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ABSTRACT 

I analyze Chile's biological diversity in terrestrial and marine environments, including information on the magnitude of 
biodiversity at three levels (ecosystem, species, and genetic). I identify the main values, and the importance of conserving such 
heritage, making comments about past and current activities of some national institutions interested in biodiversity conservation. 
I emphasize actions related to increasing and improving knowledge on biodiversity, legislation, some economic and social 
values, and protection of biodiversity in the field. I identify the main threats to Chile's biodiversity and give recommendations 
for maintaining and enhancing its conservation. Chile has developed many efforts to avoid biodiversity losses. It has enacted 
legislation, maintained institutions, and taken actions that favor biological diversity. However, some of the policies, legislation, 
and actions have been too specific, disperse, and uncoordinated. A system of inter-institutional coordination is urgently required. 
An efficient approach, through symposia, to identify the most threatened woody plant and terrestrial vertebrate species, was 
developed. Now, is time to define conservation status for species not included in previous symposia, identify the most threatened 
species, and begin programs to increase their population size. It is essential to initiate actions concerning the protection 
of amphibians, reptiles, cacti, and non-woody terrestrial plants. Also, it is urgent to start conservation activities for aquatic 
environments. Coastal and marine protected areas need to be created to protect their biodiversity. 

Key words: natural ecosystems, natural forests, protected areas, threatened species, environmental protection. 

RFSUMEN 

Analizo la diversidad biol6gica de Chile en ambientes terrestres y marinas, incluyendo informaci6n sobre la magnitud de la 
biodiversidad en sus tres niveles (ecosisternico, especffico y genetico). Identifico sus principales valores y la importancia de 
conservar dicho patrimonio, hacienda comentarios sobre las acciones realizadas y lo que están hacienda algunas instituciones 
nacionales interesadas en conservaci6n de la biodiversidad. Enfatizo las actividades sobre biodiversidad relacionadas con 
incrementar y mejorar su conocimiento, su legislaci6n, algunos de sus valores econ6rnicos y sociales, y su protecci6n en terreno. 
Enuncio las principales amenazas a la biodiversidad de Chile, y formul6 recomendaciones para mantener y mejorar su 
conservaci6n. Chile ha desarrollado muchos esfuerzos para evitar la pérdida de su biodiversidad. Ha promulgado legislaci6n, 
mantenido instituciones y ejecutado actividades que favorecen la diversidad biol6gica. Sin embargo, algunas de las politicas, 
legislaci6n y acciones han sido demasiado especificas, dispersas y descoordinadas. Su sistematizaci6n y coordinaci6n inter-
institucional se requiere con urgencia. El metodo de simposios para lograr consenso y priorizar las especies leiiosas y de 
vertebrados terrestres m ás amenazadas de extinci6n ha sido eficiente. Ahora se requieren acciones para definir el status de con-
servaci6n de las especies no incluidas en Ios simposios previos, seleccionar las especies másamenazadas y comenzar programas 
para recuperar sus poblaciones. Es esencial iniciar acciones relativas a la protecci6n de anfibios, reptiles, cactaceas, y plantas no 
leiiosas. Tambien es urgente iniciar acciones para la conservaci6n de ambientes acuaticos y crear áreas protegidas costeras y 
marinas, para proteger su biodiversidad. 

Palabras claves: ecosistemas naturales, bosques naturales, áreasprotegidas, especies amenazadas, protecci6n ambiental. 

INTRODUCTION 

The concept of biological diversity, or biodi-
versity, and associated concepts such as biotic 
resources, genetic diversity, species diversity, 
and ecosystem diversity are becoming im-
portant throughout the world and are receiv-
ing greater attention every year. Biodiver-

(Received 3 november 1992; accepted 16 august 1993.) 

sity is comprised of different organizational 
levels of living organisms, and includes the 
ecosystems and ecological processes of 
which they are a part. Three basic levels of 
biodiversity are recognized: a) ecosystem 
diversity (differences among systems of liv-
ing organisms); b) species diversity (dif-
ferences among species); and c) genetic 
diversity (genetic differences within a sin-
gle species) (WWF 1989, McNeely et al. 
1990). 
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Although all ecosystems are important, 
some have special value due to their biological 
diversity, endemism, and genetic resources. 
Tropical systems are the world's richest in 
local diversity, but the ecosystems of the 
Mediterranean-climate regions are also quite 
rich (di Castri & Mooney 1973). Data on 
species numbers and degree of endemism for 
Mediterranean-climate regions form the basis 
for identifying them as critical sites for 
conservation (Mooney 1988). 

The number of species is not the only reason 
to protect ecosystems. For example, "arid and 
semi arid lands harbor only a very small number 
of species compared with tropical forests. But 
because of the adaptations of these species 
to harsh living conditions, they feature many 
potentially valuable biochemicals" (WCED 
1987). If the predicted trend in global warming 
occurs, plants adapted to more arid climates 
could become increasingly important sources 
of food and raw materials. 

Although Chile does not have the species 
diversity of its tropical neighbors, it should 
receive international attention because of 
the uniqueness of some of its ecosystems 
and species. In fact, Chile has: one of the five 
Mediterranean-climate regions in the world 
(McNally 1990); arid and semiarid coastal 
ecosystems dependent on marine fogs; high 
endemicity of higher plants in the Juan 
Femandez Archipelago; and most of the on-
ly temperate rainforest in Latin America 
(Ovington 1983, Alaback 1991). Chile has 
fewer species than tropical countries, but the 
species present have a high degree of ende-
mism. These species suffer strong pressure 
due to human activities, especially pollution, 
exploitation, and reduction of habitat (Armes-
to & Arroyo 1991). In addition, many native 
species, especially trees and marine fishes form 
the basis for important industries and artisanal 
economic activities. 

Here I provide: a) a broad view of the eco-
logical value and extent of Chilean biodi-
versity; b) a gross estimate of the financial 
contribution of certain biodiversity elements 
to the Chilean economy; c) information on 
actions taken to improve basic understanding 
ofbiodiversity; d) information on actions taken 
to increase public awareness of the need to 
protect biodiversity and develop its potential; 
e) a proposal to monitor aspects ofbiodiversity 

for a better understanding of its contribution 
to Chile's economy and human welfare; and 
f) recommendations of specific actions for 
the current decade to conserve Chile's biodi-
versity. 

EXTENT OF CHILE'S BIODIVERSITY 

Ecosystem level 

Chilean ecosystems, especially their plant 
components, are very diverse because of the 
extreme range of latitudes and altitudes found 
within the country. These physical features 
have resulted in a high diversity of ecological 
conditions, and have created habitats to which 
organisms have evolved and adapted. Chile 
stretches nearly 4,200 km -almost 40• in lat-
itude- along a north-south axis. Other charac-
teristics of Chile contributing to ecological 
diversity include: a) variable altitudes (ranging 
from sea level to 6,893 m in the Nevado Ojos 
del Salado mountain [27o 06' S 68° 35 W]) 
(IGM 1988); b) diverse slope exposures to 
the sun; c) variable rainfall regimes (ranging 
from 0 mm in Los C6ndores, Tarapaca, [20° 
15' S - 70° 07 W] to 4,266 mm in San Pedro, 
Aisen, [47° 43' - 74° 55']) (di Castri & Hajek 
1976); d) temperatures with ample variations 
between day and night; e) intense volcanic 
activity - more than two thousand volcanoes 
are located along the Andean cordillera and 
no less than 50 of them are active (Rottmann 
& Piwonka 1987, Leitch 1990); f) presence of 
two mountain chains (Cordillera de la Costa 
and Cordillera de Los Andes) that extend north 
to south throughout most of the country; g) 
remarkable geological and ensuing edaphic 
diversity; and h) proximity to the ocean for 
most of its territory. 

In addition, the isolation of some parts 
of the Chilean territory due to the extremely 
dry Atacama Desert in the north, the Andes 
Mountain Range in the east, the continental 
ice caps, fjords, glaciers, and marine channels 
in the south, and the Pacific Ocean in the 
west, have caused the country to develop many 
biological aspects characteristic of an island, 
wherein many of the terrestrial species and 
ecosystems are unique to the country. For 
example, according to Udvardy's classifica-
tion, four of the 227 world biogeographical 
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provinces are found exclusively in Chile 
(Udvardy 1984). At the species level, over 
55% of the vascular flora is endemic to Chile, 
a percentage higher than any other continental 
country in Latin America (Gajardo 1983, 
Marticorena & Quezada 1985, Davies et al. 
1986). Regarding fauna, only Mexico and 
Brazil have a higher percentage of endemic 
vertebrates than Chile, with 30%, 24%, and 
14% respectively (The Nature Conservancy 
1988). This degree of uniqueness is an impor-
tant indication of the richness of biodiversity 
in Chile. 

The north has a vegetation that varies from 
the "Lomas Formation" in the coast, to barren 
lands inland. On the western Andean slopes 
there are deciduous scrub communities. In the 
high Andean plateau (puna), over 4,000 m of 
altitude, the vegetation changes to grasslands 
and some plant communities endemic to salt 
lakes and boglands (Gajardo 1983). In central 
Chile, the Mediterranean climate permits the 
existence of hard-broadleaf evergreen (sclero-
phyll) scrub and forest communities in. low-
lands, whereas the highlands are covered with 
montane southern beech forests, composed 
mostly of deciduous trees of the genus Notho
fagus (e.g., N. obliqua, N. glauca). The southern 
part of the country contains large temperate 
forests. At lower elevations, where high 
humidity and mild temperatures permit the 
vigorous growth of vegetation, there is a lush 
broadleaved evergreen rainforest It is typically 
composed of large trees, a dense understory 
forming two or three strata, and abundant 
amounts of lianes, mosses, lichens, bamboos, 
vines, ferns, and epiphytes. Its physiognomy is 
reminiscent of a subtropical rainforest 
(UNESCO 1981,Rottmann 1988,Leitch 1990, 
Alaback 1991). In high elevations there are 
southern beech (Nothofagus) forests mixed with 
coniferous trees (e.g., Araucaria araucana and 
Fitzroya cupressoides). The only glacial tundra 
in South America is located in the extreme 
south of Chile, which includes Tierra del Fue-
go and adjacent islands. This zone has a com-
bination of temperate broadleaved evergreen 
rainforests and boggy moorlands, found in the 
lowland slopes near the channels, and evergreen 
and deciduous subpolar forests found in the 
mountains and farther inland. 

The Chilean flora, besides its affinity to the 
vegetation of neighboring countries, is also 

related to vegetation found in places as distant 
as California, New Zealand and Sub-Antarctic 
islands, Tasmania, New Caledonia, Australia 
and Tristan da Cunha Archipelago (Godley 
1960, Davies et al. 1986, V aldebenito et al. 
1990). 

Many classifications have been proposed 
at the ecosystem level, especially for terrestrial 
environments. Most of these ecosystem clas-
sifications are based on the climate or the type 
of vegetation cover. Some of the most impor-
tant classifications which include the terrestrial 
environments of the entire country are: Reiche 
(1934, 1938), Pisano & Fuenzalida (1950), 
Schmithiisen (1956), Mann (1960, 1964), 
Oberdorfer (1960), Pisano (1956, 1966), di 
Castri (1968), Donoso (1981), Quintanilla 
(1981, 1983), and Gajardo (1983). Also, some 
classification systems based on fauna have 
been attempted (e.g., Osgood 1943 [mam-
mals]~ Johnson & Goodall 1965 [birds]; Pefia 
1966 [insects]; O'Brien 1971 [insects]~ Artigas 
1975 [invertebrates]). 

As an example of the disparity in the clas-
sification of the principal ecosystems, 
according to Udvardy (1984), the Chilean 
territory includes parts of 3 of the 8 world 
realms (Neotropical, Oceanic, and Antarctic) 
and 12 of the 227 world biogeographical pro-
vinces (including the Chilean Antarctic Te-
rritory, Juan Fernandez Archipelago, and 
Easter Island). For the same territory, di Castri 
(1968) defined 16 ecological regions (in-
cluding the Chilean Antarctic Territory), and 
Gajardo (1983) proposed a division of eight 
ecological regions, 17 ecological subregions, 
and 83 floristic formations. Gajardo's clas-
sification system did not include either the 
Chilean Antarctic Territory or the oceanic 
islands, such as Juan Fernandez Archipelago, 
Sala y G6mez, San Felix, San Ambrosio, and 
Easter Island. 

Chile's ecosystem diversity is enhanced by 
its diverse marine life. This diversity is a result 
of about 10,000 km of coastline, upwelling 
currents, and national waters surrounding the 
offshore islands (IGM 1988). For example, 
59% (33 species) of the marine mammals in 
the southern hemisphere are represented in 
Chile's coastal waters (Sielfeld 1983). Some 
classifications made for larger regions present 
some divisions for the Chilean sea (Balech 
1954, Darlington 1968, Ray et al. 1984). 
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Designed for the national level, the description 
of Chilean marine life by Mann (1954), and 
the classification of Chilean marine environ-
ments proposed by Castilla (1975), are note-
worthy attempts. 

Species level 

Different authors provide different species 
numbers for Chile. Gajardo (1983) indicated 
4,758 vascular species, grouped in 190 families 
and 965 genera. Of these, 2698 species are 
endemic to Chile, 1632 are also present in 
other countries, and 428 species have been 
introduced and are naturalized. On the other 
hand, Marticorena (1990) asserted that the 
number of vascular species is 5,082, group-
ed in 192 families and 1,032 genera (Martico-
rena & Quezada 1985). Of the total number of 
vascular species, 157 are pteridophytes (ferns), 
including 120-125 continental taxa, 16 
gymnosperms (conifers) and 4,946 angio-
sperms (flowering plants) (Gunkel 1984, 
Marticorena & Quezada 1985, Rodrfguez 
1989, Marticorena 1990). 

Whatever the source, the endemicity of the 
Chilean flora is extremely high in many groups, 
in comparison with other parts of the world 
of similar size. For example, many genera of 
plants have restricted distributions; about one 
third of the 66 endemic genera are located in 
areas smaller than 3o latitude (Annesto & 
Arroyo 1991). 

Chile's terrestrial and freshwater vertebra-
tes are relatively well known. For the entire 
country, the number of terrestrial vertebrates 
is 722 (Simonetti et al. 1992), including 124 
native mammal taxa. In addition, there are 
two domestic species of South American 
camelids (Lama g,Lama and alpaca Lama 
pacos), 15 introduced and naturalized mam-
mals, and six species still not reported in the 
Chilean territory but probably found within it 
(Tamayo et al. 1987, Spotorno 1990). No fewer 
than eight genera of mammals are endemic to 
Chile (Osgood 1943). Also, there are 439 bird 
species (Araya 1985, Sallaberry et al. 1991), 
97 reptiles (Donoso-Barros 1966, Veloso & 
Navarro 1988), and 41 amphibians (Cei 1962, 
Veloso & Navarro 1988), and 44 freshwater 
fishes (Arratia 1981). 

Kuschel ( 1960) studied the relationships of 
southern Chile's terrestrial fauna with that in 

other countries and concluded that "a large 
number of elements in the fauna of southern 
Chile shows no phylogenetic relationship with 
the rest of the American fauna, but are related 
to groups in New Zealand, Tasmania, Austra-
lia, New Guinea, South Africa, and the Sub-
Antarctic islands." 

There is no complete compilation of marine 
species, except for marine mammals (Sielfeld 
1983) and macro-algae, with 550 benthic spe-
cies (Santelices 1989). The estimated number 
of fishes is 972 (Simonetti et al. 1992), dis-
tributed in places as ecologically different as 
the South Pacific sea, the Antarctic Sea, and 
surrounding oceanic islands in the Polynesia. 

Due to the distinctive characteristics of 
Chile's oceanic islands, they have received 
special attention from scientists (Castilla 
1987). The marine life of Easter Island and of 
Juan Femandez Islands, deserve special 
attention because of their diversity and ende-
micity. A total of 111 fish species have been 
recorded for Easter Island and 146 for the 
Juan Fernandez Archipelago. Few species are 
shared between these two island groups and 
the percentage of endemics is relatively high 
(about 20%). Easter Island fish has a greater 
affinity with forms of the Tropical Indo-
Pacific, whereas Juan Fernandez has more 
elements from the Cold Temperate Region 
and the Eastern Pacific (Sepulveda 1987). The 
marine benthic flora of Easter Island includes 
166 taxa of algae and that of Juan Fernandez 
has 110 species, but this number may be larger 
because many places are yet unexplored 
(Santelices 1987). Although published infor-
mation is scarce, many invertebrate species 
likely flourish on Easter Island, given that 
high species diversity is often associated with 
warm waters and abundance of coral reefs, 
both characteristics of Easter Island. For 
example, of 115 species of littoral mollusks, 
42% are endemic to this area (Rehder 1980). 

For the whole country, the information on 
the number of species such as viruses, bacteria, 
molds, lichens, protozoans, sponges, nemato-
des, sea stars, corals, and arthropods is incom-
plete, disperse and obsolete (Simonetti et al. 
1992). Some exceptions are fresh water algae 
(Parra & Gonzcilez 1977), benthic algae (San-
telices 1989), fungi (Richatt et al. 1980), 
mosses (Mahu 1979), crustaceans (Retamal 
1981), echinoderms (Larrafn 1975), mollusks 
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(Osorio 1979), and annelids (Rozbaczylo 
1985). Because it is difficult to give the exact 
numbers of species in each group, it would be 
useful to compile all the available infonna-
tion and identify where gaps exist. These data 
would indicate the number of species that 
comprise the biological diversity of Chile's 
territory. 

Up to now no institutions have compre-
hensive computerized species databanks. 
The only exception is a databank managed 
by the University of Concepci6n's Labora-
tory of Botany which, in collaboration with 
the National Museum of Natural History and 
the University of Chile's Laboratory of 
Plant Systematics and Ecology, has a databa-
se on vascular plants (Annesto & Arroyo 
1991). 

Genetic level 

Scientific knowledge about genetic diversi-
ty within species is almost nil, except for 
the potato (Solanum etuberosum), the genus 
Nothofagus (Donoso, 1987), and some ge-
nera endemic to the Juan Fernandez Archi-
pelago, such as Dendroseris (Crawford et 
al. 1987), Whelenbergia (Crawford et al. 
1990), Chenopodium, and others (Stuessy et al. 
1990). 

Due to their high-quality timber and rapid 
growth rate, N. alpina and N. obliqua have 
been intensively studied by the Chilean Forest 
Service (CONAF), several universities, and 
some private companies. In tenns of protection 
of genetic diversity, a 20-ha seed orchard with 
genetic material from N. alpina plus trees from 
different provenances was established in 1990, 
near V aldivia. This nursery will be capable of 
providing genetically superior seeds for 
planting 1,500 ha/yr (Chilean Forestry News 
1990). Because Chile is a center of potato 
genetic diversity, all Chilean species and 
varieties of wild potatoes have been studied 
by the Austral University of Chile with the 
support of FAO and the International Board 
for Plant Genetic Resources (IBPGR). For 
vertebrates, some studies on genetic variation 
have been conducted on small mammals (e.g., 
rodents of the genus Euneomys by Reise & 
Gallardo 1990) and on some endangered 
species (e.g., vicuna [Vicugna Vicugna] by 
Norambuena 1992). 

MAIN BIOLOGICAL, ECONOMIC, AND SOCIAL 
VALUES OF CIDLE'S BIODIVERSITY 

Terrestrial ecosystems 

Some terrestrial ecosystems deserve special 
mention due to their unique characteristics 
and the high percentage of endemism among 
their component species. They include the 
Lomas fonnation in the coastal north (24-29° 
S), the sclerophyllous shrubland and forest 
(32-37° S)(IUCN/WWF 1987), the montane 
forests of northern deciduous N othofagus. (33-
370 S), the evergreen hard broadleaved forest 
(33-34° S), the temperate forest of the Juan 
Fernandez Islands (33° S, 79° W), and the 
temperate evergreen rainforest (38-47° S). 

The communities in the Lomas fonnation 
range from desert to mesic woodlands. This 
fonnation owes its existence to sea fog con-
densation on steep coastal elevated cliffs, and 
is a center of pronounced endemism and spe-
cies diversity (Johnston 1929). Over 95% of 
the cacti in the Lomas are thought to be en-
demic, and over one third of the approxima-
tely 250 species of vascular plants are exclu-
sive to this ecosystem (Petrov 1976). 

Two of the most diverse ecosystems are 
the sclerophyllous forest and shrublands. "In 
open shrublands of the Mediterranean-climate 
regions of Chile, 108 plant species per 0.1 ha 
sample area have been reported" (Naveh & 
Whittaker 1979, cited in Mooney 1988). 

The montane deciduous forests of Notho
fagus glauca, N. obliqua var. macrocarpa, N. 
leonii, and N. alessandrii are found in rela-
tively small and scattered habitats. All these 
tree species and some of their accompanying 
species are endemic to that portion of the Chi-
lean territory. 

The evergreen hard broadleaved forest 
is dominated by Beilschmiedia miersii and B. 
berteroana, Persea lingue and P. meyeniana, 
and contains many other endemic species. 

The temperate forest of the Juan Fernandez 
Archipelago is especially important for its 
diversity and uniqueness, because only a 
few plant species are related to those on the 
mainland. Skottsberg (1956) found that these 
islands contain 147 angiospenns, of which 
69% are endemic to the archipelago. More 
recent infonnation stated that there are 362 
vascular plants, of which 210 are indigenous, 
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with 60% of the latter being endemic to the 
islands (Marticorena 1983, cited in Ricci 
1990). Besides the endemism at the species 
level, the endemicity at the generic level is 
very high ( 19%) and there are two endemic 
families (Lactoridaceae and Thyrsopteri-
daceae). Many plants from Juan Fernmdez 
have relatives in remote places, such as New 
Zealand, Malaysia, Hawaii, the Falklands, 
and other islands in the South Atlantic near 
Antarctica (Rottmann & Piwonka 1987). 

The temperate evergreen rainforests of 
southern Chile -locally called Valdivian 
forest-, the Pacific Northwest forest in the 
USA, and the forest in southern New Zealand 
are the only cold-temperate rainforests in 
the world (McNally 1990). Southern Chile and 
the Pacific Coast of North America have the 
largest expanses of temperate rainforests in 
the world. The Chilean rainforest still has some 
unaltered areas and has a rich and varied fau-
na, with numerous insect, birds, and small 
mammals species, including marsupials 
(Kuschel1960). In comparison with rainforests 
of North America, the Chilean rainforests 
possess about the same number of amphibian 
species, and lower numbers of reptile and 
mammal species (Meserve & Jaksic 1991). 
Some estimates indicate 315 genera and 743 
plant species for South American temperate 
forests, with about half restricted to the Pacific 
slopes of the Andes. Greater endemism and 
diversity is found in the Coastal Mountain 
Range between 34 to 43° S (Armesto et al. in 
press). 

Native forests were the most important 
source of timber for domestic consumption 
and exports. However, native wood production 
has declined since 1956 when timber from 
indigenous species represented almost 100% 
of the commercial harvest (Hartwig 1989). 
As of 1981, the "potentially productive" native 
forests, with more than 30m3/ha of timber in 
trees larger than 24 cm in diameter at breast 
height, are estimated to cover 7.6 million ha 
(10% of the country's area), with a total timber 
volume of940 million m3 (INFOR 1992). Most 
of natural forests is in private properties, being 
less than 1,5 million ha of them in the SNASPE 
(Ormazabal 1992). In the '80s, the average 
rate of deforestation was 50,000 ha/yr (0.7% 
of the total) and the average rate of planting 
(including afforestation and reforestation) was 

93,000 ha/yr (WRI 1990). These figures in-
clude both natural forests and plantations. 

In 1991, Chile's consumption of industrial 
wood was 17 million m3, of which 66% was 
from Monterey pine (Pinus radiata) and 34% 
from Eucalyptus, poplars (Populus spp.), and 
native forests. The contribution of native 
forests is still low, even though this resource 
encompasses a potentially productive area 
about five times the area of plantations. 
However, the contribution of native forests to 
total wood consumption is greater when uses 
such as charcoal and fuel wood are considered. 

In 1991, employment in the forestry sector 
was 103,322 people (2% of the total labor 
force), including silviculture, forest harvesting, 
industry, and forestry services (INFOR 1992). 
However, only a minimal fraction of these 
workers depend on native forests for their 
income, because about 90% of the forest pro-
duction in Chile comes from plantations 
composed mainly of introduced species (86.5% 
Pinus radiata and 5.5% Eucalyptus spp.) 
(Hartwig 1989). In 1990, while the total value 
of exports of the forestry sector was US$855 .3 
million, only US$73.8 million (8.6%) came 
from native species (CORMA 1991). In 1992, 
forestry exports totalling US$1.125 billion 
(INFOR 1992). 

Terrestrial species 

At the species level, and from the market 
viewpoint, the most important contributors 
of biodiversity to the national economy in 
terrestrial environments are timber trees. 
Although there are 125 native tree species 
(Rodrfguez et al. 1983), including tree-sized 
ferns and cacti, only 25 species are commer-
cially valuable for timber. They are located 
mainly in the central-south and austral zones 
of the country (i.e., south of35° S). According 
to data on sawnwood production, in 1991 the 
most important of these trees were: Laurelia 
philippiana) (88,000 m3), Nothofagus dombeyi 
(81,000 m3), N. obliqua (72,000 m3), N. alpina 
(31,000 m3) and Nothofagus pumilio (30,000 
m3). All the remaining timber species, such as 
Laurelia sempervirens, Podocarpus nubigena, 
Saxegothaea conspicua, Eucryphia cordifolia), 
Weinmannia trichosperma, and others, account 
for less than 4,000 m3 each and for a total of 
83,000 m3. Because several of the Chilean 
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timber trees have been intensively exploited 
since colonial times, commercially exploitable 
trees are now scarce, although there are still 
many stands with immature trees of these 
species. That is the case for Persea lingue and 
Austrocedrus chilensis. 

Some tree species of central Chile are very 
important, especially for economically disad-
vantaged people, because they represent the 
main source of energy for cooking and heat-
ing. The most popular trees used for fuel and 
charcoal are Quillaja saponaria, Lithrea 
caustica), Cryptocarya alba, N. obliqua, and 
Acacia caven. Some species are producers of 
chemical compounds, such as Quillaja sa
ponaria, which produces saponin in bark and 
leaves, and Peumus boldus, which produces 
boldine in its leaves. Raw materials of both 
trees have been exported in large quantities 
for many years, giving employment to many 
unskilled workers. 

Some endemic trees and shrubs are good 
producers of fodder. The most important among 
these trees is Prosopis tamarugo, planted over 
20,600 ha (INFOR 1992) in the Atacama Desert 
and in many other arid and semiarid zones in 
the world (Habit 1985). A very promising native 
forage shrub is Atriplex repanda, which is 
planted on 15,000 ha (CONAF IV Region 1990) 
in the Coquimbo region in north-central Chile, 
and is being promoted in several other dry 
regions of the world. 

There are also many other plants that are 
good producers of fodder, of bee forage, seeds, 
fruits, fiber, natural chemical products (Mui'loz 
1992), flower arrangements, and others used 
for medicinal and ornamental purposes. About 
30 genera of native plants have relatives that 
are used in agriculture (Ormazabal 1987). 

Unfortunately, the current methods of 
assessing values or contributions from native 
ecosystems and species do not take into 
account the non-timber products extensively 
used by Chileans, especially by low income 
people. All these values need to be monitor-
ed to understand better the contributions of 
native ecosystems and species to the national 
economy. 

Marine ecosystems and species 

According to Ray's classification, five marine 
environments are located on Chile's South 

American coast. Two of them are exclusive 
to the country (Ray et al. 1984). Unique cha-
racteristics are also present in the marine en-
vironments surrounding the Juan Fernandez 
Archipelago, Sala y G6mez Island, San Felix, 
San Ambrosio, and especially Easter Island. 
Many benthonic species of fishes as well as 
mollusks, crustaceans, and algae are endemic 
to Chilean waters (Castilla 1975, Santelices 
1989). 

According to the National Fishing Service 
(SERNAP), marine species commercially us-
ed in Chile for industrial and subsistence pur-
poses number 108 (SERNAP 1991). They are 
distributed among fish (59) -excluding several 
introduced species such as salmon and trout-, 
mollusks (27), crustaceans (11), algae (8), and 
others (e.g., Loxechinus albus, Otariaflaves
cens). Nevertheless, there are fewer commer-
cially important species. Many of these marine 
organisms with commercial importance are 
endemic to zones adjacent to the Chilean coast. 
Some of them are: Ostrea chilensis, Pyura 
chilensis, Mytilus chilensis, Megabalanus 
psittacus, and Genypterus chilensis (Castilla 
1976). 

Because of the 200 nautical mile marine 
Exclusive Economic Zone, from Cape Horn 
to the Peruvian border, Chile ranks 5th in 
world fishery landing. Landings in Chile 
during 1986 represented 7% of world catches 
of marine fish (FAO 1987). Industrial fishing, 
especially for fishmeal, is predominant in 
Chile. In 1990,97.5% of the harvest was pro-
cessed, 88.2% as fishmeal and 9.3% was 
canned and frozen (SERNAP 1991). 

The revenues for exports of fish and other 
marine products were US$ 934 million in 1989 
(Achurra 1990). In that year, Chile's landing 
was 6.3 million metric tons, of which 10.2% 
was artisanal (Robotham 1990). Pelagic 
species accounted for 92%, demersals 3%, 
benthonics and fish farming 5% (SERNAP 
1991). In 1990 the catch diminished, to a 
landing of 5 million metric tons of fish, 
228,861 tons of algae, 105,718 tons of moll-
usks, 26,713 tons of crustaceans, and 19,795 
tons of other species (SERNAP 1991). 
Fishmeal was the main export product with a 
value of US$ 511 million in 1989 (Achurra 
1990). 

In 1982, Chile had 41,409 fishermen, com-
posed of 18,455 artisanal fin-fishermen, 11,655 
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shellfish harvesters, and 11,299 seaweed 
gatherers. In 1989, the number of fishermen 
grew to 58,000 (Robotham 1990). The indus-
trial sector is composed of large scale fishing 
operations on the high seas in vessels larger 
than 50 gross tons, and land based plants for 
processing the catch (canning, freezing, or 
reduction). The industrial fleet in 1985 con-
sisted of 302 purse seiners, 58 trawlers and 11 
factory ships (CORFO 1986). 

MAIN THREATS TO CHILE'S BIODIVERSITY 

Terrestrial environments 

The main threats to natural terrestrial eco-
systems in Chile are forest fires, mining, fuel-
wood collection in dry lands, pollution, logg-
ing, and land use changes. Minor problems 
are poaching and encroachment of public lands 
by squatters. The relative importance of each 
problem varies according to ecological zones. 
In some zones, introduced wildlife such as 
rabbit, beaver, hare, deer, and mink have 
created ecological disturbances. 

Ecosystems in arid and semiarid zones are 
being altered by mining, pollution, animal 
husbandry, fuel wood gathering, and water 
tapping. Cacti are threatened by collectors, 
and these ecosystems as a whole are being 
endangered by population pressures (MacPhail 
& Jackson 1973). The need for conservation 
is critical here because most of Chile's dry land 
ecosystems are not represented in protected 
areas (Ormazabal 1986a). 

In the Mediterranean-climate zones, natu-
ral ecosystems, especially the sclerophyllous, 
montane, and hard broad leaved forests are 
being affected by agriculture, livestock brow-
sing, replacement by forestry plantations with 
introduced species, forest fires, and collection 
of fuelwood. All these activities are very in-
tense because about 74% of the country's 13 
million population lives in central Chile (32-
380 S) (Arz6n 1992). Critical sites of Medite-
rranean-climate ecosystems are located very 
close to cities. Only a few ones remain rela-
tively untouched, such as those on the southern 
slopes of the Coastal Range near Lo Prado, 
and the Macizo de Cantillana. 

In the montane forests of the Maule and 
Bio-Bfo regions, northern Nothofagus forests 

have been largely replaced or deteriorated by 
agriculture, livestock farming and Pinus ra
diata and Eucalyptus spp. plantations. 
Particularly in the Maule Region, these factors 
have led to the local extinction or endanger-
ment of a multitude of native plant and animal 
species (R6mpczyk 1988, Lara et al. 1991). 
Therefore, these diminishing indigenous fo-
rests, rich in endemic species having restrict-
ed distributions, increasingly appreciate in 
strategic value and ecological importance 
(Ormazabal 1989). One example is the tiny 
Los Ruiles Forest Reserve, which within its 
45 ha protects two of the four most endangered 
tree species in Chile (Nothofagus alessandrii 
and Pitavia punctata). 

The reduction of the remaining relatively 
well conserved forests of the Andean Precor-
dillera of Maule (VII Administrative Region) 
and Bio-Bfo (VIII Administrative Region) 
could affect the genetic variability of valuable 
timber species such as Nothofagus dombeyi, N. 
pumilio, and N. alpina, whose northern 
distribution boundary is in this zone (Donoso 
1987, Ormazabal & Benoit 1987). Scientists 
that attended the "Symposium on Chilean 
Threatened Trees and Shrubs" identified the 
Maule Region as an area with important 
genetic resources. The Maule Region concen-
trates the four Nothofagus taxa endemic to 
Chile (N. obliqua var. macrocarpa, N. ales
sandrii, N. glauca, and N. leonii) (Rodrfguez et 
al. 1983), and the four most endangered tree 
species in the country (Beilschmiedia berte
roana, Gomortega keule, P. punctata, and N. 
alessandrii) (Benoit 1989a). 

Within the 1,000 km between V alparafso 
and Puerto Montt, private companies are buy-
ing lands to plant with pines and Eucalyptus 
spp., because of the good growth rates and 
closeness to forestry mills and seaports. In 
this situation, the main responsibility of 
the Government is to ensure that the new 
plantations are not replacing native forests 
appropriate for sustainable management, and 
to assure through socially accepted mecha-
nisms the conservation of the identified places 
with high endemism and diversity. 

About half of the endemic species of Juan 
Femandez Islands are endangered (Davies et 
al. 1986). One of the most threatened, is Lac
toris fernandeziana, in the monotypic family 
Lactoridaceae. Despite the fact that 95% of 
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the Juan Fem4ndez islands area has national 
park status, historic deforestation, soil erosion, 
and domestic and feral animals -including 
European rabbits, goats, sheep, coatimundis 
and horses- are seriously threatening the ori-
ginal ecosystems (Stuessy et al. 1984). Also, 
introduced plants pose a serious threat to the 
native flora. Since the discovery of the islands 
more than 400 years ago, a number of addi-
tional angiosperm species have also been 
introduced. The number of weedy taxa now 
equals that of the native flora (Skottsberg 1922, 
Sanders et al. 1982). An important fraction of 
the original forest is gone from the islands, as 
a result of introduced plants and animals. The 
amount of forest area that disappeared between 
1917 and 1983 varied from 9% to 67% in 
seven study sites and natural revegetation is 
almost non-existent due to the introduced 
species of flora and fauna (Stuessy et al. 1984). 
Fortunately, CONAF is executing a recovery 
and protection plan for the most endangered 
species, with the financial support of the World 
Wide Fund for Nature, WWF. 

In the temperate rainforest, the main threats 
to biodiversity conservation are inadequate 
logging, grazing and browsing within the 
forest, artisanal fuelwood production, change 
in the land use to agriculture and pasturelands, 
and substitution of native forests for planta-
tions with alien tree species. "Over 50% of 
the Chilean endangered or vulnerable species 
live in the temperate region. Habitat destruc-
tion and illegal harvesting are the prime factors 
diminishing their populations" (Simonetti & 
Armesto 1991). 

Since 1986, exports of wood chips derived 
from native forests have increased drastically 
provoking opposition from some Chilean and 
foreign environmental Non Governmental 
Organizations (NGOs). The main criticisms 
have been directed at the limited control on 
compliance of management plans of native 
forests that the government can exert, due to 
the insufficient funds and personnel allocated 
to this activity. On the other hand, the value of 
exports has grown drastically, improving 
employment and economic activity in unde-
veloped zones. While in 1986 wood chip ex-
ports amounted to US$ 3.5 million, in 1991 
they reached US$ 151.5 million. US$ 85.5 
million (51%) came from 1.7 million m3 of 
native wood and the remaining from eucalyp-

tus (US$ 55 million) and Pinus radiata (US$ 
15 million) (Lagos 1992). 

Technically, there is nothing wrong with 
chip production. On the contrary, it could be 
the solution for recovering and upgrading the 
historically selectively exploited native forests 
of the country by making the urgently needed 
silvicultural practices profitable, and by pro-
viding a market for woody material resulting 
from thinnings and sanitary cuttings. The real 
problem is how to assure that high-quality 
young trees and the genetically valuable parent 
trees will be left standing, instead of using 
them as material for chips. 

As a way to face these challenges, in April 
1992 the Government submitted to Congress 
a bill on native forests. The discussion process 
has involved many key players, such as 
environmental NGOs, university forestry 
schools, forestry companies, the National 
Association of Professional Foresters, and 
other organizations (Chile Forestal 1992). 
Enacting a law on native forests that clearly 
defines the role of public and private natural 
forests, seems to be an adequate approach to 
reconcile Chilean economic and social needs 
with the need to conserve and promote sustai-
nable use of these forests. Nevertheless, 
additional means should be explored, espe-
cially for those biomes which do not have (or 
have insufficient) coverage in the National 
System of Protected Wildlands (SNASPE, 
Spanish acronym for Sistema Nacional de 
Areas Silvestres Protegidas del Estado). In 
this latter case, general legislation is not 
enough. An effective way to protect their 
integrity is to incorporate adequate samples of 
those forests into SNASPE. Toward that pur-
pose, some proposals have been formulated 
(Ormazaball986a, Valencia et al. 1987). 

Marine environments 

The main problems of preserving biological 
diversity in Chilean marine environments are: 
a) over-fishing; b) pollution due to industrial 
activities and coastal cities; c) ecological al-
teration because of introduced species (CIPMA 
1990). 

The central issues in the fishery sector are 
establishing whether the current rate of ex-
ploitation is sustainable, overall and by species, 
and how to regulate harvests. The strong 
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demand for marine products has stimulated 
intensive harvesting pressure and requires 
nearly permanent regulation and control by 
authorities. 

There is some evidence that certain species 
have been stressed due to excessive fishing 
pressure (e.g., Concholepas Concholepas, 
Loxechinus a/bus). Some species are clearly 
over-harvested already (e.g., Lithodes an
tarcticus, Ostrea chilensis, Jasus frontalis), 
whereas other species reveal large fluctuations 
in abundance from year-to-year due to en-
vironmental factors (e.g., Clupea bentincki and 
Engraulis ringens). The rate of exploitation 
has an impact on the food chain and thus on 
species not harvested. 

Knowledge of the Chilean fisheries stock is 
inadequate, and little analysis has been made 
on whether the commercial harvesting of 
species is depleting these resources beyond 
their sustainable levels. Insufficient research 
is being done about the biology of marine 
species and ecosystems. This problem is 
aggravated by the increasing pollution of 
Chilean marine environments. 

Resource management measures include 
catch quotas, size limits, and seasonal bans, 
but these are difficult to enforce. SERNAP is 
responsible for applying the standards but has 
few officials and no vessels. The National 
Committee for the Defense of Aora and Fau-
na (CODEFF), the main Chilean conservation 
NGO, has demonstrated special concern and 
contributed to the protection of marine mam-
mals. 

Aquaculture, or fish farming, may offer a 
solution to stock problems, but is not effective 
for pelagic (open sea) species, such as sardines. 
Aquaculture is being used effectively to 
increase production of high value species such 
as trout, salmon, oysters, mussels, scallops, 
and algae (SERNAP 1991). However, fish 
farming in lakes is receiving strong criticisms 
from environmental NGOs and other social 
organizations. They argue that this activity 
brings about pollution and threatens native 
fish species due to the escape of the introduced 
salmon and trout. 

For marine plants, the protection afforded 
is insignificant. Strong human pressure is 
placed on some marine algae (seaweeds), es-
pecially on Gracilaria spp., Lessonia nigres
cens), (lridaea spp.), and Durvillaea antarctica. 

Other fishery sector concerns include: a) 
lack of management of guano bird colonies in 
the north; b) under-utilization of some marine 
resources (e.g, for seals only their fur is used, 
for crabs only their claws are utilized, and 
production of fishmeal from high-quality fish); 
c) illegal killing of dolphins, penguins, and 
seals for use as bait in king crab extraction. 

ACI10NS EXECUTED IN CHILE TOWARD 
BIODIVERSITY CONSERVATION 

Terrestrial ecosystems and species 

a. National legislation 

In Chile, the concern for protecting nature, 
including its biological diversity, had its legal 
origin when the country was a colony of Spain. 
In the sixteenth century, Spanish rules and 
laws were enacted to protect the forests. The 
first Chilean decrees and laws for protecting 
forests or certain tree species were issued in 
the nineteenth century. The first supreme 
decree on "forest cutting" was enacted in 1859. 
It was specifically targeted to control the 
exploitation of the Fitzroya cupressoides forest 
(Cabeza 1988). 

Lately, several decrees protecting or con-
trolling the exploitation of other plant species 
(e.g., Quillaja saponaria, Azorella compacta, 
Weinmannia trichosperma) have been enacted. 
Also, there are regulations that selectively 
protect some species, declaring them as "na-
tural monuments" (e.g., Fitzroya cupressoides 
and Araucaria araucana, through decrees 
enacted in 1976). 

In 1980, the Ministry of Agriculture's Su-
preme Decree 259 classified the Chilean native 
forests into twelve "forest types" and defined 
legally accepted harvesting methods for each 
type. These standards tend to secure an ade-
quate replacement of the forest, whether 
through natural regeneration or planting. 

In addition to these efforts on plant protec-
tion, biodiversity conservation for wildlife has 
been attempted through other means, such as 
the enforcement of the Hunting Law (enacted 
in 1929) and its successive regulations. The 
latest hunting regulation (Supreme Decree 133, 
June 1992) prohibits the capture or killing of 
all vertebrate species, except for those intro-
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duced or those indigenous animals that are 
clearly abundant. 

The National Commission on Environment 
(CONAMA) presented in April 1993 a draft 
of an "National Action Plan to Protect Bio-
diversity". In addition, the National Commi-
ttee on Scientific and Technical Research 
(CONICYT) created a National Sub-commi-
ttee on Biodiversity. 

b. Protected wildlands 

1. Ecological coverage through the SNASPE 

Chile is a pioneer in the creation of protected 
areas in Latin America. The Malleco Forest 
Reserve was created in 1907 and the Vicente 
Perez-Rosales National Park in 1926. Lately, 
especially during the '60s, many other pro-
tected areas have been established. In 1984 a 
National System of Protected Wildlands 
(SNASPE) was created by Law 18362 -pu-
blished in the Official Gazette on December 
27, 1984. Most of the existing national parks 
and forest reserves were integrated into the 
System. The exceptions were those units that 
did not comply with minimum requirements 
to become part of the SNASPE. Article 1 of 
Law 18362 states the following objectives re-
lated to the conservation of biodiversity:. "To 
maintain wildlands, noteworthy for its uni-
queness or representation of the country's na-
tural ecological diversity, ... with the purpose 
of ... securing the continuity of the evolutionary 
processes, the animal migrations, the patterns 
of genetic flow ... and ... to maintain and im-
prove wild flora and fauna resources and to 
rationalize its utilization." 

There are 80 land units in SNASPE. They 
comprise a total area of 13,832,184 ha, equi-
valent to 18.3% of the national territory. They 
are distributed in 30 national parks with 8, 
358, 367 ha, 39 national reserves with 5, 459, 
345 ha, and 11 natural monuments with 14,472 
ha (CONAF 1992). Regarding the land gazet-
ted as protected areas, 95% are public lands 
and 5% remain in private hands (Cunazza 
1989). In addition, there are many other legally 
protected wildlands classified into manage-
ment categories such as Scientific Interest 
Reserves and Tourist Protected Areas. They 
are not considered part of the SNASPE because 
they are primarily private lands. Also, there 

are no privately owned protected areas that 
are legally established or recognized in the 
country. The new bill on environment, includes 
the framework for the creation of private 
protected areas. 

Since 1980, the main objective for creating 
conservation units has been to protect bio-
logical diversity. Ten of the 18 protected areas 
(13 national reserves, 3 national parks, and 2 
natural monuments) established between 1980 
and 1991, have incmporated floristic forma-
tions (Gajardo 1983) previously absent from 
the SNASPE. 

Although Chile is second in South America 
and seventh in the world in percentage of 
national territory allocated to protected areas 
(WRI 1990), the SNASPE's representation 
of the natural diversity of the country is still 
inadequate (Ormazabal 1986a, 1986b, Valen-
cia et al. 1987). This is due to an inappropriate 
territorial distribution of protected areas, with 
86% of them concentrated in the southern third 
of the country, from 43° S to south. This pattern 
of distribution has resulted in the protection 
of only 54 out of 83 of the floristic formations 
present in Chile, according to the classification 
proposed by Gajardo (1983). This means that 
the SNASPE lacks 35% of the country's flo-
ristic formations (Ormazabal 1986a, CONAF 
1989a, Benoit 1991). Valencia et al (1987) 
indicated that coastal, desert, semiarid, and 
polar regions are poorly represented in the 
SNASPE. 

Even in well represented biomes, such as 
the temperate zone, some tree species (e.g., 
Beilschmiedia berteroana. Gomortega keule) 
are not included in the SNASPE (Simonetti 
& Armesto 1991 ). Tree species richness is 
greatest between 37-40° S, and declines 
sharply toward higher latitudes. Endemic taxa 
are also found largely in the same region, 
their presence decreasing both to the south 
and north. While this area concentrates over 
90% of all tree species in the temperate forest, 
only 3.8% of this land is in the SNASPE 
(Armesto et al. in press). 

The number of native tree species in the 
country has its peak in the Bio Bfo and Maule 
regions. However. in the national context Bio 
Bfo has only 2.23% of its territory allocated to 
protected areas and Maule has the smallest 
proportion, with less area included in the 
SNASPE than any of the 12 other adminis-
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trative regions of the country, comprising a 
total of only 794 ha (0.02% of the Maule 
Region's area). Only 45 ha of those correspond 
to native forests and the remaining is composed 
of lakes, sand dunes, pine and eucalyptus 
plantations (Ormaz4bal1986a, 1986b). 

2. Reasons for the existing gaps in the 
ecological coverage of the SNASPE 

The reasons vary depending on the zone of 
the country. For the Central Zone (Coquimbo 
to Chillm), the main reasons are the lack of 
public lands and the high degree of alteration 
of indigenous ecosystems. This zone has the 
highest population density of the country and 
it was also the first to be settled by the Spa-
niards. After almost 500 years of colonization, 
the pristine or scarcely altered lands are few, 
except for the high mountains and some of 
their slopes and creeks. As a result, the process 
of establishing protected areas in the Central 
Zone has been slow and spotty. This history is 
reflected in the small size of the few existing 
protected areas and in the predominance of 
national reserves, with flexible requirements 
and management standards (Weber 1990). 

CODEFF, with WWF funding, has surveyed 
the exploitation of native forests in the two 
most critical administrative regions (Maule 
and Bio-Bio). It also identified the remnants 
of native forests and selected the four best 
remaining sites for conseiVation of that type 
of indigenous forests. Potential areas to protect 
were visited and given a rating according to 
several criteria. All these areas are privately 
owned (Lara et al. 1991). 

Unfortunately, buying lands for conser-
vation is not a priority for the Government 
and private actions have been extremely rare 
in Chilean conseiVation history. The only 
private foundation with a focus on conser-
vation, the Lahuen Foundation, was created 
just in 1991. As of mid 1993, this foundation 
bought 600 ha of araucaria forest, a type of 
forest already well represented in the SNASPE. 

Some government institutions have rejected 
CONAF's proposals for them to transfer highly 
valuable lands for conservation, preferring to 
sell those lands to the private sector. One 
outstanding example of this policy is the case 
of the El Radal farm (7 ,200 ha with native 
forests in the Pre-Andean Cordillera of the 

Maule Region), where a government institu-
tion refused, since February 1986 to mid-1991, 
several official petitions from CONAF and 
the Ministry of Agriculture, to transfer the El 
Radal farm to the Ministry of Public Lands; 
this is the legally necessary step to create a 
protected area belonging to the SNASPE. That 
government institution insisted in auctioning 
the farm to the highest bidder. Fortunately, in 
October 1991, under strong public pressure 
including that of local NGOs, politicians, 
CONAF, the National Tourism SeiVice, and 
the Ministry of Agriculture, it agreed to transfer 
the land to the public domain. However, as of 
July 1993, the transfer has not occurred. 

In northernmost Chile, most of the area 
belongs to the government because there is 
little private interest in acquiring land there, 
due to the aridity of that part of the country. 
Unfortunately, the places with high species 
diversity and endemism belong to mining 
companies (e.g., Paposo, near Taltal city, the 
most noteworthy zone for cacti in the country). 
In other cases, the interests of mining and 
water companies conflict with the conserva-
tionist interests and have prevented the creation 
of protected areas (e.g., Laguna del Negro 
Francisco, east of Copiap6 City). Another 
reason for the lack of representation of arid 
and semiarid ecosystems in the SNASPE has 
been the trend in the past toward protection of 
scenic landscapes with forests, disregarding 
that dry ecosystems are also worthy of con-
seiVing. 

3. Species and genetic representation 
in the SNASPE 

It is not possible to make an exhaustive analysis 
of the species represented in protected areas, 
because the number of species in each national 
park or reseiVe is not adequately known. The 
protected areas for which there are relatively 
complete species inventories are few. Vascular 
species in the national parks of La Campana 
(Villasefior 1986), Tolhuaca (Ramfrez 1978), 
Puyehue (Mufioz 1980), and Cape Horn 
(Pisano 1980, 1982a, 1982b) are the exceptions 
and have relatively complete inventories. In 
general, there is some information on verte-
brates and vascular plants but data are almost 
non-existent for invertebrates and lower plants 
(lichens, algae, fungi, etc.). 
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At the genetic level information is even 
more scarce. Evaluations of the protection gi
ven to different populations of native species 
are extremely rare. Distributional studies of 
species populations included in protected areas 
have only been done for the 10 tree species in 
the genus Nothofagus (Ormaz4bal & Benoit 
1987). 

Despite insufficient information on the 
genetics of endangered species, CONAF has 
protected many of their populations, and has 
tried to cover the maximum morphologic 
variability. This has been the case for mammals 
such as Hippocamelus bisulcus, Hippocamelus 
antisensis, Vicugna Vicugna, Lama guanicoe, 
and Chinchilla lanigera, for birds such as 
Pterocnemia pennata, Cyanoliseus patagonus, 
and (Cygnus melancoryphus), and for trees 
such as Nothofagus alessandrii, Beilschmiedia 
berteroana, and Gomortega keule. The best 
results in population recovery have been V. 
Vicugna, L. guanicoe, and C. melancoryphus. 
For example, V. Vicugna in Parinacota Pro-
vince increased from about 1,000 in 1973 to 
7,900 in 1980 (CONAF 1989) and to 26,144 
in 1990. Lama guanicoe in Tierra del Fuego 
Province increased its population from 6,663 
in 1980 (CONAF 1989) to 14,604 in 1990. 
Cygnus melancoryphus in Laguna Torca 
National Reserve and surrounding wetlands 
increased from 296 in 1979 (CONAF 1989) to 
1,198 birds in 1990 (CONAF, unpublished 
census). 

4. Threats to biodiversity conservation 
within the SNASPE 

Biodiversity conservation within protected 
areas is threatened by mining activities, water 
tapping in dry zones, forest fires, pollution, 
and resource use pressures from surround-
ing communities, in a way incompatible with 
protected area management (e.g., cutting of 
vegetation, introduction of domestic animals 
to wildlife habitats). 

Juan Fern4ndez Archipelago, the most im-
portant Chilean national park from the point 
of view of plant endemism, is simultaneously 
the most threatened park in the country. In 
1984 this park was included by The Interna-
tional Union for the Conservation of Nature 
(IUCN) in the Register of Threatened Protected 
Areas of the World; IUCN identified the threats 

as "introduced plants and animals and erosion 
caused by livestock grazing" (IUCN 1988). 
La Campana National Park is the only 
protected area that includes hard broad leaved 
forest, Chilean palm tree (Jubaea chilensis) 
forest, and the northernmost fringe of the dis-
tribution of the genus Nothofagus in the 
Western Hemisphere. This park is at the same 
time the second most threatened protected area 
in the country, suffering from mining, illegal 
grazing, and forest fires (once, a single fire 
burnt more than 15% of its 8,000 ha). 

5. Protected areas with special biological 
values 

Some of the current 80 protected areas have 
higher priority because they have unique or 
threatened ecosystems, although they comprise 
a small proportion of the total SNASPE area. 
In addition they are significant for being units 
that protect many species with restricted dis-
tribution or highly endangered species. These 
areas are located in northern and central Chi-
le, from the Tarapac4 Region to the Maule 
Region (17° to 35° S). These units include the 
national parks Pan de Azucar, Fray Jorge, Juan 
Fern4ndez Archipelago, and La Campana; and 
the national reserves Pampa del Tamarugal, 
Las Chinchillas, Rfo Clarillo, Rfo de los Ci-
preses, and Los Ruiles. 

c. New approaches for protecting 
flora and fauna 

The Chilean Forest Service has carried out a 
participative strategy to assign priorities for 
conservation of terrestrial ecosystems and 
species; the latter including some marine 
mammals (e.g., Lutra felina), penguins (e.g., 
Spheniscus magallenicus and S. humboldti), 
and fresh water fishes. The first step of the 
strategy was to determine an official con-
servation status for native species of flora 
and fauna in order to define regulations of 
permissible levels of use, and to establish 
priorities for in situ recovery and conservation 
projects or programs. The species conservation 
status was assigned by experts, from all uni-
versities, public institutions, and conservation 
NGOs. 

Three symposia were organized to reach 
agreements on species conservation status and 
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one symposium for ecosystems. IUCN cate-
gories of threats and criteria to determine such 
status were used. The main conclusions of 
those symposia are summarized below: 

1. Symposium on Chilean threatened trees 
and shrubs 

This meeting was held in August 1985 in San-
tiago. It brought together the national spe-
cialists on vascular flora. Its putpOse was to 
define the conservation status of tree and shrub 
species. The main conclusions were: 11 species 
are Endangered, 26 are Vulnerable, and 32 are 
Rare (Benoit 1989a). Currently, CONAF is 
taking action in the field to find, protect and 
recover the remnant populations of these 
species. In addition, CONAF contracted with 
the University of Chile a study of 141 sites 
where those endangered species concentrate 
(Gajardo et al. 1987). 

2. Symposium on Chilean threatened 
terrestrial and fresh water vertebrates 

This meeting was held in April 1987 in San-
tiago. It gathered the national specialists on 
terrestrial and fresh water vertebrates. Its pur-
pose was to define the conservation status 
for those species. It concluded that 50 species 
are Endangered, 92 are Vulnerable, and 53 
are Rare (Glade 1988). A consequence of the 
symposium is that conservation activities on 
species previously without protection have 
been started. 

3. Symposium on Chilean threatened herbs 
and succulents 

This meeting was held in September 1988 
in Valparafso. This symposium brought to-
gether botanists with different specialties. On 
this occasion conservation status of specific 
groups of plants were proposed. Hoffmann 
& Aores (1989) presented a paper on cacti 
and other succulent plants; Rodrfguez (1989) 
one on ferns; Hoffmann (1989) one on plants 
with bulbs, rhizomes, corms, or tubers. In 
addition, a follow-up of the species classified 
in the 1985 symposium (Benoit 1989b) and a 
proposal for protecting highly endemic and 
diverse plant sites (Ormaz4bal 1989) was 
issued. 

4. Symposium on priority sites for 
conservation of Chile's terrestrial 
biodiversity 

This meeting was held in April 1993 in San-
tiago. It gathered the national specialists on 
indigenous flora, fauna and ecosystems. The 
symposium was aimed at identifying the 
highest priority sites for the conservation of 
biological diversity throughout Chile. It con-
cluded that there are 72 priority sites. Of these, 
20 sites are placed in first priority, 26 in se-
cond, and 26 in a third level of importance 
and urgency to integrate into SNASPE. These 
sites are located mainly in northern and central 
Chile. Their main values are high diversity 
and endemism of species. In addition, the 
floristic formations where these species belong 
are absent or subrepresented from the 
SNASPE. 

In addition to working on threatened spe-
cies, CONAF is also focusing on the identi-
fication and selection of priorities for sites 
where fauna is concentrated. These are specific 
places, generally different from the surround-
ing areas, such as estuaries, ponds, small 
islands, etc., where a high diversity of species 
exists, especially of birds and in some cases 
of mammals, and where there is a high pop-
ulation abundance per species. CONAF con-
tracted studies on faunal concentration sites in 
northern and central Chile, which identified, 
described, and selected priorities for sites 
located between the Tarapac4 (17° S) and 
Maule (36° S) Regions (Schlatter et al. 1987, 
Chang et al. 1989). 

Marine resources protection 

The responsibility for protecting living re-
sources in marine environments lies in 
SERNAP, a public institution under the Mi-
nistry of Economy. Its mission is to establish 
and monitor regulations for marine species of 
flora, fauna, and for fishing and fisheries in 
marine and fresh waters. In addition, the Ge-
neral Directorate of the Marine Territory and 
Merchant Navy (DIRECTEMAR) is the ins-
titution in charge of protecting the sea and its 
inhabitants from pollution. 

An urgent priority in marine systems con-
servation, is to establish protected marine units. 
This necessity has been highlighted in many 
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meetings and scientific papers. Since 1976 
scientists have unsuccessfully proposed the 
creation of marine national parks (Castilla 
1976, 1986, Benoit 1982). Castilla (1976) for-
mulated concrete proposals indicating specific 
sites, stating their natural values, and proposing 
possible boundaries. A good starting point to 
protect the marine environments could be the 
enlargement into the Pacific Ocean of the 
present littoral borders of certain coastal na-
tional parks (e.g., Pan de Azucar, Fray Jorge, 
Rapa Nui, Juan Femandez Archipelago, and 
Chiloe). 

International agreements on conservation 
signed by Chile 

Chile is actively involved in the legal protec-
tion of biodiversity. Besides internal legisla-
tion, Chile has signed most of the international 
agreements on environmental protection for 
both terrestrial and marine environments (WRI 
1990). The country has ratified nine conven-
tions on flora and fauna protection -including 
the Biodiversity Convention- and six on 
pollution and natural heritage protection. 

In addition, Chile has seven biosphere re-
serves in UNESCO's Man and Biosphere 
(MAB) Program. These reserves encompass a 
total area of 2,406,633 ha (WRI 1990) .. Ho-
wever, the degree of representation of Chilean 
biogeographical provinces in the existing 
biosphere reserves is insufficient and it seems 
necessary to create some additional units 
(Weber 1983). 

There are at least three Chilean national 
parks that meet the requirements to be included 
in the World Heritage Sites List, under the 
Convention Concerning the Protection of the 
World Cultural and Natural Heritage. They 
are Juan Femandez Archipelago and Torres 
del Paine for their natural values, and Rapa 
Nui (Easter Island) for its cultural values. 

The only Chilean wetland identified by the 
UNESCO "List of Wetlands of International 
Importance" is Carlos AndwandterSanctuary. 
This unit has 4,877 ha and meets the requi-
rements of the Convention on Wetlands of 
International Importance, Especially as Wa-
terfowl Habitat (RAMSAR Convention) 
(IUCN 1990). However, this area is receiving 
only sporadic and partial protection because it 
is not included in SNASPE. 

CONCLUSIONS AND RECOMMENDATIONS 

Based on what was stated before, I offer the 
following conclusions: 

1) Chile has been collaborating in the global 
effort to avoid further biodiversity losses. Since 
the last century it has enacted legislation, de-
veloped institutions, and conducted activities 
that favor biological diversity. Nevertheless, 
some of the legislation and actions can be 
characterized as being too specific, obsolete, 
dispersed, or uncoordinated. Their moderni-
zation, systematization, and inter-institutional 
coordination is urgently required. 

2) The approach developed by CONAF to 
reach consensus and select the most threaten-
ed plants, vertebrate species, and ecosystems 
through symposia is innovative, modem, 
participative, and efficient. These programs 
have been developed using internationally re-
cognized and recommended policies, strate-
gies, and criteria. A coherent program will 
help Chile face the challenge of conserving 
biodiversity. Other needed actions are to define 
the conservation status for species not includ-
ed in previous symposia, and to begin pro-
grams to recuperate the populations of the 
most threatened species. For that purpose, it is 
essential that CONAF reinforces its present 
activities and starts actions to protect amphi-
bians, reptiles, cacti, and non-woody terrestrial 
plants. This strategy entails a strengthening of 
CONAF's human and material resources. 

3) For ecosystems there is no scientific 
consensus yet about how many, which ones, 
what their boundaries should be, and what 
are the priorities for conservation. This lack 
of agreement suggests that, considering the 
successes of symposia on plants and vertebra-
tes, a similar scientific meeting is urgently 
needed to reach consensus about the most 
appropriate classification system for Chilean 
ecosystems. 

4) No matter which classification system 
of Chile's natural terrestrial ecosystems is us-
ed as a reference to assess their representation 
or coverage in the SNASPE, there clearly is 
inadequate protection of some of these eco-
systems. About one third of the country's major 
floristic formations are not included in the 
SNASPE. Arid and semiarid ecosystems in 
the northern third of the country and the Me-



398 ORMAZABAL 

diterranean-type ecosystems of central Chile 
are particularly lacking representation. 

5) It is urgent that activities to protect 
aquatic ecosystems be started. Important steps 
should include the creation of coastal and ma-
rine protected areas, and the strengthening and 
expanding of functions of public institutions 
regulating fisheries and controlling the pollu-
tion of marine environments. 

I also propose that the main challenges for 
enhancing the protection of Chile's biological 
diversity during the '90s are (not necessarily 
in priority order): 

1) To stimulate scientific research, surveys, 
and monitoring to improve knowledge on 
ecosystems, native species, and their genetic 
variation. This information is needed not only 
at the national and regional or provincial levels, 
but also at the protected area level, trying to 
meet the requirements of different detail for 
each level (e.g., scales of maps). Special 
attention should be given to threatened species, 
their distribution, abundance, and their pro-
tection and propagation methods. 

2) To establish and support modem data 
bases on biological diversity and make them 
accessible to interested people and institutions. 
In order to accomplish this aim cooperation 
among national and international institutions 
should be promoted to fill in gaps and update 
information. 

3) To complete the ecological coverage of 
the SNASPE by reducing gaps at the level of 
major ecosystems and communities still not 
included (e.g., ecological regions and floristic 
formations). Also, samples of unique and 
representative marine ecosystems should be 
incorporated into the System. The design, size, 
and management of existing areas should be 
improved to meet biodiversity needs. Inven-
tories of ecosystems, communities, species, 
and varieties of flora and fauna should be 
made within each protected area. 

4) To improve, organize and coordinate into 
a single administrative system, the policies 
and legislation on indigenous ecosystems and 
species. 

5) To design and implement policies and 
operational mechanisms for integrating pro-
tected areas with the economy and local people 
of adjacent lands, in order to reduce unde-
sirable pressures on biodiversity from su-

rrounding communities. Also, quantitative data 
on socioeconomic contribution ofbiodiversity 
are urgently needed. The knowledge of local 
and indigenous people on biodiversity needs 
to be retrieved and disseminated. 

6) To strengthen public institutions in charge 
of terrestrial and aquatic biodiversity protection 
by increasing personnel, budgets, and provid-
ing access to modem technology. Personnel 
should be trained in biodiversity conservation; 
actions to stop or reduce the causes that di-
minish biodiversity should be implemented. 

7) To enhance programs on environmental 
education, to develop constituencies and raise 
awareness on the importance of biodiversity 
for human welfare. These programs should 
address the entire national community, with 
emphasis on authorities, political forces, deci-
sion-makers, teachers, and students. 

8) To establish foundations and create other 
mechanisms to assure a steady source of funds 
for supporting programs on biodiversity con-
servation and development. 

9) To develop strategies to protect and pre-
serve biodiversity in lands that are being 
managed to produce natural goods. For exam-
ple, to leave untouched strips of native forests 
in gulleys, ravines and next to streams in forest 
plantations. 
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