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1. Introduction

The last decades of scientific studies show that the 
tropical dry forest (TDF) is the most threatened ecosystem 
on a global scale (Dryflor et al., 2016), and one of the most 
endemic ecosystems; globally the occurrence of the primary 
dry forest is estimated at 2% (Stand and Azofeida, 2019). 
Only 0.1% of the original “intact” forest was attributed to 
the shores of the Central American coasts (Gillespie et al., 
2000). At present, this ecosystem is usually found as a 
fragmented secondary forest (Tarrasón et al., 2009) that 

continues to suffer from a constant change in land use 
(Chooksy, 2022).

In the last two decades, tropical dry forest ecosystems 
are under a process of extreme fragmentation. Several of 
its areas border with other ecosystems, such as (wetlands, 
mangroves, and cloud forests) that are also under the 
pressure of deforestation (Maes  et  al., In press). This 
ecosystem is strongly interrelated to water resources, 
surface and groundwater, in the designated area. Due to 
tree cover loss, the tropical dry forest also suffers from 
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Region II (North-Central Sector of Nicaragua) and both 
zones were calculated with an ecological extension of 
49,167 Km2 in the late 90’s (Salas, 1993; MARENA, 2017).

Figure  1 shows the distribution according to the 
delimitation of the ecoregions of Salas and the rainfall range.

The dry forest consists of a broadleaf forest (sparce or 
dense) with deciduous species as a support mechanism for 
periods of low rainfall. In the dry forest, the family Fabaceae 
Lindl usually predominates in order of representativeness 
(Gillespie  et  al., 2000; Bustillo, 2017) Fabaceae Lindl. 
– Caesalpiniaceae R.Br. and Flacourtiaceae Rich ex.D.C. 
(Castro-Marin, 2005), Meliaceae Juss., Bombacaceae 
Kunth., Moraceae Gaudich., Lauraceae Juss., Myrtaceae 
Juss., Rubiaceae Juss. and Sapindaceae Juss. (Zambrana, 
2010; Saldívar, In press).

The Dry Corridor of Central America in Nicaragua is a 
geographical space that covers some territories of the dry 
forest but is not synonymous with the entire dry forest 
area. The municipalities most affected by severe drought 
conditions are 27 and are located in the department of 
Nueva Segovia, Madriz, Estelí, Matagalpa, Managua, and 
León. The territory of the dry corridor contains different 
ecosystems, such as dry forests, seasonal evergreen forests 
(submontane, montane), pine forests, mixed and gallery 
forests (FAO, 2012).

Deforestation is one of the biggest threats to the 
forest resource at a national and international level; it is 
estimated that Nicaragua has deforestation rates of 70,000 
ha per year (MARENA, 2017). This number could even be 
an extremely prudent record, given that forest fires, the 
expansion of the agricultural frontier, and drought has 
increased between 2011 and 2021 in Nicaraguan territory 
(Centro Humboldt, 2018; El Economista, 2023).

An exact census of the state of the tropical dry forest 
ecosystem has yet to be carried out in Nicaragua. However, 
studies show a marked fragmentation process where sparse 
forests predominate and dense forest strongholds are small 
and dispersed (Alianza Para La Conservación Del Bosque 
Seco, 2011; Saldivar, 2021). The map of distribution and 
forest cover (see Figure 1) shows that this situation has 
persisted over time (Maes, et al., pending publication). It 
is an impossible task to define a number for the amount 
of current tropical dry forest since there is no existing 
design of methodologies that facilitate its spatiotemporal 
monitoring, and reports have varied in nomenclature over 
the decades.

Although Nicaragua has no census, non-native species 
can be observed with the naked eye dominating the dry 
forest landscape as ornamentals, live fences and even 
at the forest’s edge. Some characteristic exotic species 
are Malinche (Delonix regia (Bojer ex. Hook) Raf.), Neem 
(Azadirachta indica A. Juss.), Almendra (Terminalia catappa 
L.), Tamarindo (Tamarindus indica L.), and Eucalipto 
(Eucalyptus sp. L’Hérs.), among others.

These apparently “non-important” changes in the 
landscape create essential disruptions in the availability 
of food for wildlife (Ness and Morin, 2008). Not to mention 
that the fragmentation and loss of the forest have put some 
species of dry forest fauna, such as the Spider Monkey and 
the Yellow-naped parrot under critical  threat (Jovenes 
Ambientalistas de Nicaragua, 2018).

other threats, such as increased temperature and changing 
in the rainfall seasons (González Hernández et al., 2015; 
Weisse and Goldman, 2020).

1.1. Tropical dry forests in Nicaragua

The TDF in Nicaragua has a strip located in the 
Central American Dry Corridor, which is now subjected 
to aridification processes (Hidalgo, 2021) and possibly 
expanding. At the beginning of the 2000s, according to the 
forest census, the dry forest was estimated at 3,751.666 
million hectares, distributed between Nicaragua’s Pacific 
and north-central Zone (MAGFOR, 2000). In 2011, a new 
study showed that the dry forest strongholds throughout 
the territory was estimated at 406 813.89 ha (Alianza 
para la Conservación del Bosque Seco, 2011), a figure that 
represents a 90% reduction of forest in this ecosystem 
(Saldivar, 2021).

In Nicaragua, 3.9 million people live in the dry forest, 
where the most significant national commercial and 
industrial activity occurs (MARENA, 2017) however, this 
ecosystem has not been prioritized for protection, nor 
does a restoration plan for strategic areas exist at this time 
(Saldivar, 2021). This situation increases the vulnerability of 
species that are under pressure due to habitat loss, where 
species accepted on the IUCN red list for Nicaragua stand 
out, such as the Spider monkey (Ateles geoffroyi, Kellogg and 
Goldman, 1944) and the Yellow-naped parrot (Amazona 
auropalliata, Lesson, 1842) (Jovenes Ambientalistas de 
Nicaragua, 2018), not to mention that the revision of the 
flora species has not been updated on the CITES list since 
2010 (CITES, 2010). There have been no recent monitoring 
studies on the status of threatened species, a panorama 
exacerbated by the alarming increase in heat points in the 
country and forest loss with official rates of 70,000 ha per 
year (MARENA, 2017). Dry forest fragmentation undermines 
the possibility of guaranteeing the ecosystem services 
that the TDFs provide to the well-being of citizens in the 
form of clean air, access to water, temperature regulation, 
and pollinators.

This manuscript aims to make visible the invaluable 
ecosystem services that this forest type contributes to 
biodiversity, food security, natural resources such as 
water and public health which indicates the strong need 
to create more outstanding efforts in further studies, 
the introduction of conservation measures, and strong 
restoration efforts as a resilience strategy to the threat 
posed by climate change.

2. Character of Tropical Dry Forests in Nicaragua and 
Biodiversity

Tropical dry forests are difficult to delimit, but the 
concepts are usually accepted in the altitudinal influence on 
vegetation formations (150-800 m.s.l.), the rainfall regime 
that occurs with precipitation between 500-2000 mm per 
year, and average temperatures of 20-29 °C according to 
the geographical region. In Nicaragua, the botanist Salas 
proposed the study of Nicaraguan forests framed mainly 
in four ecological regions; where the dry forest mainly 
covers Ecological Region I (Pacific Sector) and Ecological 
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of water (Gónzalez de Andrés et al., 2017) and are more 
resistant to variability in climate (Caldwell et al., 1998). It 
is especially important to emphasize that natural forests 
contribute greatly to the resilience of sources of water 
supply for human consumption and other uses to better 
encounter global climate change.

Tropical dry forests are seen as more vulnerable to the 
pressures of changing land use and climate change due 
to reduced content of humidity in the hydrological cycle. 
Presently many regions with tropical dry forest ecosystems 
under water stress have been observed indicating that the 
advance of climate change has greater consequences for 
the adequate functioning of these natural ecosystems as 
well as maintaining social-economic conditions dominating 
these areas. It has been predicted that 30% of tropical 
dry forests are under high risk of reduction with even 
higher risks in Central and South America of up to 38% of 
their area (Miles et al., 2006). Therefore, effects of global 
climate change on tropical dry forests could impact both 
quantity and quality of surface and groundwaters but also 
the availability of water in the soil to promote growth, 
biodiversity and expansion of tropical dry forests. The loss 
of tropical dry forests and its continuing fragmentation 
could result in a permanent shift to a state of reduced 
overall vegetation cover reaching a limiting level where 
atmospheric deposition doesn’t permit the regrowth of 
a dense forest canopy (Runyan et al., 2012; Runyan and 
D’Odorico, 2016).

The functioning and density of forests are controlled by 
the hydrological cycle and maintain the cycle of nutrients 
and carbon; they promote the infiltration that facilitates 

In the case of flora, an ecological interpretation of 
the status of endangered species has yet to be carried 
out recently; however, changes in land use tend to show 
significant forest loss, and the remnants of the field are 
usually observed in a sparse forest state. An investigation of 
species richness indices in different forest remnants found 
that species richness indices were higher in areas where the 
tree cover belonged to a mature forest. Gallery forest and 
hillslope forests had higher species richness indices than 
remnants of vestigial and sparse forests (Tarrasón et al., 
2009), indicating the importance of promoting forest 
connectivity and biological corridors. The native flora of dry 
forests represents an essential element in the ecosystem, 
not only providing food for wildlife (Rumiz, 2009) but 
also directly related to the productivity of food, energy 
(firewood) for local communities (IPBES, 2019).

3. Water and Forests: Importance of Tropical Dry 
Forests for Water Resources in Nicaragua

More than 75% of inland waters are accessible through 
forest watersheds (Newton, 2021); this shows the 
importance of the interrelationship between water and 
forests in the management of sustainable forest ecosystems. 
Water is also the most important factor which promotes 
growth and distribution of trees in the forest. But on the 
other hand, forests have the capacity to modulate the 
hydrological cycle. Deforestation can lead to changes in 
regional climate conditions reducing regional precipitation 
due to diminishing evapotranspiration. Also forests which 
have higher tree biodiversity can take better advantage 

Figure 1. Distribution of Tropical Dry Forest (TDF) and categories of TDF coverage and protected areas in Nicaragua. (Elaborated by: 
Ing. Muriel Rios; Dry Forest Project Team; Teledetection (Jürguen Guevara), Sentinel II A).
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tendency in changes of total annual rainfall per season 
(Vammen et al., pending publication). But there have been 
precipitation deficits in some periods in the last decade 
in the region of Central America within the rainy season 
that have been historically more humid. Precipitation 
regime patterns have been noted with increasing intensity, 
changes in duration and in seasonality in the last decade.

3.1. Groundwater and Aquifers in Nicaragua

In the hydrological cycle, precipitation is distributed in 
different partitions that provide water input for surface 
water, groundwater, runoff and to evapotranspiration 
from the vegetation which then is directed to atmospheric 
humidity.

In the specific area of the tropical dry forests, 12 aquifers 
can be found of hydrogeological importance due to their 
extension. They are presently being used for human 
consumption, irrigation and in industries. There are 15 
minor areas known as intra-mountainous aquifers that 
serve as water supply for small populations (see Figure 2) 
(Vammen et al., pending publication).

The main aquifers with the largest area in the tropical 
dry forests coverage area are Occidente, Nandaime-Rivas, 
Villanueva and Tipitapa- Malacatoya (as shown in Table 1).

The largest area of dense broadleaf forest corresponds 
to 2 of the principal aquifers, Occidente and Malpaisillo 
with only 98.4 km2 and 62.3 km2 respectively. All other 
aquifers are predominately secondary young forests and 
sparse broadleaf forests. Unfortunately, this indicates 
limited coverage of forests in the areas of the major 
aquifers of Nicaragua.

recharge to the aquifers, regulate the flow of rivers and 
streams, stabilize the soils in protecting them from hydric 
and wind erosion (Bernex, 2021). As mentioned earlier, the 
tropical dry forests of Nicaragua are highly fragmented due 
to strong changes in land-use and increasing vulnerability 
to climate change. Deforestation and extreme fragmentation 
lead to the loss of the multifunction of forests and the 
diverse benefits to the population such as providing water 
resources to the inhabitants in these regions and ecosystem 
services with decreasing biodiversity of the forest habitats.

As observed above (see Figure  1), the coverage of 
tropical dry forests (TDF) in Nicaragua is dominated by 
sparse broadleaf forests in 51.6%, followed by secondary 
young forests in 26% and lastly, dense broadleaf forests in 
only 8.4%. The area of the TDF is located predominately 
in the largest watershed of Nicaragua called Río San Juan 
(952) in 45% and the Pacific Watershed (9533) in 39% of 
its total area. Other smaller portions can be found in the 
Río Coco Watershed (9516) in 8.6% and in the Río Grande 
de Matagalpa Watershed (9518) in 7.4% (Vammen et al., 
pending publication).

The largest remnants (93%) of the area of the TDF 
in Nicaragua is located in the zone of average annual 
precipitation of 1001-1900mm (INETER, 2010) which is 
favorable considering the normal range for TDF is between 
250 and 2000mm (Murphy and Lugo, 1986). As tropical dry 
forests are characterized by changes in seasonality with a 
distinct dry season (in the case of Nicaragua from December 
to April) followed by a rainy season (May to November), an 
analysis of two periods of monthly annual precipitation 1) 
1971-2010 and 2) 2011-2015 in 4 meteorological stations 
of the specific area of TDF does not show a significative 

Figure 2. Map of Tropical Dry Forest indicating Location of Aquifers. (Elaborated by Ing. Muriel Ríos, Source: INETER, 2017).
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2019), where phenomena such as “El Niño” can further 
increase aridity. As a consequence, other threats appear, 

According to the Nicaraguan Institute of Territorial 
Studies (INETER, 2010), 80% of the Nicaraguan population 
was supplied by groundwater used for irrigation, industry 
and drinking water in 2010. The Occident aquifer in the 
municipalities of León and Chinandega has the greatest 
water potential in volume; this area also has very fertile 
soils, and the water of the aquifer is used for irrigation of 
sugarcane, peanuts, and other perennial crops in the dry 
season (Vammen and Peña, 2022). The agricultural water 
withdrawal to total water withdrawal in Nicaragua is very 
high with 76.72% (FAO, 2022). Some indications of loss of 
water quality in groundwater has been observed due to 
intense application of persistent pesticides in the past and 
present (Delgado, 2003; Montenegro and Jiménez, 2009). 
Presently artisanal mining is also spreading in the area 
affecting surface waters as the “rastras” and other forms 
of processing are usually located on the shore of rivers 
(La Prensa, 2017). The location and capacity of the main 
aquifers mentioned correspond to areas where the highest 
activity of production of the main agricultural products 
of Nicaragua are found; loss in volume and quality of 
water would bring economic impacts affecting not only 
national exports but also employment opportunities and 
as a consequence local economies.

4. Climate Change in the Dry Corridor of Central 
America and Tropical Dry Forests in Nicaragua

4.1. Dry Corridor of Central America

Central America has a very pronounced Dry Corridor 
mainly in its Pacific region extending from Northwest 
(Guanacaste) in Costa Rica through the Pacific area of 
Nicaragua and in El Salvador, Honduras, and Guatemala. 
The area of the Dry Corridor in Nicaragua covers 21% of 
national territory (Graterol Matute et al., 2019) meaning 
~66% of the national population (Source: from municipal 
populations (INIDE, 2020). But the extension is growing 
and varies for normal conditions (30.3% area of Central 
America), extreme dry (36.2%) and extreme wet years 
(21.3%) (Quesada-Hernández  et  al., 2019). Figure  3 
shows this variation in 3 maps of the area according to 
the precipitation characteristics under different climate 
conditions. Specifically for Nicaragua, the changes mean a 
change in area from 45 495 km2 in a year of dry conditions 
and 27 495 km2 in wet conditions (As shown in Table 2).

Studies at the Central American scale show the advance 
of arid conditions in Central America, which will influence 
the dry forest in the dry corridor (Quesada-Hernández et al., 

Table 1. Total area of aquifer, area of aquifer in TDF and % Coverage of aquifer area in TDF . Source: Vammen et al. (pending publication).

Total Area of Aquifer
Area of Aquifer in Tropical 

Dry Forests Remnants
% Aquifer Area in Tropical 

Dry Forest Remnants

Occidente 2117 km2 299.2 km2 14.00%

Nandaime-Rivas 1101 km2 254.6 km2 23.12%

Villanueva 1352 km2 252.5 km2 18.67%

Tipitapa-Malacatoya 1406 km2 245.3 km2 17.44%

Figure 3. Delineation of Central American Dry Corridor under 
three different climate conditions. (Elaboration: Gustavo Martínez; 
Source: Quesada-Hernández et al., 2019).
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therefore higher demand for water from the atmosphere, 
drier soils, and higher aridity; consequently, affecting 
agriculture, ecosystems, and an increase in potential 
for forest fires (Hidalgo, 2021; Bren, 2023). Increasing 
arid conditions have a negative effect on the content of 
organic carbon and nitrogen in soils and therefore have 
less coverage of vegetation. This could also bring a decrease 
in groundwater storage and therefore more pressure on 
water resources for all uses. A reduction of soil fertility 
and less available water would bring social, economic, 
and ecological effects and the potential for restoration 
and adaptation to further climate change developments.

5. Changes in Land-Use and Habitat Loss in Tropical 
Dry Forest Areas of Nicaragua

Changes in human activities, such as modification 
of land use and the lack of practices of management 
of watersheds are the principle causes of the extreme 
fragmentation and decrease in area and type of coverage 
of the TDFs in Nicaragua.

Globally, tropical dry forests are known to be more 
conducive to pressures of land use changes that bring 
strong fragmentation and deforestation; they are more 
vulnerable also in particular as they are more attractive 
for human habitation and easier to clear for agriculture 
and pasture lands. Also, areas of dryland forests have 
higher belowground root biomass accounting for higher 
total organic matter in the soils (Murphy and Lugo, 1986; 
Trumper et al., 2008). These land-use changes that have 
led to fragmentation of the forests in Nicaragua have 
been induced with the objective of extending areas for 
agriculture and cattle grazing activities. A further factor 
is the deforestation due to use of firewood for domestic 
cooking use and conversion to carbon especially in rural 
areas where there are higher poverty rates. In a report 
from the Ministry of Environment and Natural Resources 
(MARENA, 2017), 87% of households consume firewood 
for cooking in the Pacific Ecological Zone I and 94% in the 
Central-North zone.

These changes increase tendencies to more intensive 
erosion processes in the former forest areas leading to 
impacts in waterbodies mainly surface waters and coastal 
areas. But this also presents risks for groundwater as 
massive deforestation affects infiltration processes that 
feed aquifers.

Globally the ecosystems of tropical dry forests are 
more exposed to the loss of biodiversity; of the 25 global 
hotspots exposed to loss of habitats and characterized 
for high level of endemism, 11 are located in tropical dry 
forests (Myers, et al., 2000). The remnants of forest are 
usually not connected or have no transition zones which 
means a loss of habitats causing reduction of biodiversity. 
This results in increases in the availability and number 
of invasive species in the landscape, where native flora 
is continuously replaced to meet the demand for fodder, 
bioinsecticides, food production, and even ornamentals. 
Invasive species are an ecological, economic, and even 
public health hazard, not to mention that they represent a 
driver of climate change (IPBES, 2019; Young et al., 2022).

such as exacerbating food insecurity in vulnerable areas, 
where 6 million Central Americans may be affected (El 
Economista, 2023) and a corresponding reduction and 
impact on water resources.

Increased aridity in forest areas, particularly in dry 
forests, also creates a significant susceptibility to increased 
wildfires due to potential evaporation increases (Bren, 
2023). The ecological impact of these long-term changes at 
the forest level has yet to be studied. However, they could 
pose significant dangers to resilience, as the soil seed bank 
facilitating natural regeneration could be threatened. A 
recent study conducted in dry pine forests in the United 
States found that as aridity in dry forests increases, this 
reduces seed dormancy by up to 50%, which impacts seed 
bank productivity and the forest’s ability to self-restoration 
in the long term (Petrie et al., 2017); with this, we can 
measure the threats that climate change represents for 
the dry forest ecosystem not yet quantified.

At the ecological scale, this can influence how species 
establish themselves in the ecosystem, where generalist 
species have better adaptation and therefore tend to 
expand their distribution, which generates greater resource 
competition for specialist species (Ness and Morin, 2008; 
Souza e Silva et al., 2019). Forests at the spatial scale are 
dynamic systems (Stand and Sanchez-Azofeifa, 2019), and 
the climatic and anthropogenic influence is raising new 
questions about their ecological significance.

The strip of tropical dry forests in the CADC is 
extremely fragmented and under risk of disappearance 
due to changes in land use, conversion to agriculture 
lands and cattle breeding pastures. Some droughts in 
particular are related to the anomalous distribution of 
precipitation during the rainy season specifically longer 
dry periods known as “canícula or veranillo.” These longer 
dry periods during the rainy season are influenced by 
the higher ocean surface temperatures in the Pacific and 
reduced temperatures in Atlantic resulting in drier soils 
and more frequent dry periods. It has been predicted that 
this will cause an increase in aridity in a hotter climate in 
the future and prediction models of the Dry Corridor have 
shown significant tendencies in warmer temperature and 
less significative changes in total volume of precipitation. 
(Hidalgo  et  al., 2019). Temperature is increasing in all 
seasons and its further growth has been predicted for 
the future bringing increases in evapotranspiration and 

Table 2. Three different climate conditions, total area of Central 
American Dry Corridor (CADC) and its area in Nicaragua. Source: 
Quesada-Hernández et al. (2019).

Dry Conditions

Total Area of CADC  
187 229km2

Area in Nicaragua  
45 495 km2

Wet Conditions

Total Area of CADC  
110 502 km2

Area in Nicaragua  
27 495 km2

Normal Conditions

Total Area of CADC  
156 870 km2

Area in Nicaragua  
44 189 km2
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areas and hotspots of biodiversity. A reduction of soil 
fertility and availability of water would bring social, 
economic, and ecological affects and further reduce the 
potential for restoration and adaptation to coming climate 
change developments. The heavy withdrawal of water 
for agriculture use complicates more the unsustainable 
management of these resources. This reduction of 
vegetation and fragmentation has led to severe losses of 
habitat of the special biodiversity of tropical dry forests. 
This leaves the area of the tropical dry forests completely 
open to the impacts of climate change which could mean 
increasing aridity and the mentioned consequences for 
water resources and biodiversity. Land use exerts severe 
pressure on the soil, an element of biodiversity that we do 
not often mention but whose alterations and erosion of its 
richness and productivity directly affect the food security of 
several organisms, including humans (Mujtar et al., 2019).

6. Sustainable Forest Ecosystem Management-Is 
There a Path Forward for the Tropical Dry Forests of 
Nicaragua?

Globally forests contain 50% of carbon reserves and 75% of 
inland waters come from forest watersheds (Newton, 2021).

Due to the special vulnerability of tropical dry forests 
combined with the oncoming consequences of climate 
change and the present conditions in Nicaragua of extreme 
fragmentation and reduction of vegetation coverage, it 
is urgent to design a program to meet the challenges of 
climate change and stop the extreme land-use changes 
with measures and components of a program of regulation 

Pollinators represent a group of species fundamental 
to the health of dry forests; these organisms of different 
species are part of the food chain of many carnivores, and 
they are also involved in seed dispersal and pollination of 
plants (Quesada et al., 2009). Habitat loss in the dry forest 
is causing a significant loss of stingless bee populations 
due to the anthropogenic impact of deforestation for 
agricultural purposes and the use of insecticides in this 
ecosystem. (May-Itzá et al., 2022). The Nicaraguan dry 
forest is not exempt from this threat, so its study and 
conservation should be a national priority.

The area of remnants of tropical dry forests in Nicaragua 
has been analyzed according to land-use in 2015 resulting 
in the following map (see Figure 4) where 9,279.77 km2 
are used as pasture lands and 3,968.93 km2 as annual or 
permanent agricultural crops.

The largest watershed area represented in TDF area, Río 
San Juan (952) predominantly shows land-use as pastures, 
annual agricultural crops and bushy scrubland and the 
second largest watershed, Pacific (9533) as predominantly 
permanent crop cultivation, sparse broadleaf forests and 
pasture lands.

The changes in vegetation coverage due to the constant 
modification of land-use affect the forest hydrology which 
brings consequences such as the reduction of the resilience 
to climate change and could bring alterations of the local 
and regional climate. There is a clear overexploitation of 
the territory in favor of agricultural and pasture use that 
have caused the severe fragmentation and reduction of 
the tropical dry forests; therefore, there is a complete 
absence of control and regulation directed to the protection 
of groundwater, inland surface waters, coastal marine 

Figure 4. Land-use (2015) in the area of Tropical Dry Forests of Nicaragua. (Elaboration: Ing. Muriel Ríos; Source: INETER, 2015).
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70 species of trees in 4x4 squares and assisted natural 
regeneration by clearing competing vegetation from young 
trees. As a result of this work, they observed in seven years 
that the average carbon increased almost three times, from 
21.5±5.0 to 57.9±9.6 SE tons/ha, coinciding with values of 
much older forests (20 years). Also, significant increases 
were observed in species richness from 36 to 96 species. 
With this, the return to the area of sensitive species, such 
as the Spider Monkey, was observed in the trees of the 
restored site (Guillen et al., 2015).

Forest conservation is not a task exclusively for NGOs; 
considerable research shows that sustainable agriculture 
management through silvopastoral systems can also be a 
conservation tool. Through corporate social responsibility 
activities, private enterprises can also be actors of change, 
such as Private Wildlife Reserves, which are also ecotourism 
enterprises; private companies can provide support in 
assisted reforestation, environmental education, and water 
availability in the communities.

One example of private management and restoration of 
a segment of tropical dry forests (434 hectares) is Reserva 
Natura (Saenz, In press) which originated as a program 
of water compensation in private land from a company 
dedicated to sugar cane production. The forest reserve 
has had a continuation now for 16 years and has included 
interdisciplinary studies and application of a practical 
management strategy involving 40 different specialists in 
different sectors of environmental conservation.

Their mission was defined as “The conservation and 
development of forests to increase the infiltration of water 
to maintain a water reservoir in the site of the Reserva 
Natura. Transform the site into a reference area for national 
educational efforts for the management and conservation 
to demonstrate the assets and environmental services 
of tropical dry forests. The management demonstrates 
that conservation of forests brings economic, social and 
ecological sustainability; from this base of scientific-
technical information generated by professionals in 
forestry, agriculture, economy, biology, ecology, hydrology 
and more, it is possible to design viable public policies.” 
(see Figure 5) (Saenz, in press).

7. Conclusions

In Nicaragua, 3.9 million people live in the dry forest, 
where the most important commercial and industrial 
activity occurs at the national level (MARENA, 2017). In 
Nicaragua, sparse broadleaf forests dominate the dry forest 
cover at 51.6%. In particular, it is predominantly located in 
the largest watershed of Nicaragua, called San Juan River 
(952) and 45% of this ecosystem is located in the Pacific 
Basin (9533). The largest area of remaining dense broadleaf 
forest is located over 2 of the principal aquifers: Occidente 
and Malpaisillo. (Vammen et al., pending publication).

Due to the particular vulnerability of tropical dry forests 
combined with the oncoming consequences of climate 
change and the current conditions in Nicaragua of extreme 
fragmentation and reduction of vegetation cover, it is 
urgent to design a program to face the challenges of climate 
change and to guarantee the sustainability of the forest 

and control of the specific causes of deterioration of the 
forests and other corresponding resources such as water, 
biodiversity and soil. One component should include the 
integral management of the 4 watersheds that make up 
the area of the remnants of tropical dry forests.

Due to their high vulnerability to climate change and 
pressures from land use changes, it is even more important 
to have a better understanding of the complexity of 
dryland forest ecosystems. Research is needed emphasizing 
forest hydrology and other necessary interdisciplinary 
studies of resources such as water, soil and conditions 
for restoring biodiversity especially with native species of 
vegetation that can survive a certain degree of aridity and 
other climate change impacts. This knowledge should be 
promoted to obtain input for the better design of protection 
measures and to restore connecting areas of the tropical 
dry forest remnants. These investigations should take 
into consideration areas where there are special needs 
of protection and conservation of groundwater aquifers, 
surface waters and coastal areas under threat from climate 
change and further overexploitation processes. It is also 
important to identify areas with hotspots in biodiversity 
of national and international interests.

Payment for ecosystem services is an incentive that 
has given good results in conservation support policies 
(Becerra  et  al., 2021). This type of incentive has been 
suspended in Nicaragua (Saldivar, 2021), but it could 
be part of an essential strategy to promote efficient and 
environmentally friendly land use.

Certain measures to overcome drought periods should 
be introduced such as water harvesting, and natural 
restoration combined with reforestation efforts. The use of 
certain organisms such as arbuscular mycorrhizae (Auge, 
2004) and ectomycorrhizas (Lehto and Zwiazek, 2011), 
to improve water absorption and nutrient uptake and 
therefore restoring soils of the territory, could be applied.

There have been individual protection and restoration 
initiatives from private-sector companies including those 
using groundwater and surface waters to irrigate their 
agricultural products, non-governmental organizations, 
and other environmental institutions:

A study conducted in the Asese Peninsula in Granada, 
Nicaragua, found that the vegetation composition in dry 
forest species was persistent in an analyzed period of 
1200 years. The research found a great resilience capacity 
of dry forest vegetation species to adapt to the changes to 
which this ecosystem is subjected, such as anthropogenic 
disturbances, variations in the rainfall regime, and forest 
fires mainly (Harvey et al., 2019).

Based on this resilience capacity, strategic forest 
restoration and forest management play an essential role 
in the conservation of this ecosystem. In Nicaragua, some 
experiences have demonstrated this, such as the work 
carried out by different researchers and collaborators with 
the NGO, Paso Pacifico, where significant efforts and studies 
have been undertaken to improve the conditions of the 
dry forests. They work with a method where restoration 
occurs in a “strategic” way to accelerate the assembling 
tree and shrub species that help maintain wildlife habitat.

In 2007, they restored some 400 ha of dry forest and 
forest in transition in the department of Rivas. They planted 
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and the availability of water. Scientific research should 
emphasize forest hydrology, specific nutrient cycling in dry 
forest and interdisciplinary studies to ensure biodiversity 
and social sustainability. The TDF have a high resilience 
capacity (Harvey et al., 2019), and because of this, strategic 
forest restoration and management play an essential role 
in the conservation of this ecosystem so important to the 
maintenance of natural resources of Nicaragua.

Nicaragua is a country rich in natural resources which 
bring a substantial potential to meet the challenge of climate 
change; therefore, the protection and conservation of its 
natural resources such as forests, water and biodiversity are 
key for an improved sustainable development in the future.

Considering the area of dryland forests is similar to 
that of tropical moist forests (Bastin et al., 2017), a better 
understanding, management and maintenance of tropical 
dry forests is gaining more importance and have a broader 
applicability globally as they are more vulnerable to climate 
change and more exposed to land use changes. Their 
strong interrelationship to water resources reinforces the 
need for special management steps for their restoration 
and protection.
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