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Recursos Naturales, Universidad Católica de Temuco, Temuco, Chile; cDepartamento de Ecología, Facultad de 
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ABSTRACT
Constitución County in Chile shows one of the highest landscape trans-
formations in the world due to the expansion of forest plantations. This 
work describes the land use/cover dynamics over a long period extending 
over 60 years in Constitución County. The results showed that 60% of the 
county extent was covered by natural vegetationt in 1955. However, 
forest plantation increased to 36% by 1975 and reached 72% by 2014. 
This expansion was mainly achieved by replacing native vegetation 
revealing evidence of the impact of forest plantations on native vegeta-
tion even before decree-law 701 (1974). Forest plantation expansion 
produced fragmentation and loss of natural habitat, and 50% of the 
remaining habitats showed low habitat quality by 2014. Finally, in 2017 
a wildfire burned 77% and 42% of the remaining native forest and shrub-
land. These results showed the long-lasting impact of forest plantations, 
underpinning the need to move towards a new sustainable forest model.
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Introduction

Land use/ Land cover (LULC) change is an ongoing process (K.E. Locher-Krause et al., 2016) that has 
produced deforestation and forest fragmentation worldwide (Ramachandran et al., 2018; Zahawi 
et al., 2015). Global assessment of land cover change using the ESA land cover CCI product (300 
meters resolution) shows continuous deforestation between 1992–2018 in South America, Oceania, 
and Asia (Radwan et al., 2021). Additional efforts using fine-resolution images also report deforesta-
tion in tropical areas between 1982–2016 (Peng-Song et al., 2018). Both studies associated defor-
estation in the tropics with agricultural expansion, especially in South America. However, tree cover 
net change between 1982–2016 had a positive net change value of 7.1% due to the increase of tree 
cover in extratropical areas (Peng-song et al., 2018). This increase has been fostered by climate 
change, for instance, in mountain areas and the Arctic (Peng-Song et al., 2018). However, tree cover 
expansion has also resulted from policies that have promoted the establishment of forest plantations 
(Peng-Hua et al., 2018; Song et al., 2018). Forest plantations have increased worldwide in the last 
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decades (Payn et al., 2015) and currently reach 3.12% of the total world forest (FAO, 2020). South 
America has the highest annual increment of planted forest (3.14%), three times higher than the 
world average (1.1%), and 99% of this planted forest correspond to forest plantation, mainly of exotic 
species (97%) (FAO, 2020). Several studies recently started to warn about the possible negative 
impacts of exotic forest plantations on ecosystems (Pairo et al., 2021). For instance, forest plantation 
seems to contribute to habitats loss and fragmentation (Acuña & Estades, 2011; Hua et al., 2018) and 
generate homogeneous landscapes that produce conflict between wildlife and humans, increasing 
the susceptibility to invasive species, predators, and parasites (Hasan et al., 2020). In addition, forest 
plantations modify biogeochemical cycles, vegetational composition, and soil degradation, which 
affects the local hydrology and temperature patterns (K. E. Locher-Krause et al., 2017).

Consequently, it is essential to understand which ecosystems have been replaced by forest 
plantations. Thus, it is necessary to go back to earlier periods, which allows characterization of the 
changes that occurred (Heilmayr et al., 2016). LULC change mapping is considered an essential and 
widely used technique to study the changes that occur in ecosystems (K.E. Locher-Krause et al., 
2016). It allows an understanding of how species relate to the climate and their habitats 
(Ramachandran et al., 2018), facilitating the identification of conservation priorities and the genera-
tion of strategies and policies based on the different territorial conditions (Lira et al., 2012; Miranda 
et al., 2015). LULC change mapping is highly relevant to developed countries because they continue 
to expand and consume more natural resources (K.E. Locher-Krause et al., 2016). In developing 
countries, the general trends that coincide in the increase of land devoted to crops, frequently 
associated with the concept of arable land, and grasslands and the extreme decrease in forest area 
can be seen (Song & Deng, 2017). Land-use intensification refers to practices that increase land 
productivity (i) by increasing inputs per unit of land (for example, labour and information based on 
capital or technology) or the temporal frequency of land (Meyfroidt et al., 2018).

Chile is one of the countries that stands out for its forestry development. Mass afforestation began 
in Chile in 1974 with the enactment of D.L. 701 on forest promotion. This decree-law came to modify 
the forestry law N ° 4363, written in 1931. Starting in 1974 and by the end of that decade, the state 
transferred the six forestry companies to the private sector (Cornejo, 2003). Simultaneously, with the 
privatization of state companies and assets and then with the 1982 crisis, the economic groups that 
survived progressively controlled the number of hectares planted and industries associated with the 
economic transformation of plantations such as sawmills, paper mills, and mills cellulose (Camus, 
2001). Currently, according to the data provided by Instituto Forestal [INFOR] (2020), the country’s 
forest plantations reached 2303 million hectares as of December 2018, which implies an increase in 
standing plantations of 14,361 ha compared with the previous year. In 2017, the Forestry sector 
represented 1.9% of the national GDP, reaching 3373 billion pesos (US$ 5 196 million).

In Chile, forestry land cover change studies have been based on historical evidence. This evidence 
indicates that by the middle of the twentieth century, there were already areas of degraded land 
resulting from the intensive agricultural use, especially on the coast of southern-central Chile 
‘Cordillera de la Costa’. These lands would have suffered a depletion and erosion process and 
reduced the available water resources, all of which would have led to a progressive reduction in 
crops (Camus, 2006). The Chilean state began to guide different actions to reverse the problem of soil 
degradation. The first legal step was the creation of the ‘Forest Law’ (1931), which fundamentally 
aimed to regulate the use of fire, to provide incentives for reforestation, and to avoid the projected 
deficit in the future availability of wood (Frêne & Núñez, 2010). Ten years later, forest plantation 
promotion began with Corporación de Fomento (CORFO), which initiated the forestry industry with 
the first forestation plan at the country scale (1943).

Several studies have shown the radical changes that Chile’s native forests have experienced in 
recent decades (Aguayo et al., 2009; Altamirano et al., 2013; Miranda et al., 2015; Nahuelhual et al., 
2012). Between 1995 and 2011, exotic tree plantations increased approximately eight times in 
southern Central Chile (from 12,836 to 103,540 ha), leading to a significant loss of connectivity 
between forest patches (K.E. Locher-Krause et al., 2016).
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One of the negative consequences in natural ecosystems related to the expansion of forest 
plantations is habitat fragmentation and biodiversity loss (Heilmayr et al., 2020). Chile forestry 
zone overlap with one of the biodiversity hotspots (Myers et al., 2000) identified for the country, 
characterized as regions with world priority for conservation due to their high degree of endemism 
and strong anthropic impact. The ‘Chilean winter rainfall-Valdivian forests’ hotspot extends through-
out central Chile, from the Mediterranean climate zone to the temperate zone of northern Patagonia. 
The Constitución county is located within the Mediterranean climate zone, which is the one that 
concentrates the highest diversity of flora species as well as the greatest number of endemic species 
(Bannister et al., 2011).

In the five Mediterranean-type climate zones of the world (Mediterranean Europe, California, 
South-West Australia, South Africa, and Central Chile), the forestry industry has thrived due to the 
unique climatic conditions present. The seasonality of rainfall and mid-range temperatures favour 
the growth of forest species (Vizinho et al., 2021). Therefore, the USA (26.4 Mha), Chile (3.0 Mha), 
Spain (2.9 Mha), and Australia (2.0 Mha) are among the 20 countries with the highest surface of 
planted forest, and production of roundwood – the USA 141.5 (Mm3), Chile 38.4 (Mm3), Australia 19.2 
(Mm3), and Spain 11.6 (Mm3) – (Payn et al., 2015). The Mediterranean climate zones share the same 
species that have transformed the landscape. For example, in central Chile, the two species that 
dominate the forestry industry come from California and Australia. The transformation of natural 
ecosystems has also had a differentiated impact, with areas of higher transformation as Portugal and 
Spain in the European Mediterranean, and zone with fewer impacts as Australia (Underwood et al., 
2009).

This article aims to analyse the LULC change dynamics and effects on the spatial structure and 
habitat quality in the biodiversity hotspots of Central Chile for an extensive period of sixty years. To 
assess this, we applied a set of methods: photointerpretation and satellite image classification, 
transition analysis (net change, loss/gain), landscape metrics, and the Invest habitat quality model.

Materials and Methods

Study area

The study area corresponds to Constitución county (35º05’S-72º00ʹW and 35º35’S-72º37ʹW), located 
in the Maule Region, with a total county area of 1 343 km2 (Figure 1). The main geomorphological 
unit is the coastal mountains with an area of fluvial-marine plains in the northern area. Constitución 
County presents a pluviseasonal Mediterranean bioclimate (Luebert and Pliscoff, 2018)). Two vegeta-
tion types are present: Coastal Mediterranean sclerophyllous forests of Lithrea caustica and Azara 
integrifolia and coastal Mediterranean deciduous forests of Nothofagus glauca and Persea lingue 
(Luebert and Pliscoff, 2018).

Photointerpretation and image processing

First, aerial photographs were photointerpreted (Hycon) at a 1:70,000 scale for 1955 based on the 
LULC classes defined in Table 1. Then, images were georeferenced from on-screen control points to 
generate a mosaic using ArcGis 10.5 (ESRI, 2017). The information obtained through the photo 
interpretation process was digitized, creating a LULC map for 1955. Then, the same process was 
followed for 1975 using a Landsat-2 MMS false-colour band combination (6–5–4) scene with a spatial 
resolution of 60 × 60 meters. This image was corrected using aerial photographs for the 1978 CH-30 
flight at a 1:30,000 scale. The land-cover for 2014 was digitized using a Landsat-8 OLI with a spatial 
resolution of 30 × 30 meters; as a secondary source, images from Google Earth were used for 
corrections. The images were georectified using control points from natural features (rivers, moun-
tain peaks) extracted from the Military Geographic Institute cartography and reclassified according 
to the land-cover classification matrix (Table 1). Finally, the impact in the county due to the mega-fire 
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that occurred in 2017 in Chile was assessed. The polygon of burned areas was downloaded (https:// 
sit.conaf.cl/) and then cropped and rasterized to the county limits. The burned area was determined 
for each LULC through the crosstab function in Terrset.

LULC change dynamics

We used the ‘Land Change Modeler’ module in the TERRSET v.18.11 environment (IDRISI, 2012) to 
calculate the net change, gain, and loss for each LULC category in both periods. All analyses were 
performed on raster data with a pixel size of 90 meters.

Characterization of landscape patterns habitat quality

To characterize how land use/change may affect biodiversity in the study area, we used landscape 
metrics and the habitat quality model of INVEST (Sharp et al., 2018). Landscape metrics for 1955, 
1975, and 2014 were calculated using FRAGSTATS (McGarigal et al., 2012). We chose the following 

Figure 1. Study area.

Table 1. LULC categories. Categories with an * were considered as natural land covers.

LULC Description

Water bodies Water bodies including lakes rivers and ocean.
Agriculture Annual and temporal crops as cereals, horticulture, and fruit production.
Wetlands* Water-covered surfaces, whether natural or artificial, permanent, or temporary.
Shrubland* Native vegetation less between 10% up to 70% of tree cover.
Native Forest* Native tree species covers more than 70% tree cover.
Forest Plantations Plantation of exotic species (Eucalyptus spp, and Pinus spp) between 10% to 100% of tree cover.
Grassland* Grass areas with less than 10% of tree cover.
Bare soils Soil with almost no vegetation: included beaches, dunes, riverbanks.
Urban Cities, town, and villages.
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class and landscape level metrics: number of patches (NP), total core area (TCA), mean patch area 
(MPA), mean nearest-neighbour distance (MNN), and Modified Simpson’s Evenness Index (MDSCI). 
MDSCI diversity metric was used to assess the homogenization of the landscape in the study area.

Then, the habitat quality model of INVEST was used to assess the changes in habitat quality. The 
model determines the quality of habitats considering two central concepts 1) the relative impact of 
several threats on each habitat and 2) the relative sensitivity of each habitat type to each threat. In 
addition, the model assumes that all threats are additive (Sharp et al., 2018). Therefore, impacts of 
threats on each habitat are calculated by combining a weight value (1 highest impact – 0 lowest 
impact), the maximum distance at which the threat exerts an effect (km, max distance), and how the 
impact of a threat behaves as a function of distance (Decay) (Sharp et al., 2018). Similarly, suscept-
ibility is calculated by combining a base value of habitat quality (1 high habitat quality, 0 non-habitat 
quality), with a susceptibility value of each habitat to every threat considering a range between 0 
(low susceptibility) and 1 (high susceptibility) (Nelson et al., 2009; Xie et al., 2018).

Natural land use/cover categories were used to proxy habitat (Native Forest, Shrubland, Wetlands, 
Grassland). In addition, forest plantations, agricultural and urban areas, pavement roads, and gravel 
roads were considered threats due to the documented impacts of these anthropogenic activities on 
natural habitats (Wilson et al., 2005). Spatial data for threats was obtained from the classification 
results, and roads were downloaded from the national spatial database of Chile (www.ide.cl). The 
values assigned in this model (Supplementary material) were defined through in-depth knowledge 
of the study area’s ecosystems, and complemented with data from previous studies (Nelson et al., 
2009; Xie et al., 2018).

Results

LULC change dynamics in Constitución County

The land-use and land-cover change dynamics result from 1955–2014 showed an increase of 1250% 
in the forest plantation area (net change of 88,649 ha) (Supplementary material). In opposition, 
native forest showed the highest loss (Figure 2), decreasing by −44,881 ha, followed by shrubland, 
with a negative net change of −23,777 ha. In addition, the results also highlight the rise in urban 
areas in 2,446 ha, and grassland and agriculture loss in −13,121.19 ha, −1,922.13 ha, respectively.

The analyses in the two periods (1955–1975 and 1975–2014) (Figure 2) showed that forest 
plantation increased slightly more in the second period, and urban areas increased mainly in 
the second period. In the first period (1955 to 1975), forest plantations increased by 40,031 ha; in 
contrast, native forest decreased by −29,248 ha, and shrublands by −10,503 ha. Similarly, from 1975 
to 2014, forest plantations increased by 48,617 ha (22% higher than in the first period), and urban 
areas increased by 2246 ha (1028% higher than in the first period). In opposition, native forest and 
shrubland decreased in −15,633 ha and −28,739 ha, respectively (Supplementary data). The fire of 
2017 affected 55% of the total area of the Constitución County and burned 48% of the remaining 
natural cover, especially native forest (71% of its remaining surface in 2014 was burned (Figure 3(c)).

Analyzing the transition among land covers over the two periods (Figure 4), the substitution of 
native vegetation (native forest and shrublands) by forest plantation represents the major transition. 
Therefore, forest plantation directly replaced 18,553 ha of native forest and 15,025 ha of shrublands 
between 1955–1975. Follow by 27,191 ha of native forest and 17,081 ha of shrublands between 
1975–2014.

Characterization of landscape patterns and biodiversity loss

The results of landscape metrics reveal habitat loss and fragmentation of native vegetation and 
grasslands and homogenization of the landscape due to the expansion of forest plantations 
(Table 2). In the first period (1955 to 1975), the number of patches and total core area of native forest 
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decreased (−55% and −53%, respectively), while shrubland reduced the number of patches (−33%) 
but increased the total core area slightly (4%). Fragmentation took place mainly between 1975–2014, 
where the number of patches increased for native forest (128%), shrubland (80%), and grassland 
(65%), while the mean patch area decreased (−80%, −87%, −57% respectively). Considering the period 

Figure 2. Land use/cover change at the county level between 1955 and 2014. (a) 1955, (b) 1975 (c) 2014, (d) burned areas in 2017.

Figure 3. (a) Gain and loss 1955–1975 (ha) (b) gain and loss 1975–2014 (ha) (c) burned of remaining cover in 2014 (%) by 
category.

Figure 4. Major transition between 1955–1975, and 1975–2014 (% of the total study area, 1% = 1340 ha).
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between 1955–2014 mean ENN increased for native forest (9%), shrubland (25%), and grassland 
(110%). In opposition, forest plantations in the first period (1955–1975) increased the number of 
patches (20%) and mean patch area (415%), and in the second period (1975–2014) showed an 
aggregation pattern, characterized by reducing the number of patches (−44%), increasing the mean 
patch area (264%), and declining the mean ENN (−45%). The study area decreased the diversity of land 
covers between 1955 and 2014 due to the massive expansion of forest plantations. Despite the slight 
increase in the diversity value showed from 1955 to 1975 (MSIEI = 0.5919, MSIEI = 0.6214), in 2014, 
diversity decreased strongly (MSIEI = 0.2868), indicating the dominance of forest plantations on the 
landscape, and the lack of evenness among land covers (Supplementary data).

The remaining habitat by 2014, considering Grassland, Wetlands, Shrublands, and Native Forest, 
encompasses 21% of the study area. Almost half of this habitat showed low habitat quality (< 0.5 
habitat score) due to the additive impacts of urban areas, roads, plantations, and agriculture. In 
opposition, 38% showed regular habitat quality (0.50–0.75 score) and 9% a good habitat quality 
(0.75–1.00 score). The lowest habitat quality areas are located in the western part of the county, close 
to the coast, cities, and main roads. In opposition, small patches of native forest and shrublands 
located in the north part of the county showed the highest habitat quality (Figure 5). The fire of 2017 
reduced the total habitat to 11% of the study area, 73% of this habitat showed low quality, 26% 
medium quality, and only 1% high quality (Figure 5).

Discussion

Our results showed a decrease in the extent of native forest (−78%), shrublands (−74%), and grass-
lands (−67%) from 1955 to 2014. These land use/cover categories were dominant in 1955, covering 
81% of the county area. However, they were replaced by forest plantations in approximately 77% by 
2014. These changes have produced habitat loss and fragmentation, reducing the mean patch size 

Table 2. Landscape metrics for constitution 1955–1975–2014. NP (Number of patches), ENN (Euclidean Nearest-Neighbor), TCA 
(Total Core Area).

LULC NP Mean Patch Size (ha) Mean ENN (m) TCA (ha)

Year 1955 1975 2014 1955 1975 2014 1955 1975 2014 1955 1975 2014
Native forest 650 291 665 88.6 97.3 19.1 204.1 229.4 221.7 4,8915.9 2,2770.7 3,291.0
Shrubland 325 207 374 98.5 178.6 22.0 292.6 267.9 367.4 2,7335.8 2,8456.1 2,780.7
Grassland 282 52 86 69.3 173.6 74.5 398.0 834.7 715.8 1,9532.3 9,029.1 6,411.2
Forest Plantation 84 101 56 91.8 472.7 1720.7 449.0 440.2 242.2 7,711.2 4,7742.2 9,6360.0

Figure 5. Habitat quality Constitución County (a) 2014 (b) after fire of 2017.
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for native forests, and shrubland between 1955 and 2014. Moreover, 71% of the remaining native 
forest and 42% of shrubland were lost due to the wildfire of summer 2017. The INVEST habitat quality 
model, indicated that 50% of the remaining habitat in 2014 showed low habitat quality due to 
impacts produced by threats as roads, agriculture, forest plantations, and agricultural areas, increas-
ing to 73% after the wildfire of 2017.

Several authors have previously described similar tendencies of land-use and land-cover change 
in Chile. Echeverria et al. (2006) presented the first study showing the substantial increase in the 
exotic plantation area over the native forest from 1975 to 2000. The most recent studies (Heilmayr 
et al., 2016; Miranda et al., 2017; Zamorano-Elgueta et al., 2015) have corroborated the increase in 
exotic plantations, which has led to the modification of the land use/cover matrix in southern central 
Chile. This landscape modification caused a decrease in native forest and shrubland, agriculture area 
(Miranda et al., 2015), and produced negative effects on water yield (Little et al., 2009), and provision 
of ecosystem services (Lara et al., 2009).

Our study extended the analysis to 1955, enabling us to show that in 1955, forest plantations were 
already present in Constitution County; however, they covered only 7% of the total area. In opposi-
tion, native forest and shrubland encompassed approximately 60% of the county area. Then, forest 
plantation increased massively between 1955 and 1975 (619%); few studies have accounted for 
changes in this period (before 1975), and therefore this increase has been hardly documented. 
Hence, most of the studies identify the decree-law 701 (1974) and modifications (Law 19,651, 1998) 
as the main driver of the expansion of forest plantation (Heilmayr et al., 2020; Peña-Cortés et al., 
2021). However, our results show that a massive increase of forest plantations also occurred between 
1955–1975 in Constitution due to the effects of the forest law of 1931.

In this respect, Chile has become one of the countries with the largest area of forest plantations; 
however, this process undertook decades. Therefore, for a better understanding of the process, it is 
essential to contextualize the economic and social stages of economic development in Chile during 
this time. From 1939 the agency for development (CORFO) financed the establishment of essential 
forestry enterprises in Chile (e.g. the Sociedad Forestal Colicheu (1941) and the Sociedad Forestal). All 
were based on pine and eucalyptus plantations (Camus, 2006). Afterward, during President Eduardo 
Frei Montalva (1964–1970) government, forest policy acquired a new dynamic by incorporating the 
state in the afforestation effort. As a result, state companies were created to boost the forestry 
business (Otero, 2006). Then, the military dictatorship, with its new neoliberal model, recognized in 
1974 the forestry sector as strategic for the country’s economic development (Cabaña, 2011). 
Consequently, Decree-Law No. 701 of 1974 was enacted to promote afforestation and promoted 
the development of the forestry sector by private companies (Niklitschek, 2007).

As mentioned earlier, the forest law of 1931 established that degraded areas were destined to 
be reforested. According to our results, this did not happen. On the contrary, the whole process 
replaced far more native forest and scrubland than the degraded grasslands that should have 
been afforested. This tendency did not change afterward. The period between 1975 to 2014 
showed a higher amount of native vegetation substitution by forest plantation (32% higher). At 
the same time, the forestry sector in this period expanded at an unprecedented rate. In 1974, 
1,398,500 tons of wood were produced compared with 2,680,000 tons produced in 1989, and 
more than eight million tons made nationwide in 2007, 96% of which was radiata pine (INFOR, 
2017). The entire boom benefited from existing public policies, the extension of D.L. 701 until 
2012, and the free trade agreements signed from 1990s onwards (Heilmayr et al., 2020; Niklitschek, 
2007).

Habitat loss and fragmentation are among the main threats to biodiversity conservation, espe-
cially megafauna (Haddad et al., 2015; Newbold et al., 2015). In Constitution County, land use/cover 
change produced a continuous habitat loss and fragmentation of the landscape, decreasing the 
mean patch area and the total core area of native forest, shrubland, and grassland. These patterns 
have also been reported in other regions of south-central Chile (Echeverria et al., 2008, Heilmayr 
et al., 2016). Fragmentation and habitat loss have considerable impacts on wildlife, contributing to 
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a loss of species richness and ecosystem functions (Haddad et al., 2015). In Chile, studies showed that 
habitat loss and fragmentations have implications over the reproductionand dispersal of vegetation 
e.g. Gomortega keule (Lander et al., 2019), impacts on forest specialist birds (Carvajal et al., 2018), and 
effect in prey selection of mesocarnivores (Moreira-Arce et al., 2015).

In addition, half of the remaining habitats in the study area showed low habitat quality in 2014, 
increasing to 73% after the wildfire of 2017 (Braun et al., 2021). The effect of plantations, agriculture, 
roads, urban areas decreased habitat quality. Habitat quality is a proxy for biodiversity, and habitat 
availability has proven crucial for delivering ecosystem services such as fishing, pollination, water 
purification, and pest regulation (Harrison et al., 2014). Biodiversity and the ecosystem are influenced 
by the different interactions that occur, and these depend directly on the availability of habitat 
(Liquete et al., 2016). This study showed the importance of the surrounding area for habitat quality 
(Baral et al., 2014), especially when only a few small habitats remain to maintain wildlife. In these 
conditions, the protection of small fragments needs to be combined with promoting wildlife-friendly 
management practices inside the plantation areas (McFadden & Dirzo, 2018).

Constitution county is in the region of Chile with the highest loss of natural vegetation and the 
greatest number of threatened ecosystems (Pliscoff, 2015). This study showed how this process 
began in 1955 in this county. However, these local changes can be understood as part of a major 
global change process occurring over the past 50 years, where the driver with the highest global 
impact has been LULC change (Plieninger et al., 2016). As a result, the average abundance of 
indigenous species in most of the major terrestrial biomes has been reduced by at least 20%, 
affecting ecosystem processes and thus nature’s contributions to people (IPBES et al., 2019). 
According to what has been analyzed, it is clear that it is impossible to make policies without 
modifying the economic system. The current extractivist model is not sustainable. It is relevant to 
ensure the conservation of natural ecosystems, considering that nature is essential for human 
existence and good quality of life. That is why new perspectives of management and order of the 
territories must be taken, considering not only the economic benefits but also giving importance to 
nature and society, thinking about socio-ecological systems.

Conclusions

This research allowed us to observe that LULC change has produced native forest replacement over 
sixty years in the county of Constitution. Most of the studies related to LULC dynamics started in the 
seventies, which aligned with establishing the forestry model of the dictatorship. Our study showed 
that natural vegetation covers were relevant in 1955 (covering almost 81% of the total study area). The 
forestation rate was 22% higher during the last step of analysis (1975–2014). however, 45% of forest 
plantation expansion occurred during the first period, results that are hardly documented in other 
studies due to the difficulties of working with old images. Interestingly, 84% of the expansion of forest 
plantation produced deforestation in the first period (38% over shrubland, 46% over native forest), and 
91% in the second period (56% over shrubland, 35% over native forest), revealing evidence of the 
impacts of forest plantations on native vegetation even before the establishment of decree-law 701 
(1974). Overall, this study shows the impacts of forestry plantations on natural vegetation in Chile, 
underpinning the need for a forestry model based on sustainability standards and conservation actions 
focused on restoring natural vegetation cover to stop ongoing biodiversity loss.
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