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Deforestation and fragmentation trends of
seasonal dry tropical forest in Ecuador:
impact on conservation
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Abstract

Background: Fragmentation and deforestation are one of the greatest threats to forests, and these processes are of
even more concern in the tropics, where the seasonal dry forest is possibly one of the most threatened ecosystems
with the least remaining surface area.

Methods: The deforestation and fragmentation patterns that had occurred in Ecuadorian seasonal dry forests
between 1990 and 2018 were verified, while geographic information systems and land cover shapes provided by
the Ecuadorian Ministry of the Environment were employed to classify and evaluate three types of seasonal dry
forests: deciduous, semi-deciduous, and transition. The study area was tessellated into 10 km2 hexagons, in which
six fragmentation parameters were measured: number of patches, mean patch size, median patch size, total edge,
edge density and reticular fragmentation index (RFI). The RFI was also measured both outside and inside protected
natural areas (unprotected, national protected areas and protected forest). Moreover, the areas with the best and
worst conservation status, connectivity and risk of disappearance values were identified by means of a Getis-Ord Gi*
statistical analysis.

Results: The deforestation of seasonal dry forests affected 27.04% of the original surface area still remaining in
1990, with an annual deforestation rate of − 1.12% between 1990 and 2018. The RFI has increased by 11.61% as a
result of the fact that small fragments of forest have tended to disappear, while the large fragments have been
fragmented into smaller ones. The semi-deciduous forest had the highest levels of fragmentation in 2018. The three
categories of protection had significantly different levels of fragmentation, with lower RFI values in national
protected areas and greater values in protected forests.

Conclusions: The seasonal dry forest is fragmenting, deforesting and disappearing in some areas. An increased
protection and conservation of the Ecuadorian seasonal dry forest is, therefore, necessary owing to the fact that not
all protection measures have been effective.
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Introduction
The term ‘forest fragmentation’ refers to the spatial con-
figuration and amount of treed-vegetation (Hermosilla
et al. 2018), a landscape-level process during which an-
thropogenic factors progressively subdivide forest tracts
into (initially, but not necessarily ultimately) smaller,
geometrically more complex and more isolated patches
as a result of natural processes and land use activities
(McGarigal and Marks 1995; Chakraborty et al. 2017).
This concept can refer to the entire process of forest loss
and isolation or, more specifically, to changes in the
spatial configuration of remnants of forest that are the
result of deforestation (Fahrig 2003; Kupfer 2006). The
fragmentation process involves changes in the compos-
ition, structure and function of the landscape, and oc-
curs on a mosaic background of natural patches created
by changing landforms and natural disturbances
(McGarigal and Marks 1995; Asbjornsen et al. 2004).
At the landscape level, the most common effect of

fragmentation is the formation of new edges or the
modification of existing ones, which play a fundamental
role in the structure and functioning of ecosystems (For-
man and Godron 1989; Asbjornsen et al. 2004). These
changes can alter ecological functions related to bio-
diversity, the nutrient cycle and the hydrological cycle,
and may even affect the microclimate of the area (Asb-
jornsen et al. 2004; Taubert et al. 2018).
The increase in forest fragmentation is one of the

main threats to natural tree populations in the tropics
around the world (Trejo and Dirzo 2000; Fuchs et al.
2003), where large areas of forests have been trans-
formed into pastures and crops, thus creating a mosaic
of agricultural areas and forests in which forests remain
as small scattered patches (Asbjornsen et al. 2004; Tau-
bert et al. 2018). The tropical forests in South America
underwent a net loss of 2.6 million hectares in the
2010–2020 period, although the deforestation rate has
decreased significantly when compared to 2000–2010
(FAO 2020a). More specifically, Ecuador maintained the
highest deforestation rates in South America during the
periods 1990–2010, with annual rates of between − 1.5%
to − 1.8% (FAO 2011) and with an overall deforestation
of 21,340 km2 between 1990 and 2020 (FAO 2020a).
One consequence of this intensive fragmentation is that
47 ecosystems of mainland Ecuador have been classified
as very-highly or highly fragmented, i.e. 30% of the nat-
ural areas (Ministerio del ambiente de Ecuador 2015).
Those most affected are located in the coastal region, in
which there was an area of annual deforestation of
678.13 km2 between 1990 and 2008 (Sierra 2013). The
deforestation and degradation of the seasonal dry forests
in this region have been particularly intense, thus mak-
ing them the most threatened type of forest in the coun-
try, in addition to being less protected than the

evergreen forests (Manchego et al. 2018; Rivas et al.
2020). Deforestation has, in fact, become the greatest
threat to seasonal dry forest ecosystems in Ecuador, with
an average change in area reduction of 1.4% per year be-
tween 2008 and 2014 (Tapia-Armijos et al. 2015; Man-
chego et al. 2018). Indeed, tropical dry forests are among
the most threatened ecosystems in the world (Hoekstra
et al. 2005; Portillo-Quintero and Sánchez-Azofeifa
2010), and are the ecosystems of which the least amount
of original surface remains (less than 25%) (Ferrer-Paris
et al. 2018). This deforestation has, according to the
IUCN criteria, led the equatorial dry forest to be classi-
fied as in critical danger of extinction (Ferrer-Paris et al.
2018), and approximately 70% of the remaining surface
has very high levels of fragmentation (Rivas et al. 2020).
Intense deforestation is consequently considered to be
the main threat to the biodiversity of the tropical sea-
sonal dry forests of the Tumbension region, which are
characterised by a high degree of endemism since they
harbour 16 endemic mammals (Loaiza 2013) and 39 en-
demic bird species (Bird Life International 2019). The
Ecuadorian seasonal dry forests contain high levels of
floristic diversity, and approximately 80% of their com-
ponents are regionally endemic as part of the Tumbesian
Endemism Centre (Ministerio del Ambiente del Ecuador
2012). Seasonal dry forest areas also provide local com-
munities with wood and food products, which results in
the degradation of the structure, functionality and dy-
namics of the forest (Ministerio del Ambiente del
Ecuador 2012).
Despite the worrying state of conservation, tropical

seasonal dry forests have traditionally been studied to a
lesser degree than their neighbours, humid forests, with
a ratio of approximately one study in dry forests to six
in humid forests (Lessmann et al. 2014). One issue that
has not been addressed in any great depth is the frag-
mentation of the Ecuadorian tropical dry forest in the
last few decades, and how this fragmentation has trans-
formed the landscape. According to the framework of
the Convention on Biological Diversity (Biodiversity In-
dicators Partnership 2011), international organisations
worldwide, such as the EBONE “Europe Biodiversity Ob-
servation Nature” (Parr et al. 2010) or the BIP “Biodiver-
sity Indicators Partnership”, have recommended
analysing ecosystems through the use of fragmentation
indices. Class indices separately quantify the quantity
and distribution of each type of patch in the landscape,
and fragmentation indices can, therefore, be considered
for each type of patch (McGarigal and Marks 1995). The
objective of this study was consequently to assess the
fragmentation of the Ecuadorian seasonal dry forest be-
tween 1990 and 2018. The specific objectives of this
work were the following: i) to study the deforestation
and fragmentation of Ecuadorian seasonal dry forests

Rivas et al. Forest Ecosystems            (2021) 8:46 Page 2 of 13



during five different periods (1990, 2000, 2008, 2014,
2016 and 2018); ii) to describe the spatial patterns of
fragmentation during these study periods; iii) to analyse
different parameters of fragmentation (e.g. edge density,
number of patches, mean patch size) in the three types
of dry forests (deciduous, semi-deciduous and transition
forest) in the region between the years 1990–2018; iv) to
analyse fragmentation in order to find patterns that indi-
cate the most vulnerable areas; and v) to compare the
fragmentation index in protected and unprotected areas.
The intention of this was to provide useful information
on the state of the Ecuadorian dry forest and the areas
with the worst conditions and conservation, which
would be useful as regards developing effective protec-
tion measures according to the present conservation sta-
tus and future trends.

Materials and methods
Study area
Our study area included the seasonal dry forest in the
coastal region of Ecuador (Fig. 1a), also known as West-
ern Ecuador, located along the Pacific Ocean and the
west slope of the Andes mountain range. The coastal re-
gion is characterised by three large structural elements
that influence the distribution patterns of the biota: the
Guayas River, the Esmeraldas River and the Coastal
mountain range. This region has a total of 24 ecosys-
tems, 22 of which are divided into two biogeographic re-
gions that are clearly distinguishable as regards their
composition and floristic structure, in addition to their
bioclimate: the predominantly humid region of Chocó
and the region of the Equatorial Pacific, which are
mostly dry (Ministerio del Ambiente del Ecuador 2013).

Seasonal dry forests in Ecuador thrive in extreme cli-
matic conditions, with an annual rainfall of 400–600 mm
in a period of 3–4 months, generally in February, March
and April; the average annual temperature is 24.9 °C,
and the potential evapotranspiration is 1783mm·year− 1

(Ministerio del ambiente del Ecuador 2012). In the
present study, we considered the seasonal dry forest of
the Ecuadorian Pacific, which is divided into deciduous
and semi-deciduous areas. In deciduous forests, 75% of
individuals of the arboreal or shrub species lose their
leaves during the dry period, which lasts between 6 and
8 months, whereas in the semi-deciduous forest, be-
tween 75% and 25% of individuals of the arboreal or
shrub species lose their leaves and are located in areas in
which the dry periods last between 1 to 6 months a year
(Prentice 1990; Ministerio del ambiente del Ecuador
2013; Rivas et al. 2020).

GIS sources
In order to limit the potential extent of the seasonal dry
forests, the layers of phenology and land use were ob-
tained from the Ecuadorian Ministry of the Environment
(available at http://ide.ambiente.gob.ec/mapainteractivo).
Land uses have been obtained by the Ecuadorian Minis-
try of the Environment, using Landsat satellite images
and Advanced Spaceborne Thermal Emission and Re-
flection Radiometer (ASTER), orthorectification and
these have later been certified by experts and by means
of fieldwork, with a pixel size of 30 m (Peralvo and Del-
gado 2010; Ministerio del Ambiente 2012; MAE and
MAGAP 2015; Ministerio del Ambiente 2017). The
Kappa index is approximately 0.7 (Ministerio del
Ambiente 2012). We selected those land-uses classified

Fig. 1 a Map of continental Ecuador showing its three main geographical regions; b Division of the dry forest by phenologies in hexagons of 10
km2; c Protected areas

Rivas et al. Forest Ecosystems            (2021) 8:46 Page 3 of 13

http://ide.ambiente.gob.ec/mapainteractivo


as native forests in zones with a deciduous and semi-
deciduous phenology, since seasonal dry forest predomi-
nates in these areas. Flooded areas (mangrove areas) and
areas without vegetation cover or without woody vegeta-
tion were eliminated. Once the area of seasonal dry for-
est had been obtained, a transition zone was created
between the deciduous and semi-deciduous forest by ap-
plying a 10 km buffer in the area that divided both eco-
systems. We eventually obtained three analysis zones:
deciduous, semi-deciduous and transition forest (Fig. 1b).
Land-uses are available for the years 1990, 2000, 2008,
2014, 2016 and 2018, and they were reclassified into two
main land-uses: native forest and non-forest zones.
Shrub and Herbaceous Vegetation, Agricultural Land,
Body of Water, Anthropic Zone, Other Land, No Infor-
mation and Forest Plantations were classified as non-
forest areas, while the ‘native forest’ land use was classi-
fied as forest (Ministerio del Ambiente 2017).

Deforestation and fragmentation analysis
We calculated the changes in these two main land-uses
throughout the temporal periods. The deforestation rate
was calculated by employing the formula proposed by
Puyravaud (2003) (Eq. 1).

Deforestation rate DRð Þ ¼ 1= t2 - t1ð Þ
� Ln A2=A1ð Þ � 100 ð1Þ

where A1 and A2 are the forest cover at times t1 and
t2, respectively.

The study area was divided into 10 km2 tiles
(Fig. 1b) made of hexagonal polygons, since this is
considered the most suitable geometry when studying
interaction and connectivity (Birch et al. 2007). The
use of polygons improves the ability to assess land-
scape metrics in a more homogeneous manner. We
selected 10 km2 because 99.8% of the world’s forest
fragments cover less than 10 km2 (FAO and PNUMA
2020). One of the three types of forests (deciduous,
semi-deciduous, and transition) was assigned to each
tile on the basis of the predominant type within each
segment. The Patch Analysis Tool (Rempel et al.
2012) in ArcGIS was employed in order to calculate
different landscape metrics for each tile (Table 1).
These were: Number of patches (NumP), average
patch size (MPS), median patch size (MedPS), total
edge (TE), and edge density (ED). These parameters
were then used to calculate the reticular fragmenta-
tion index (RFI) on the basis of the percentage with-
out forest (PSB%) and the percentage of edge density
(ED%) (Table 1), using the formula proposed by
Leautaud Valenzuela (2014). A 1990 forest fragment
of 0.2 ha was used as a reference value in order to
determine 100% of the PSB% and ED% metrics. This
size was used because smaller sizes distorted the cal-
culation. The RFI was divided into five categories:
very high (> 80%), high (60%–80%), medium (40%–
60%), low (40%–20%) and very low (< 20%). An RFI
of 100% was attributed to those tiles from which the
native forest had disappeared.

Table 1 Description of the fragmentation metric parameters analysed according to McGarigal and Marks (1995) and Leautaud
Valenzuela (2014)

Parameter Abbreviation Definition Unit

Number of Patches NumP Total number of patches inside the tiles. The more patches there are, the more fragmented the
forest is considered to be.

Number

Mean patch size MPS The average patch size of the forest within the tile.
A smaller average forest patch size is considered indicative of a more fragmented forest.

km2

Median patch size MedPS The middle patch size, or 50th percentile of the forest patches inside the tile.
Median patch size can hide the presence of very large or very small patches.

km2

Total edge TE Perimeter of patches within each tile. The greater the perimeter, the more exposed to
disturbances. Greater TE patch may be associated with more fragmented forests (if the
fragmentation is related to an anthropogenic disturbance)

km

Edge density ED Amount of edge (km) relative to the forest area (km2) within the tile.
ED = TE/Forest area within the tile
A high ratio of perimeter to forest patch area may be associated with more fragmented forests (if
fragmentation is related to anthropogenic disturbance).

km·km−2

Edge density
percentage

ED Edge percentage relative to landscape area.
A high ratio of perimeter to forest patch area may be associated with more fragmented forests (if
fragmentation is related to anthropogenic disturbance).

Percentage

Percentage without
forest

PSB Non-forest area (%) without forest within the tile.
Higher percentage of area without forest within the tile would indicate greater fragmentation.

Percentage

Reticular
fragmentation
index

RFI Reticular fragmentation index of each tile.
RFI = (PSB% + ED%)/2
A higher RFI signifies a greater percentage of fragmentation within the tile.

Percentage
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Fragmentation patterns
The fragmentation patterns were described by employ-
ing the Getis-Ord Gi* analysis (Ord and Getis 1995) for
the years 1990 and 2018 and by considering the RFI
values. The resulting Z-scores and p-values indicate a
spatial cluster of high or low RFI values. At 5% signifi-
cance (p ≤ 0.05), a Z-score greater than 1.96 indicates a
hot spot, while a Z-score smaller than − 1.96 indicates a
cold spot and the remaining values are classified as not
significant (− 1.96 < Z < 1.96; p > 0.05), thus suggesting a
random spatial process (Feng et al. 2018). A transition
matrix was created using the categories of the Getis-Ord
Gi* analysis for the years 1990 and 2018 to identify the
probability of a hexagon disappearing or of its state
changing, based on its initial state (1990) upon its
categorisation.

Fragmentation in protected and unprotected areas
In order to test the trend of the RFI in protected and un-
protected areas (Fig. 1c), an RFI trend index was calcu-
lated as follows (Eq. 2):

RFI trend index ¼ RFI2018 - RFI1990ð Þ=RFI1990 ð2Þ

We then assigned one of the following three protec-
tion categories to each tile: unprotected, protected by
the Heritage of Natural Areas of the Ecuadorian State
(PANE in Spanish), and Protected forests. The RFI trend
index of these three categories was then compared in
order to verify whether the degree of protection prevents
fragmentation more effectively.

Statistical analysis
Wilcoxon paired tests were then used to compare the
value of the fragmentation indicators (RFI, NumP, MPS,
MedPS, TE, and DE), which were considered as
dependent variables, between 1990 and 2018 in each of
the three types of forest (deciduous, semi-deciduous and
transition). The tiles were employed to pair these tests
in order to consider the variations among the same grids
between the two periods. A Kruskal-Wallis test was used
to compare the RFI values (dependent variable) obtained
for the three types of forest in the year 2018. The same
type of test was similarly used to compare the RFI trend
indices (dependent variable) obtained for the three cat-
egories of protection (unprotected, PANE, and Protected

forests). In both the Kruskal-Wallis tests, pairwise com-
parisons (post hoc) were developed in order to verify the
differences among the levels of the independent vari-
ables. The tiles were the experimental units in all the
statistical analyses. InfoStat software was used in all the
statistical analyses.

Results
Evolution of loss and fragmentation of forest
Since 1990, 2631.91 km2 has been lost (Table 2), which
signifies a loss of 27.04% of the original surface still
remaining in 1990, and an annual deforestation rate of
94 km2 (− 1.12%).
This deforestation has changed the degree of fragmen-

tation of the dry forest (Table 3 and Fig. 2), since the
mean and median RFI values have increased, particularly
from 1990 to 2008 (Table 3). In 1990, 42.28% of the tiles
of seasonal dry forest were classified with a low or very
low RFI, while this figure dropped to 29.15% in 2018.
Moreover, 432 tiles that had some forest patches in 1990
had no patches in 2018.

Spatial evolution of fragmentation
Deforestation has occurred principally in the north of
the study area, which formally contained small forest
fragments that have disappeared or been considerably
reduced since 1990 (Figs. 2 and 3). Other affected areas
were located in the Guayas areas and in the central-
south, where many of the segments had disappeared,
leading to a significant increase in RFI. The edge areas
of the large forest fragments have been deforested, as
has also occurred with the small fragments, which has
resulted in the disappearance of those forests throughout
the territory analysed (Fig. 3).

Fragmentation indexes for the three types of forests
According with the Wilcoxon paired tests, the RFI value
was significantly higher in 2018 than in 1990 for the
three types of forests (Table 4), and the NumP, MPS,
MedPS and TE values were significantly higher in 1990
than in 2018. The ED was significantly higher in 2018
than in 1990 for the semi-deciduous and transition for-
ests, whereas it was lower in 2018 for deciduous forests
(Table 4). The semi-deciduous forest attained the high-
est increase in RFI from 1990 to 2018 (highest mean dif-
ference), with the highest levels of fragmentation
occurring in 2018 (Table 4). With regard to the number

Table 2 Surface of equatorial dry native forest and other land uses in each of the periods included in this study

1990 2000 2008 2014 2016 2018

Native Forest (km2) 9730.91 8848.42 7931.61 7497.77 7276.01 7099.26

Other land uses (km2) 17,973.63 18,856.12 19,772.94 20,206.78 20,428.55 20,605.30

Deforestation rate – −0.95 −1.38 − 0.94 − 1.50 − 1.23

Rivas et al. Forest Ecosystems            (2021) 8:46 Page 5 of 13



of patches (NumP) within the tile, this has not under-
gone a great variation as regards either the total or forest
types.
The Kruskal-Wallis test showed differences among the

RFI values obtained for the three types of seasonal dry
forests in 2018 (H = 295.65; p < 0.0001), with the highest
value being attained for semi-deciduous forest and the
lowest for the transition forest (Table 5).

Fragmentation patterns
The Getis-Ord Gi* analysis shows the hot and cold frag-
mentation spots (Fig. 4). These results indicate that the
hot areas, which had a worse structural connectivity,
were more vulnerable to disappearance and had a worse
state of conservation. The comparison of 1990 with 2018
highlights this evolution (Fig. 4 and Table 6). In 2018,
there were 981 (29.70%) tiles catalogued as cold spots,
1044 (31.60%) with no significant differences, and 843
(25.52%) as hotspots; in 1990, meanwhile, there were
1063 (32.18%), 1286 (38.93%) and 863 (26.12%) respect-
ively. The transition matrix (Table 6) shows that of the
863 tiles classified as hotspots in 1990, 213 (24.68%) dis-
appeared during the studied period, and 572 (66.28%)
remained in the hotspot category.

Fragmentation in protected and unprotected areas
Of the 2707 tiles into which the seasonal dry forest was
divided, only 7.24% was covered by PANE and 8.32% by
protected forests, while 84.45% were unprotected. The
RFI trend was significantly different for the three protec-
tion categories (H = 19.60; p < 0.001), with the lowest
value for PANE (0.3 ± 0.07), the highest values for Pro-
tected forests (0.97 ± 0.17), and the intermediate values
for unprotected areas (0.42 ± 0.03).

Discussion
Ecuador is undergoing a high rate of deforestation, and
the seasonal dry forest is no exception (Sierra 2013).
Our results show that 2631.91 km2 of seasonal dry forest
have been converted to other land uses in the last three
decades (87% of the forest that was deforested between
1990 and 2018 had been transformed into agricultural
land by 2018, while 7% had been transformed into
scrubland), with the extinction of many patches, thus
causing a constant increase in fragmentation. This
fragmentation has occurred throughout the study
area, although we have identified areas with higher
fragmentation values and that are spatially aggregated
(hotspots), thus suggesting that an important area of
the remaining forests runs a high risk of disappearing
in the next few years. All these data suggest the ur-
gency of implementing effective conservation mea-
sures to preserve the remaining Ecuadorian seasonal
dry forest patches and promoting connectivity, with
the eventual goal of preventing the disappearance of
new areas and ensuring the functional ecology of the
remaining forests.

Table 3 Variation of the mean and median RFI values (%) per
tile in each of the 6 periods. SD = standard deviation

1990 2000 2008 2014 2016 2018

RFI Mean 40.65 46.82 51.62 50.98 51.62 52.26

SD 21.42 26.75 29.33 27.38 27.38 27.47

Median 44.9 48.57 50.17 50.55 50.76 51.11

Fig. 2 Spatial evolution of the RFI of the equatorial dry forest per tile in each of the six time periods
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Deforestation of Ecuadorian seasonal dry forests
We observed a dramatic level of deforestation of native
forests, and consequently assume that this is a threat to
the flora and fauna that inhabit these forests. According
to our results, the Ecuadorian seasonal dry forests
underwent a net loss of 27% from 1990 to 2018, signify-
ing an annual deforestation rate of − 1.12%. This annual
deforestation rate was higher than the rates found in
other Latin American countries (Brazil: − 0.56%;
Colombia: − 0.31%; Peru: − 0.18%), but lower than that
of Paraguay (− 1.53%) (FAO 2020b). When compared to
other dry forests in the region, the deforestation rate
was in the same range as that of Paraguay and Chile (be-
tween − 1% and − 2%), with lower rates than those found
for Argentina and Mexico (> − 2%), but greater than
those found for Brazil, Costa Rica and Venezuela (< −
1%) (Armenteras et al. 2017).

Fragmentation
According to our calculations, all the landscape metrics
attained worse fragmentation values in 2018 than in
1990 for all three types of forest. The number of patches
decreased and the forests had a smaller mean patch size,
which led to an overall increase in the fragmentation
index (RFI). But if this information is analysed together
with the other fragmentation metrics, it will be noted
that this is associated with the disappearance of the
smaller patches and the fragmentation of large patches,
which has kept the number of patches constant, but has
increased the fragmentation. The edge density (ED) in
the semi-deciduous and transitional forest has probably
increased as a consequence of the forest fragments get-
ting smaller (lower mean MPS) and the increase in the
number of small fragments (median MPS). However, the
ED in the deciduous forest is probably decreasing be-
cause the small fragments are disappearing and the lar-
gest ones are becoming smaller (thus keeping the MPS
constant), and since smaller fragments had higher edge

density values, their disappearance may have led to a de-
crease in the ED value (Hargis et al. 1998). This process
makes this measure less sensitive because, although
these small patches disappear, the landscape fragmenta-
tion increases (Whelan and Maina 2005; Tulloch et al.
2016). Small patches have been shown to be fundamen-
tal to ecosystems, particularly in those that are highly
fragmented, and their disappearance may, therefore,
have negative consequences for them (Tulloch et al.
2016).
Of the three types of forest considered, the semi-

deciduous forest was the most fragmented. For instance,
the average patch size (MPS) of the semi-deciduous for-
est attained very worrying values (0.58 km2), considering
that the tile area is 10 km2. This may be owing to the
fact that the more humid forests are more fertile and
are, therefore, more prone to the establishment of crops
and pastures (Ministerio del ambiente del Ecuador 2012;
Lessmann et al. 2014). Moreover, many areas of seasonal
dry forest have degenerated into savannah, scrub or
grasslands owing to the high pressure of livestock and
overgrazing, which could be the cause of the disappear-
ance of the small fragments of deciduous forest, thus
limiting forest growth and extension (Trejo and Dirzo
2000; Sales et al. 2020). Conversely, drier areas are often
perceived as areas that are poorer in resources (Siyum
2020), which could explain the lower conversion of the
deciduous forest when compared to the semi-deciduous
forest.

Connectivity
Upon comparing the images from 1990 and 2018
(Figs. 2, 3 and 4), it will be noted that a quarter of
the forest fragments classified as hotspots in 1990
had completely disappeared by 2018, which indicates
that these areas are more prone to disappearance.
Many factors may lead to differences in deforestation
among areas, such as the growth rates of the local

Fig. 3 Comparison of the central north and central south of the Ecuadorian coast, showing details of forest fragments (green areas) in the years
1990 and 2018
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human population, the presence of particular hard-
wood species, the development of specific types of
agriculture, the distance to roads and trails, the dis-
tance to rivers or the suitability of the land (e.g. soil
features or being steep) for agricultural purposes in

general (Andam et al. 2008; Barber et al. 2014; van
Der Hoek 2017). Future studies should, therefore, be
carried out to evaluate which factors explain a
greater or lesser fragmentation of the landscape in
order to identify those forests that are still well

Table 4 Variation between 1990 and 2018 as regards the values obtained for the different fragmentation indicators by forest type,
showing the Z and p-value from the Wilcoxon paired test. Mean-dif = value 2018 – value 1990; SD = standard deviation

Forest type Deciduous Semi-deciduous Transition

Year 1990 2018 1990 2018 1990 2018

RFI (%) Mean 39.14 49.75 45.92 59.47 33.94 42.99

SD 27.34 32.96 16.17 23.34 22.22 26.79

Median 42.18 49.12 49.1 54.07 33.73 42.56

Mean-dif (± SD) 11.20 (± 19.18) 16.53 (± 24.17) 9.58 (± 17.45)

Z 15.08 28.32 20.34

p-value p < 0.0001 p < 0.0001 p < 0.0001

NumP n 595 511 1528 1334 1089 1021

Mean 7.48 7.39 5.72 5.14 5.58 4.73

SD 10.79 11.62 7.15 7.25 6.93 6.51

Median 3 3 4 3 3 3

Mean-dif (± SD) −1.11 (± 5.26) −1.15 (± 4.30) −1.13 (± 4.86)

Z −7.02 −11.26 −8.51

p-value p < 0.0001 p < 0.0001 p < 0.0001

MPS (km2) Mean 2.34 2.35 0.92 0.58 2.51 2.15

SD 3.55 3.40 1.90 1.46 3.36 3.06

Median 0.35 0.47 0.17 0.12 0.72 0.64

Mean-dif (± SD) −0.31 (± 1.88) −0.38 (± 1.31) −0.49 (± 2.19)

Z −8.03 −18.00 −9.21

p-value p < 0.0001 p < 0.0001 p < 0.0001

MedPS (km2) Mean 2.11 2.16 0.76 0.47 2.24 1.91

SD 3.64 3.48 1.92 1.46 3.49 3.16

Median 0.02 0.07 0.05 0.05 0.08 0.14

Mean-dif (± SD) −0.25 (± 2.19) −0.32 (± 1.44) −0.43 (± 2.50)

Z −4.59 −11.30 −5.42

p-value p < 0.0001 p < 0.0001 p < 0.0001

TE (km) Mean 15.42 15.01 15.59 11.91 20.90 18.02

SD 12.14 10.91 12.59 10.67 12.85 11.76

Median 13.39 13.73 12.83 8.73 20.21 17.15

Mean-dif (± SD) −2.48 (± 7.98) −4.86 (± 10.13) −3.94 (± 10.89)

Z −6.6 −18.57 −10.22

p-value p < 0.0001 p < 0.0001 p < 0.0001

ED (km·km−2) Mean 42.92 35.57 20.04 29.52 23.26 31.51

SD 259.28 106.75 45.19 74.97 97 214

Median 7.05 9.02 13.02 17.43 7.13 8.72

Mean-dif (± SD) −7.35 (± 269) 9.49 (± 71.8) 8.26 (± 218)

Z 6.04 16.71 10.03

p-value p < 0.0001 p < 0.0001 p < 0.0001
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conserved and run the greatest risk of becoming
fragmented.
Deforestation for agricultural and livestock purposes

has been identified as one of the main reasons for the
loss of seasonal dry forests in Ecuador (Tapia-Armijos
et al. 2015; Prieto-Torres et al. 2018), and this also oc-
curs in other countries, such as in the Brazilian Cerrado
(Trigueiro et al. 2020) or in the Mexican Yucatan (Smith
et al. 2019), and in other dry forests in Latin America
(Armenteras et al. 2017). The spatial analysis of frag-
mentation indicates two large areas of high concentra-
tions of fragmentation (hotspots) in Ecuadorian seasonal
dry forests (Fig. 4). The first area is located in the prov-
ince of Manabí, which is the province with the highest
agricultural production, and in which 777,088 ha corres-
pond to cultivated and natural pastures, contributing
more than 20% of the country’s agricultural area (INEC
2019). The second fragmented area corresponds to the
urban areas of Guayaquil and Machala, the first and
third largest cities as regards human population, respect-
ively (Instituto nacional de estadisticas y censos 2010).

The population of Ecuador has increased dramatically in
the last few decades, since it has grown by 452% in 60
years (Villacís and Carrillo 2012), reaching 17 million in-
habitants in 2019 (Instituto Nacional de Estadística
2019). This has led to an increase in demands for food
and an increase in the areas devoted to agricultural and
livestock production, which are the greatest threats to
tropical forests in South America and Africa (Laurance
et al. 2014). The dry forests are used by the local popula-
tion, since they have environmental, social and economic
importance for various segments of the rural communi-
ties (Briceño et al. 2016). The quality of wood products
has historically led to interventions in these forests in
order to extract wood and food products as a means of
subsistence. The seasonal dry forest provides essential
ecosystem goods and services, livelihoods and is vital to
the well-being of its residents, since it provides supplies
(water, wood, food, biofuels) (Nelson et al. 2020; Siyum
2020). Population growth consequently also increases
the pressure on remnants of forest. In summary, the
great importance of agriculture for the economy of the
region, together with the growth of the human popula-
tion, have increased the conversion of natural forests
into agricultural land, thus leading to a rise in
fragmentation.
The analyses of hotspots showed the areas with a

worst conservation status, low connectivity and high
fragmentation, and these may be priority areas for forest
restoration and an increase in connectivity. Furthermore,
in areas identified as cold spots, the actions should be

Table 5 RFI values in 2018 for the three types of forests. N =
number of tiles; SE = standard error of means. Lower case letters
indicate significant differences according to the post hoc test

Kind of forest N Mean SE Median

Deciduous 608 49.75a 1.19 49.12

Semi-deciduous 1634 59.47b 0.40 54.07

Transition 1106 42.99c 0.69 42.65

Fig. 4 Comparison of the hot and cold spots by means of Getis-Ord Gi* analysis in the years 1990 and 2018
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focused principally on preventing deforestation. Frag-
mentation can have negative consequences for popula-
tions of wild species that inhabit the dry forest
(Solórzano et al. 2021), since many remaining patches
are becoming isolated and exposed to disappearance
(Margules and Pressey 2000). The synergistic effects of
fragmentation lead to changes in climate, which can, in
turn, change the structure of the vegetation, soil cover
and nutrient status, thus affecting the species that in-
habit these forest fragments (Margules and Pressey
2000). Changes take place in these isolated fragments,
which can lead to the collapse of populations (Laurance
et al. 2012).

Conservation implications
Tropical seasonal dry forests are the ecosystems with the
least remaining surface in Ecuador (Ferrer-Paris et al.
2018) and are possibly the most threatened tropical eco-
systems in the world (Escribano-Avila et al. 2017). They
are considered an endangered ecosystem owing to the
high degree of endemism and species richness; however,
less than 10% of their area is protected (Prieto-Torres
et al. 2018). Protected areas are important for conserva-
tion (Barber et al. 2014; van Der Hoek 2017), and should
be expanded in the case of the Ecuadorian dry forest
(see below), which is less protected than other ecosys-
tems (Rivas et al. 2020).
Previous works have shown that the dry ecosystems in

the Coastal Region of Ecuador are underrepresented in
the PANE (Sierra et al. 2002; Lessmann et al. 2014;
Escribano-Avila et al. 2017), thus suggesting that it is ne-
cessary to create new protected areas in order to pre-
serve these ecosystems (Lessmann et al. 2014; Cuesta
et al. 2017). As our results show, there has been less
fragmentation in the PANE, while it has increased more
in unprotected areas and has been particularly dramatic
in protected forests. The protected areas included in the
PANE have, therefore, been partly effective as regards
preventing deforestation, with a smaller increase in the
RFI value than in unprotected areas from 1990 to 2018.
These results coincide with those of two previous works,

which demonstrated that the deforestation rates were
lower inside protected areas, although deforestation still
took place in those areas (van Der Hoek 2017; Ford
et al. 2020). Protected forests are not, however, an effect-
ive conservation tool for the conservation of seasonal
dry forests since, according our results, the RFI in-
creased even more than in unprotected areas. Indeed,
more than half of the areas in protected forests were
classified as non-forest land use (Rivas et al. 2020). Al-
though intensive agriculture and deforestation is prohib-
ited in those forests (Sandoval et al. 2017), our results
showed that the RFI dramatically increased inside the
protected forests, signifying that the current manage-
ment system of these forests needs to be reviewed with
the aim of ensuring their intended conservation goals.
Protection measures should, therefore, be implemented,
and they should be established in areas of high priority,
which would reduce fragmentation and increase struc-
tural connectivity. Several scientists have recently
highlighted the importance of small forest patches in
fragmented landscapes as regards biodiversity conserva-
tion (Tulloch et al. 2016; Fahrig et al. 2019; Volenec and
Dobson 2020), thus suggesting that it is necessary to
maximize the total amount of habitat conserved, irre-
spective of its rate of fragmentation (Fahrig et al. 2019;
Ríos et al. 2021). Specific conservation measures, such as
the creation of small reserves (including private pro-
tected areas: Guerrero-Casado et al. 2021), should, there-
fore, be implemented in order to protect the few
remnants of seasonal dry forest.

Conclusion
According to our results, the Equatorial seasonal dry for-
est has undergone a continuous process of deforestation
that has led to the loss of more than 2600 km2 of native
dry forest in the last three decades, which is causing an
increase in fragmentation, with semi-deciduous forest
being the most affected. Fragmentation has increased
since 1990, and the number of patches has decreased as
a result of the reduction in the forest area, thus increas-
ing the border and patching the forest in isolated frag-
ments, and consequently making it more exposed to
anthropic and natural changes. Fragmentation occurs
throughout the entire distribution area of seasonal dry
forest, which degrades the ecosystem, increases its vul-
nerability, reduces the area and decreases its connectiv-
ity, thus leading to high values of biodiversity loss. Our
results show that many areas of seasonal dry forests run
a great risk of disappearing if effective protection is not
provided or conservation measures are not taken, and it
is, therefore, urgent to establish conservation measures
that will avoid the continued fragmentation of these
forests.

Table 6 Transition matrix according to the categorisation
provided by the Getis-Ord Gi* analysis, showing the number of
tiles whose state changed from 1990 (columns) to 2018 (rows).
NS = not significant changes

2018

Category Cold NS Hot No forest Total

1990 Cold 823 202 14 24 1063

NS 154 736 198 198 1286

Hot 0 78 572 213 863

Forested 4 28 59 0 91

Total 981 1044 843 435 3303
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