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Araucaria araucana, a southern South American tree species, is considered a
representative symbol of Chilean forest biodiversity due to its endemicity and
longevity. An expedition to Chile and its border zone with Argentina was car
ried out with the aim of determining the current state of this species and to
establish a tree network to study its genetic variability. Eight locations were
selected across the range of distribution of the species and several experi
mental plots were established based on the heterogeneity within each loca
tion. Field trips revealed a high fragmentation in Araucaria forests showing low
or non-existent regeneration in most of its distribution area. Experimental
plots allowed the identification of severely altered areas. Moreover, 371 trees
were catalogued, 193 males and 178 females. The tree network established
will be very useful in future evaluations of both the ecological status of the
species and its genetic resources, allowing the development of conservation
strategies.
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Introduction

The Chilean native forest and that in the
Argentinean border zone include more than
one hundred species and constitute one of
the forest ecosystems richest in biodiversity
in the world (Movimiento Mundial por los
Bosques 1998). Within forest formations
Araucaria araucana (Mol.) K. Koch stands
out as the dominant species given its particu
lar characteristics. Indeed, it is considered a
representative symbol of the Chilean forest
biodiversity due to its endemicity and its
longevity (Hoffmann et al. 2001).
Araucaria distribution is fragmented and
restricted to some specific areas in Chile and
Argentina. In Chile, it covers over 261 000
ha representing about 65% of the total area
in which it is found. The principal location is
situated in the Andean Cordillera at latitudes
between 37º30’ and 39º30’ S, in Bio-Bio and
Araucania Regions and there are some iso
lated stands in the north Andean limit in the
Lakes Region. The second area is found in
the coastal cordillera (Nahuelbuta Cor
dillera) between 37º20’ and 38º40’ S
(Veblen 1982). In Argentina the species co
vers a restricted area at latitudes between
© SISEF http://www.sisef.it/iforest/

37º45’ and 40º20’ S.
A. araucana occurs in either pure or mixed
species stands along with Nothofagus spp. at
an elevation of between 1000 and 1600 m. It
is associated with coigüe (Nothofagus
dombeyi Mirb. Oerst.) and seldom with oak
(Nothofagus obliqua Mirb. Oerst. var.) in the
lower altitudes, with coigüe and lenga
(Nothofagus pumilio Poepp. et Endel. Krass
er) in medium altitudes and only with lenga
at upper forest limits (Gajardo 1980, Donoso
1981, Veblen et al. 1995).
A. araucana is dioecious, but it can occa
sionally be monoecious with pollen predo
minantly dispersed by wind and gravity seed
(Muñoz 1984; Heusser et al. 1988). It also
regenerates vegetatively by sprouting and
root suckering (Schilling & Donoso 1976,
Veblen 1982, Donoso 1993).
The araucaria’s current distribution is a
remnant of a more extensive former distribu
tion that was severely diminished by the in
tense exploitation of the species in the past.
Other factors which have a great impact are
domestic herbivores and seed harvest
(Tortorelli 1942, Veblen 1982, Aagesen
2004, Bekessy et al. 2004) and forces of
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nature as wind, volcanism and fire (Veblen
1982, Burns 1993). As a result, conservation
of the species is a subject of great concern
given its restricted distribution, slow growth
and poor regeneration capacity which make
it particularly susceptible to external pres
sures (Montaldo 1974, Mutarelli & Orfila
1992, Paulsch 1994). It is included in Ap
pendix I of the Convention on International
Trade of Endangered Species of Wild Flora
and Fauna (CITES) and is listed as a “vul
nerable” species on the Red Data list pu
blished by the International Union for Con
servation of Nature (IUCN 1996). Further
more, in Chile in the Supreme Decree 43,
araucaria is classed as a national monument
and is officially protected.
Although this species is not under immi
nent risk of extinction, its structure and na
tural forest dynamic show deep perturbations
(Burns 1991, Drake et al. 2005, Donoso
2006). In order to assess whether ongoing
patterns of habitat fragmentation could
threaten its genetic resources and its evolu
tionary potential, it is necessary to explore
the genetic diversity and ecological attributes
across the range of the species. Even more,
the correlation of genetic data with ecologi
cal and geographic variables may show more
complete information about the state of the
species. In fact, Turner (2001) mentioned
that by combining all these aspects areas of
potential conservation sites may be identi
fied.
Studies based on the spatial distribution of
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the araucaria’s genetic variation have been
conducted using different markers as gas li
quid chromatography (Rafii & Dodd 1998),
isozymes (Gallo 2003) and RAPDs (Bekessy
et al. 2002, Bekessy et al. 2003). These stu
dies indicated that genetic diversity is high
and unaffected by the ecological heteroge
neity of the species. Nevertheless, in recent
years other DNA markers have proved to be
more suitable for studying population gene
tic diversity as microsatellite or simple se
quence repeats (SSRs). In fact, the identifi
cation of markers linked to genes involved in
the adaptive response to environmental
changes could contribute to define criteria to
plan conservation strategies as is the case of
EST-based SSRs. Moreover, there is no re
cord relating to the temporal distribution of
araucaria genetic diversity, that is, if the de
crease in the surface area occupied by the
species has caused changes in the genetic
composition of young trees in relation to the
older ones. In fact, in other woody plants as
Olea europaea L., it has been demonstrated
that older individuals include allelic variants
that are not present in new stands (MuñozDiez 2008). It is therefore of particular im
portance the establishment of a tree network
which will allow the monitoring of the state
of the genetic resources and the role of each
stand in the conservation of the species.
In this study an expedition to the areas of
A. araucana distribution was conducted to
determine the current state of the species and
to establish a tree network for future evalu
ation of its genetic variability and its spatial
and temporal distribution. Specifically, fur
ther evaluations of ecological and ger
mplasm data may allow the detection of pos
sible threats to the genetic resources of the
species and the development of conservation
strategies to restore these degraded areas.

Material and Methods
Study area
Aerial photographs and satellite imagery
were used to select the study area. These ful
filled two objectives, the stratification and
the initial plot measurement, both carried out
in Concepción University (Chile). Geogra
phic Information System (GIS) software was
also used to provide information on the

Fig. 1 - Map showing the eight locations sampled in the collecting mission in Chile and Ar
gentina.
status and condition of the araucaria forests.
Coverage included all forested lands in
Chile: private and public.
Permanent sample plots have been reco
gnised as an interesting approach in deter
mining changes in forests. This type of
sampling has two objectives: to provide a de
scription of the stand and to determine areas
to be repeatedly measured over time. Ac
cordingly, this permanent method was used
for establishing the tree network to detect
changes in araucaria regeneration.
With this basic information, field trips

were carried out from March to April 2007
across the species range. Field trips were
based on one field sample site of 261 000 ha.
The tree network was designed by an expert
panel (DELPHI method) covering as many
different habitats as possible.
The locations chosen for this study in
cluded areas from both the Chilean and Ar
gentinean sides of the Andean Cordillera and
the coastal range of Chile (Fig. 1). Accor
ding to climatic, ecological and geographical
attributes, eight locations were identified and
catalogued, seven in the Andean Cordillera

Tab. 1 - Data of latitude, longitude and altitude measured in each location in Chile and Argentina.
Area

Region

Andean Cordillera Bio-Bio (VIII)
Araucania (IX)

Lakes (X)
Coastal Cordillera (IX)
iForest (2009) 2: 207-212

Location

Latitude (S)

Longitude (W)

Altitude (m)

Country

Nalca Valley
Lolco
Cunco District
Conguillio N.P.
Malalcahuello N.R.
Villarrica N.P.
Lanin N.P.
Nahuelbuta N.R.

38º 17’
38º 16’
38º 57’
38º 39’
38º 25’
39º 32’
39º 47’
37º 48’

71º 27’
71º 28’
71º 40’
71º 50’
71º 32’
71º 57’
71º 40’
71º 57’

1200-1500
990-1000
1200-1450
1100-1170
1350-1430
950-1000
1000-1100
1200-1400

Chile
Chile
Chile
Chile
Chile
Chile
Argentina
Chile
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Tab. 2 - Ecological attributes measured in the eight locations in Chile and Argentina.

Plot

Name

Stand
composition

4
5
6
7
8
9
10
11
12
13
14
15

Slope
(%)

Regeneration

Stand
development

Aspect full shade
zone

open
zone

5-15

SouthEastern

Low

High

Even aged

Nothofagus antartica;
0-5
Chusquea quila
Cunco
Nothofagus Drymis winteri;
15-30
District
dombeyi
Chusquea culeu;
(50%)
Nothofagus dombeyi
Cunco
Nothofagus Drymis winteri;
5-15
District
dombeyi
Chusquea culeu;
(90%)
Nothofagus dombeyi
Cunco
Nothofagus Nothofagus pumilio fire 5-15
District
pumilio (70%) wood
Conguillio Nothofagus Chusquea quila
0-5
N. P.
dombeyi
(40%)
Conguillio Nothofagus Chusquea quila; Persea 0-5
N. P.
dombeyi (5%) lingue regeneration
Malalcahuello
Nothofagus antartica;
5-15
N. R.
Podocarpus saligna
Malalcahuello
Grassland
0-5
N. R.
Malalcahuello
Grassland
5-15
N. R.
Villarica
Nothofagus Nothofagus antartica;
0-5
N. P.
dombeyi
Persea lingue;
(10%)
Chusquea quila
Lanin N. P. Nothofagus Nothofagus antartica;
0-5
dombeyi
Persea lingue;
(10%)
Chusquea quila
Lanin N. P. Grassland
0-5
Nahuelbuta Nothofagus Drymis winteri; Persea 5-15
N. R.
dombeyi
lingue; Chusquea quila
(50%)
Nahuelbuta Nothofagus Nothofagus antartica;
5-15
N. R.
dombeyi (5%) Chusquea quila

NorthWestern
South

None

None

Old grown stageDense shrub load

Low

None

Even aged

-

Flat

Low

None

Even aged

-

North

High

High

Uneven aged

Cattle

Flat

Medium

None

Uneven aged

Lava cone

Flat

Low

None

Uneven aged

Lava descendent way

NorthEastern
Flat

High
High

High

Uneven-age

Presence of recent vol
canic ash
Stand altitude limit

SouthEastern
NorthEastern

Medium

None

Uneven-age

Stand altitude limit

None

None

Even aged

Sparce regeneration.
Thalweg

South

Low

None

Even aged

-

Flat
South

None
Medium

None Old grown
Medium Even aged

Steppe
Rocky surface

North

Low

Medium Even aged

Recreational area. Old
surface fire

1 Nalca Valley Nothofagus
antartica
(20%)
2 Lolco
3

Understory
composition
Chusquea quila

and one in the Nahuelbuta Cordillera (Tab.
1). Depending on the ecosystems heteroge
neity, between one and three circular plots
(1000 m2) were installed within each loca
tion. Specifically, three plots were identified
in Cunco District and Malalcahuello N.R,
two plots in Conguillio N.P., Lanin N.P. and
Nahuelbuta N.R. and one plot in Lolco,
Nalca Valley and Villarrica (Tab. 2).

Assessments
The position of all trees in each plot was
mapped and data of their altitude, latitude
and longitude were measured using the Geo
graphical Positioning Satellite system (GPS).
Selected trees were located in a latitude
range from 37º48’ S to 39º47’ S and an alti
tude range from 950 to 1500 m.
In each site, tree diameter, understory spe
cies, natural regeneration and topographic at
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Medium Even aged

tributes were measured within each plot
(Tab. 2). Stands were evaluated according to
their composition and development. For the
stand composition, the percentage of asso
ciated species was calculated according to
the total density of Araucaria and Notho
fagus trees (Tab. 2). The araucaria structure
was classified into three categories: evenaged, uneven-aged and old growth. The un
derstory was described in terms of composi
tion and plant cover and topographical con
ditions expressed through measurements of
slope and aspect. Gap-phase regeneration is
considered to be the common way in which
forests are renewed due to the suitable condi
tions for the establishment of seedlings.
Araucaria seedling growth is slow until the
canopy opening is created. For this,
araucaria regeneration was classified into
two types depending on the possibility of

209

Observations
Volcanic soil

seedling establishment: full shade zone and
open zone. Open zone regeneration is the
cornerstone of the species natural dynamics
because of its slow growth and the competi
tion from undergrowth species. Natural re
generation in each plot was established
through visual estimation into four qualita
tive levels according to the seedling number:
none (> 50 seedlings per ha), low (50-300
seedlings per ha), medium (300-600 seed
lings per ha) and high (< 600 seedlings per
ha).
To estimate the genetic diversity, the cri
terion was to catalogue 30 female and 30
male trees in each location, given that
araucaria is a dioecious species. In the case
of female individuals, seeds from each tree
were collected for future genetic analyses
using three age classes: thicket (< 50 years),
polewood (100-200 years) and all growth (>

iForest (2009) 2: 207-212
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Tab. 3 - Ecological attributes measured in the eight locations - DBH: diameter at breast
height.
Index
site

DBH
(cm)

Height
(m)

Temperature Precipitation
range (Cº)
(mm)

1
2
3
4

54.04
40.39
57.86
56.77

37
30
25
27

4.6/13.9
-0.9/13.9
5.4/26
-3 to 2/12

2900-3300
3200-3500
1300-1600
1800-2050

5

44.79

15

-3/12

1850-2100

400 years). The assignation of each tree to its
age class was conducted according to the in
dex site and the diameter class equation pro
posed by Drake et al. (2003) and modified
specifically for araucaria by Peraza (2008):
Age class=139.19e

0.0203⋅DBH

being DBH the diameter measured at breast
height. In total, five index sites were calcu
lated according to climatic and forestry at
tributes (Tab. 3).

Results and Discussion
Description of Araucaria stands
Concerning the different locations studied,
the stand composition associated with
Araucaria-Nothofagus was verified in six of
the eight locations studied (Tab. 2), while
pure stands were found in Malacahuello
N.R., Lolco and one of the two plots in Lan
in N.P. In this latter site, the stand was com
posed of wooded steppe with a low canopy
and conical shaped trees typical of growth
without competition (Fig. 2F).
Lolco and Lanin N.R. were the most frag
mented areas (Fig. 2D). In Lolco, the low
density of the species made plot establish
ment difficult (<50 trees/ha). Likewise, it
was stated that this area was severely altered
since no signs of regeneration were detected,
and the remaining individuals showed old
grown state. According to Drake (2004), this
might indicate that araucaria stands are in
decline phase and will be lost in a short pe
riod of time. In Villarrica N.P. araucaria
stands showed a good height growth, but
without regeneration and with a low ratio fe

Location
Villarrica N.P, Lanin N.P.
Cunco District
Nahuelbuta N.R
Nalca Valley, Lolco,
Conguillio N.P.
Malalcahuello N.R

male/male trees (Tab. 2 and 4). Nalca Valley
and one of the plots in Conguillio N.P.
showed medium levels of regeneration. Ne
vertheless, in Nalca Valley regeneration was
found to be better in open zones while in
Conguillio N.P. regeneration was found in
full shade zones (Fig. 2A, 2B and 2C).
In Nahuelbuta Cordillera, araucaria showed
medium levels of natural regeneration for
ming even aged stands associated with N.
dombeyi (Tab. 2, Fig. 2E). Furthermore, due
to the high forest density in these stands a
higher proportion of trees were found with
umbrella form. In Malalcahuello N.R. arau
caria stands grew in different physiographi
cal conditions (slope and aspect). In Cunco
District, the stand (N. Dombeyi and N. Pumi
lo) and the canopy composition (percentage
of associated species) displayed irregular
natural regeneration (Tab. 2).

Establishment of a tree network for the
genetic diversity analysis
Altogether, 371 trees were catalogued, 193
males and 178 females. Nevertheless, the
different characteristics of the evaluated
stands made our initial objective feasible in
only two locations, Cunco District and
Malalcahuello N.R. The target number of fe
male trees was also achieved in two other
sampling sites, Nalca Valley and Lanin N.R.
and the target male in one more, Nahuelbuta
N.R. (Tab. 4). The expected number of
sampled trees was not attained in all loca
tions due to the different states of the evalu
ated stands. The situation found in Villarrica
N.R. and Lolco was more complicated than
the aforementioned since the number of fe

Tab. 4 - Number of female and male trees sampled in the collecting mission.
Location

Nº Female trees

Nº Male trees

Nº Total trees

30
3
30
25
30
8
31
21
178

25
5
37
22
39
20
0
45
193

55
8
67
47
69
28
31
66
371

Nalca Valley
Lolco
Cunco District
Conguillio N.P.
Malalcahuello N.R.
Villarrica N.P.
Lanin N.P.
Nahuelbuta N.R.
Total
iForest (2009) 2: 207-212
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male trees was very low (8 and 3, respec
tively) and in the latter this was also the case
with respect to the number of male trees
(Tab. 4). In fact, in Lolco the ecological si
tuation was highly altered and with alarming
density levels (Tab. 2). These results reveal
that the trees listed in this study are the only
remaining of the species in these areas (Tab.
4). Given all this, the impossibility to attain
the sampling target is clear proof of the
threat to its genetic diversity.
Nevertheless, we consider that not only the
number of catalogued trees but also their dis
tribution (spatial, sexes and age classes) is an
excellent basis for genetic analysis, provi
ding for a first round examination of the spe
cies from a broad distribution range and al
lowing the identification of further areas of
interest.
Our future goal, whenever funding will be
available, would be to address the above
studies using genetic markers as seed storage
proteins and SSRs. Indeed, the former have
been used as an estimator of the genetic di
versity in forest species (Álvarez et al. 2003,
Álvarez et al. 2004, Martín et al. 2005,
Martín et al. 2008) and in the case of co
nifers this technique is particularly favou
rable, given the haploid nature of the reserve
tissue.
In fact, as the collecting mission was car
ried out in the fruit ripening period, an addi
tional activity of sampling seeds from all fe
male trees was undertaken. We consider that
the use of both kinds of the above markers
will provide good information to set up lines
of action aimed to ensure the preservation of
the species genetic resources and its survival
for future generations.

Conclusions

The expedition showed that the natural re
generation of A. araucana is low or nonex
istent in most of its distribution range, and
this is the most evident sign of araucaria
forests degradation. Furthermore, the state of
degradation is such that the aim of establi
shing a tree network to be used in genetic di
versity studies was only partially achieved.
Taking into account both regeneration abi
lity and the total number of catalogued trees
in each site, the best conserved areas were
Malalcahuello N.R., Cunco District and
Nahuelbuta N.R. Conversely, a severely
altered situation was detected in Villarrica
N.R., Lanin N.R. and Lolco. In fact, preli
minary results allowed areas of dramatic
landscape alteration to be identified as
Lolco, which according to the available in
formation has experienced an extensive loss
of populations throughout its distribution
range. This should be a priority area for con
servation because if the current will persist,
the above araucaria population will be lost,
as it happened with other habitats.
To sum up, the complex structure and dis
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Fig. 2 - A representative sample of the A. araucana different habitats catalogued in Chile and Argentina. A) Cunco District (Chile); B)
Malalcahuello N.R. (Chile); C) Conguillio N.P. (Chile); D) Lolco (Chile); E) Nahuelbuta N.R. (Chile) and F) Lanin N.P. (Argentina).

© SISEF http://www.sisef.it/iforest/
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tribution range of the species makes a stra
tegic approach necessary to conserve the ge
netic resources of the species and guarantee
its future. In fact, the genetic studies that can
be carried out on the basis of this tree net
work will be of great utility for the develop
ment of this strategy.
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