkunde zu Giessen,
Neue Folge, Naturwissenschaftliche Abteilung 36: 95-101.

Ramirez, C. 1983. Bibliografia vegetacional de Chile. Direccién de
Investigacién y Desarrollo, Universidad Austral de Chile, 76 pp.

Ramirez, C., Correa, M., Figueroa, H. & San Martin, J. 1985a.
Variacién del hébito de Nothofagus antarcrica en el Centro-Sur
de Chile. Bosque 6: 55-73.

Ramirez, C. & Figueroa, H. 1985b. Delimitacién ecosociolégica
del bosque valdiviano (Chile) mediante analisis estadisticos mul-
tivariados. Studia Oecologica 6: 69-82.

Ramirez, C., San Martin, C. & San Martin, J. 1996. Estructura
floristica de los bosques pantanosos de Chile Central. Pp. 215-
234. In: Armesto, J., Kalin-Arroyo, M. T. & Villagrdn, C. (eds),
‘Ecologia del bosque nativo de Chile’. Editorial Universitaria.
Santiago de Chile.

Reiche, K. 1907. Grundziige der Pflanzenverbreitung in Chile. Veget-
ation der Erde, 8: 1-374. Leipzig.

Rivas-Martinez, S. 1981. Les étages bioclimatiques de la végétation
de la Péninsule Iberique. Anales del Jardin Boténico de Madrid
37:251-268.

Rivas-Martinez, S. 1987. Memoria del mapa de Series de Vegetacién
de Espana. Publ. del ICONA, Madrid.

Rivas-Martinez, S. 1993. Bases para una nueva clasificacién
bioclimédtica de la Tierra. Folia Geobotanica Matritensis 10: 23
Pp-

Rundel, P. 1981. The matorral zone of central Chile, Pp. 175-201. In:
Di Castri, F., Goodall, D. W. & Specht, R. L. (eds.), ‘Ecosystems
of the World. Mediterranean-type shrublands’. Elsevier Science
Publishers. Amsterdam.

San Martin, C., Ramirez, C., Figueroa, H. & Ojeda, N. 1991. Estudio
sinecolégico del bosque de Roble-Laurel-Lingue del Centro-Sur
de Chile. Bosque 12: 11-27.



26

San Martin, J., Figueroa, H. & Ramirez, C. 1984. Fitosociologia de
los bosques de mil (Nothofagus alessandri Espinosa) en Chile
Central. Revista Chilena de Historia Natural 57: 171-200.

San Martin, J., Solervicens, J., Ramirez, C., San Martin, C.
& Elgueta, M. 1995. Estudio fitosocioldgico de los bosques
pantanosos de Mirtaceas de la Regién del Maule, Chile. Cien-
cias Forestales 7: 3-13.

San Martin, J., Troncoso, A., Mesa, A., Bravo, T. & Ramirez, C.
1991. Estudio fitosocioldgico del bosque caducifolio magallanico
en el limite Norte de su area de distribucion. Bosque 12: 29-41.

Schmithtisen, J. 1956. Die raumliche Ordnung der chilenische Veget-
ation. Bonner Geographische Abhandlungen 17: 1-89.

Squeo, F. A., Osorio, R. & Arancio, G. 1994. Flora de los Andes de
Coguimbo. Cordillera de Dofia Ana. Ediciones Universidad de
La Serena. La Serena 168 pp.

Stuessy, T. F. & Taylor, C. 1995. Evolucién de la flora chilena.
Pp. 85-118. In: Marticorena, C. & Rodriguez, R. (eds.), ‘Flora
de Chile. I. Pteridophyta-Gymnospermae’. Universidad de Con-
cepcién, Concepeion.

Tomaselli, R. 1981. The longitudinal zoning of Vegetation in the
southern sector of the Andes. Stuti Trentini di Scienze Naturali.
Acta Biol. 58: 471-484.

Viasquez, R. E. 1994. Estudio de 1a flora y vegetacién boscosa poten-
cial de la Cordillera Pelada (Valdivia, Chile). Tesis Ingeniero
Forestal, Facultad Ciencias Forestales, Univ. Austral, 130 pp.

Veblen, T., Delmastro, R. & Schlatter, J. 1976. The conservation
of Fitroya cupressoides and its environment in Southern Chile.
Environmental Conservation 3: 291-301.

Villagran, C. 1980. Vegetationsgeschichtliche und Pflanzensoziolo-
gische Untersuchungen in Vicente Pérez Rosales National Park
(Chile). Dissertationes Botanicae, Band 54: 165 pp.

Villasetfior, R. & Serey, 1. 1983. Estudio fitosociolégico de la veget-
acién del Cerro La Campana (Parque Nacional La Campana),
en Chile Central. Atti Istituto Botanico Reale Universita Reale
Laboratori Crittogamico di Pavia, ser. 6, 14: 69-91.

Appendix 1

Origin of the data for the weather stations shown in
Table 1:

Reference 7: stations 7-10, 14, 18, 19, 24, 28, 30,
3840, 43, 46-50, 52-54, 59, 61-63, 66, 68, 69, 73,
76-78, 81-85, 90, 95, 98, 99, 102, 104, 106-110,
112-114,116, 118, 123, 135, 140.

Reference 12: stations 4, 5, 11-13, 15, 16, 23, 25, 29,
32-34,42, 55,67, 80, 88,92, 111,117,120, 121, 124,
126, 130, 131, 133, 134, 136.

Reference 15: stations 1-3, 6, 17, 20-22, 27, 31, 35—
37, 41, 44, 45, 51, 56-58, 60, 64, 65, 70, 72, 74, 75,
79, 86, 87, 89, 91, 93, 94, 96, 97, 100, 101, 103, 105,
115,119, 127-129, 132, 137-139.

Reference 18: additional data for stations 124,130,131,
133,134.

Reference 20: stations122, 125. Additional data for
station 120.

Reference 21: station 71.

Reference 31: additional data for station 42.
Reference 37: station 26.



