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Abstract 50 
The conservation status of wetlands is poorly understood, and there is a need for basic 51 
information to inform their management. It has been demonstrated that an increase in 52 
temperature will result in changes to the amount of water in wetlands, which may 53 
affect their functionality and composition. The wetlands of the Reserva de Producción 54 
Faunística Chimborazo (RPFCH) are undergoing a degradation process as a result of 55 
anthropogenic activities. In light of this challenge, the objective of this study was to 56 
evaluate the conservation status of two wetlands within the RPFCH, with the aim of 57 
identifying optimal management strategies. This research is exploratory in nature, 58 
employing descriptive, analytical, and prospective approaches. The study was 59 
conducted through the characterization and description of the vegetation, soil, and 60 
water components of the wetlands. The study area included the Pampas de Salasaca 61 
and Sachahuayco wetlands. An ecological classification was established, and a series 62 
of biological, chemical, and physical analyses were conducted on the water and soil. 63 
Subsequently, the conservation status was determined by calculating the spectral index 64 
of Normalized Difference Vegetation (NDVI), calculating the condition with Parker's 65 
method, and comparing the results with the t-test for two independent samples. The 66 
results demonstrated a regular condition according to the Parker Method, and the 67 
NDVI classification was "not very vigorous vegetation". 68 
Keywords: Conservation status, Comparison, Bofedales, Chimborazo Fauna 69 
Production Reserve. 70 

 71 

    Resumen  72 

Estudios sobre el estado de conservación de los bofedales son limitados y se requiere información 73 

básica para su manejo. Bajo un escenario de aumento de temperatura, se ha comprobado que la 74 

cantidad de agua en los bofedales cambiará, pudiendo afectar su funcionalidad y composición. Los 75 

bofedales de la Reserva de Producción de Fauna Chimborazo (RPFCH) están atravesando por un 76 

proceso de degradación como consecuencia de actividades antrópicas. Ante esta problemática, el 77 

propósito de esta investigación fue comparar el estado de conservación de dos bofedales de la RPFCH, 78 

para determinar estrategias de manejo. Se trata de una investigación de tipo exploratoria, a nivel 79 

descriptivo, analítico y prospectivo. Se la desarrolló por medio de la caracterización y descripción de 80 

los tipos de vegetación y los componentes suelo y agua de los bofedales: Pampas de Salasaca y 81 

Sachahuayco. Se estableció su clasificación ecológica, se realizó análisis biológicos, químicos y 82 

físicos del agua y suelo. Posteriormente, se determinó el estado de conservación, mediante el cálculo 83 

de índice espectral de Vegetación de Diferencia Normalizada (NDVI), cálculo de la condición con el 84 

método de Parker y se los comparó con la Prueba t para dos muestras independientes. Los resultados 85 

mostraron una condición regular mediante el Método de Parker y para el NDVI se los clasificó como 86 

vegetación poco vigorosa. 87 

 88 

Keywords: Estado de conservación, Comparación, Bofedales, Reserva de Producción de Fauna 89 

Chimborazo. 90 

 91 

1. Introduction 92 

https://orcid.org/0000-0001-6265-8164
mailto:dagoeco@gmail.com
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The term "bofedal," which is typical of Bolivia, Chile, Peru, and Ecuador, is used to identify highlands 93 

with natural evergreen, succulent vegetation, with high forage potential and with permanently moist 94 

soil. These ecosystems are characterized by humid environments with a permanent source of water, 95 

which results from the melting of glaciers, the presence of streams, rainfall, and springs. They are 96 

situated in a dispersed manner within the Altiplano and Altoandino bioregions, and they are highly 97 

productive, serving as a source of sustenance for significant populations of wild species. Furthermore, 98 

wetlands serve as a refuge for the maintenance of exceptional biodiversity of flora and fauna 99 

(Alzérreca et al., 2001; Contreras, 2007). Despite their limited extent, wetlands serve as a vital reserve 100 

of water and steppe during periods of drought. Nevertheless, despite the significance of these 101 

ecosystems, there is still a lack of essential information required for the conservation and sustainable 102 

management of these ecosystems (Alzérreca et al. 2001).  103 

 104 

The wetlands of the Chimborazo Fauna Production Reserve (RPFCH) are situated within the 105 

hydrographic units of the Chimbo River, the Pastaza River, and the Chambo River, which are 106 

distributed across the provinces of Chimborazo, Tungurahua, and Bolívar (Lozano et al., 2016). These 107 

wetlands are of natural origin and can be classified as highland and high Andean in type. In some 108 

areas, they are characterized by a permanent presence of water, which is referred to as an udic water 109 

regime. In contrast, in other areas, they exhibit a temporary water regime, which is known as a mesic 110 

water regime (Delgado, 2018). As indicated by Lozano et al. (2016), these ecosystems are undergoing 111 

a process of degradation due to anthropogenic activities. Of the ecosystems within the RPFCH, 37.5% 112 

are classified as having a medium level of impact, while 31.3% are classified as having a high level of 113 

impact. This has resulted in the loss of habitat, a reduction in vegetation cover, the deterioration of 114 

natural water tributaries, the presence of inorganic waste, and the subsequent conversion of the 115 

ecosystem.  116 

 117 

Additionally, Lozano et al. (2016) ascertain that the RPFCH wetlands have undergone a historical 118 

reduction in their area, with a decrease from 4091.21 ha in 1966 to 2824.90 ha in 2011. This indicated 119 

a reduction of 30.95% over approximately 50 years, which would precipitate an imminent collapse of 120 

the ecosystem. Accordingly, the IUCN Red List categorizes the RPFCH wetlands as Critically 121 

Endangered (CR), indicating a high risk of extinction (Andrade, 2016).  122 

 123 

The objective of this research was to evaluate the conservation status of the Pampas de Salasaca and 124 

Sachahuayco wetlands in relation to the vegetation, soil, and water components. The findings of this 125 

study offer valuable insights into the conservation status of the wetlands, providing a basis for 126 

informed decision-making and the development of effective management strategies and actions. 127 

 128 

2. Materials and methods 129 

2.1. Study Area 130 

The RPFCH encompasses an area of 52,683.27 hectares. The area is situated within the provinces of 131 

Chimborazo, Tungurahua, and Bolívar, spanning an altitudinal range of 3,800 to 6,263.47 meters 132 

above sea level (MAE, 2019). Of this area, approximately 5.36% is represented by wetlands, which 133 

are equivalent to 2,824.90 ha (Lozano et al., 2016). Furthermore, the study notes that between 1966 134 

and 2011, as a consequence of anthropogenic activities that have resulted in degradation, this area has 135 

been reduced by 30.95% (Lozano et al., 2016). The wetlands of the RPFCH are primarily situated 136 

within the following ecosystems: The wetlands of the RPFCH are primarily classified into the 137 

following categories: ultra-humid sub-nival grassland of the paramo, upper high montane humid 138 

grassland of the paramo, floodable grassland of the paramo, and grassland of the paramo. 139 
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 140 
Figure 1. Location of the study area. 141 

 142 

These ecosystems are characterized by high levels of plant productivity, the provision of fresh water, 143 

the purification and filtration of harmful waste in the water, and the formation of protective barriers 144 

against natural phenomena. They also serve as stabilizers and controllers of erosion and local climatic 145 

conditions, such as rainfall and thermal changes. Furthermore, they load and discharge groundwater, 146 

store carbon, and are essential for the preservation of biodiversity in the protected area (MAE,2019).  147 

 148 

The Sachahuayco study wetland is situated at an altitude of between 4,000 and 4,040 meters above sea 149 

level and encompasses an area of approximately 25 hectares. The site is situated on a 140-hectare 150 

private property, owned by the Yana-Hurco Regional Water and Sewerage Board. The property was 151 

acquired 25 years ago with the objective of protecting the natural environment and ensuring a reliable 152 

water supply for the regional system. The Board has been granted a concession to use and exploit the 153 

site at a rate of 31.27 liters per second (Yanahurco Regional, 2018). 154 

 155 

The Pampas de Salasaca wetland is of the natural altiplano type, as it is situated below an elevation of 156 

4,100 meters above sea level. It exhibits a hydromorphic water regime, characterized by a high and 157 

constant level of humidity throughout the year (Andrade, 2016). The wetland is regarded as one that 158 

has undergone significant human intervention, with threats such as the presence of cattle, the diversion 159 

of water, and the introduction of machinery observed in certain areas of the vegetation cover (Lozano 160 

et al, 2016). 161 

 162 

2.2. Methodological process 163 

The methodology employed in this study was exploratory, analytical, and descriptive (Figure 1). 164 

Initially, the wetlands were characterized and described through the use of a bibliographic review and 165 

field exploration. Secondly, the state of conservation of the wetlands was evaluated through the 166 

analysis of soil water, biodiversity indices, and the use of remote sensors and spectral indices. In 167 

conclusion, the conservation status was evaluated through statistical analysis and the application of the 168 

grassland condition equation. 169 

 170 
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 171 
Figure 2. Methodological process for the fulfillment of the objects of this study. 172 

 173 

2.2.1. Characterization and description of the types of vegetation and the soil and water components 174 

of the wetlands  175 

The distribution and extension of the wetlands were determined through field research and the 176 

georeferencing of their surface with precision GPS technology. Subsequently, the ecological 177 

classification was determined through the analysis of the geographical data presented in the 178 

Vegetation Map of Ecuador Project.  179 

 180 

The threats were identified by a review of the database of Smart reports of control and surveillance 181 

patrols conducted by personnel of the Chimborazo Reserve in 2018, 2019, and 2020. Finally, samples 182 

were taken for analysis to characterize the components of the bofedal, namely water, soil, and 183 

vegetation. The sampling area was delimited by establishing cells of 100 X 100 m in the study areas 184 

using ArcGIS 10.8 software. The intensity, size, and intensity of the sampling were calculated by 185 

applying the equation proposed by Rodríguez et al. (2004). The sampling period was between 186 

February 1, 2021 and July 31, 2021. 187 

The plant component was sampled using the transect-to-pass method, with a line of 100 double 188 

crossings (100 meters in a north-south direction) traversed. In each instance of double crossing, the 189 

following species were documented: mulch, moss, bare soil, rock, or erosion pavement (Tapia and 190 

Flores, 1984). In the sampling of the soil component, samples were taken at a depth of 20 to 30 cm, 191 

with consideration given to the type of vegetation, and with due care taken to ensure the integrity and 192 

health condition of the samples. For the purpose of sampling the water component, the containers 193 

were filled to a level of up to 3/4 (three-quarters) of their maximum capacity, in order to allow for 194 

aeration. The sample is obtained by submerging the container in a counter-flow manner, thereby 195 

preventing the inclusion of air due to turbulent flow and taking photographs of the sampling site. 196 

Furthermore, the parameters were measured in situ in order to determine the temperature, pH, and 197 

conductivity. 198 

 199 
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 200 

Figure 3 (a) Map of the 222 cells for Salasaca where 12 sampling points and transects are identified, 201 

(b) Map of the 46 sampling cells for Sachahuayco where 12 sampling points and transects are 202 

identified. 203 

 204 

In conclusion, the vegetation was described in detail, indicating the genus, family, and species. The 205 

results of the soil analysis are detailed for the following parameters: temperature, pH, chloride, 206 

calcium, magnesium, potassium, and sodium, as well as organic matter. The results of the analysis of 207 

the physical characteristics of the water, including conductivity, hardness, and temperature, were 208 

detailed. The chemical characteristics of the water were also analyzed. The pH level was also 209 

determined. In addition, the biological parameters of calcium and magnesium, chlorides, total 210 

suspended solids (TSS), and total dissolved solids (TDS) were analyzed. The total solids content was 211 

also evaluated.  212 

 213 

2.2.2. State of conservation of the wetlands  214 

 215 

In order to ascertain the physical, chemical, and ecological parameters pertinent to the conservation of 216 

the wetlands, an investigation was conducted into the floristic composition and ecological condition, 217 

encompassing aspects such as composition, abundance, diversity indices, and the various types of soil 218 

cover. Furthermore, a classification system was devised, categorizing the species as either desirable or 219 

undesirable, based on data obtained from secondary sources. 220 

 221 

Additionally, the vegetation cover was examined using spectral indices, wherein the temporality was 222 

defined by analyzing data on temperature and average precipitation for the year 2020 from the 223 

WorldClim historical climate data platform. Global rasters were downloaded at a spatial resolution of 224 
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30s (1 km²) and subsequently extracted from the raster to the study area. Subsequently, the average 225 

monthly data was subjected to analysis, with the objective of identifying the months with higher, 226 

lower, and medium ranges. Subsequently, the NDVI (Normalized Difference Vegetation Index) was 227 

calculated using data obtained from the Google Earth Engine platform. Images were downloaded from 228 

this platform, comprising scenes captured at different points in time, and were used to monitor changes 229 

in vegetation cover. Next, the NDVI equation NDVI=(NIR-Red) /(NIR+Red) was applied; the 230 

analysis was carried out for the monthly averages of October, April, and January of the years 2020, 231 

2019, and 2015 using: 1) Region: Draw rectangular, 2) Format: GeooTiFF (File per band), 3) Band: 232 

B1, 4) Projection: WGS 8, and Resolution: 150.  233 

 234 

After entering the Arcgis software, where the selection of colors in symbology was managed, the 235 

raster was cut to the study area with the following route: ArcToolbox> Data Management Tools 236 

>Raster > Raster processing > for all periods.  237 

 238 

2.2.3. To compare the state of conservation of the wetlands 239 

 240 

A quantitative comparison was conducted using the t-test, with consideration given to the effects of 241 

both equal and unequal variances, as well as the 95% confidence interval for the mean difference 242 

(Hurtado, 2012). The data on temperature and precipitation, ash content, organic matter, calcium, 243 

magnesium, pH, and soil temperature were compared. Additionally, the data on total suspended solids, 244 

total dissolved solids, total solids, total hardness, percent chlorides, pH, conductivity, and water 245 

temperature were also analyzed.   246 

 247 

Furthermore, the condition of the wetlands was evaluated using Parker's three-step method:    248 

 249 

Pampas de Salasaca Wetland 250 

Score (0-100) = 0.5*(35.3) +0.2*(64.7) + 0.2*(94) +0.1*(8.8) = 50.37% Breutelia tomentosa  251 

 252 

BofedalSachahuayco 253 

Score (0-100) = 0.5*(31.6) +0.2*(68.4) + 0.2*(82) +0.1*(8.9) = 46.77 % Breutelia tomentosa  254 

 255 

Where, the percentage values of desirable species were multiplied by 0.5). The forage index resulting 256 

from the sum of desirable species plus undesirable species is multiplied by 0.2. The vegetation cover 257 

resulting from the sum of desirable, undesirable, and undesirable species, plus the census values for 258 

mulch and moss is multiplied by 0.2. And the vigor index that results from the average height of an 259 

important species with respect to its height at climax; it was evaluated every 10 points of the transect 260 

and multiplied by 0.1 (Ruyle & Dyess, 2010).   261 

 262 

Score (0–100) = 0.5D% + 0.2 IF% +0.2 (CV%) + 0.1 IV% (Flórez and Malpartida, 1980)  263 

Where:  264 

D (%): Percentage of desirable species  265 

FI (%): Percentage of forage species (desirable and undesirable species)   266 

CV (%): Percentage of vegetation cover  267 

IV (%): Percentage of vigor index of key plants  268 

 269 

3. Results 270 

3.1. Characterization and description of the wetlands  271 

 272 

The study wetlands are situated in the Tungurahua province, located to the northeast of the RPFCH, on 273 

the slopes of the Carihuairazo volcano. The Sachahuayco wetland is situated within the Mocha parish, 274 

Mocha canton, Tungurahua province, encompassing an area of 25.24 hectares. The Pampas de 275 
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Salasaca wetland is situated within the parishes of Mocha, Mocha canton, as well as Tisaleo and 276 

Quinchicoto of the Tisaleo canton, in the province of Tungurahua. The total area of the site is 164 277 

hectares. 278 

 279 

In Sachahuayco, two distinct types of vegetation are present. The first is 1.8 hectares of sub-nival 280 

humid grassland of the páramo, and the second is 23.4 hectares of upper high montane humid 281 

grassland of the páramo (MAE, 2013). Furthermore, the study area is traversed by a number of minor 282 

streams, with a single, principal waterway crossing the wetland from the northwest to the south. In 283 

Salasaca, two distinct types of vegetation are present: the evergreen forest of the páramo, comprising 284 

0.5 ha, and the upper montane humid grassland of the páramo, which covers an area of 163.7 ha 285 

(MAE, 2013). Furthermore, the wetland is traversed by two principal streams, which flow from west 286 

to east.  287 

 288 

As reported by Smart (MAAE, 2020), the presence of four exotic species of cattle is affecting 289 

Sachahuayco. Furthermore, the Salasaca area is home to 32 cattle, four horses, a shift in vegetation, 290 

and the accumulation of inorganic waste products resulting from tourist activities.   291 

 292 

3.1.1. Sampling of plant components of wetlands   293 

 294 

In Salasaca, a total of 1200 individuals were recorded, grouped into 17 families, 32 species. There is a 295 

notable presence of the species Breutelia tomentosa with 312 plant species, Plantago rigida with 271 296 

plant species and in smaller numbers the species Cerastiumdanguyi with 1 plant species. The 297 

Asteraceae family with 6 plant species, reaches 9.6% which represents the highest percentage of 298 

individuals per species and the Sphaerophoracea family with one species achieves 0.001% 299 

representing the lowest percentage of individuals per species.  300 

 301 

In the Sachahuayco, a total of 1113 individuals were recorded, grouped into 19 families, 39 plant 302 

species. There is a notable presence of the species Breutelia tomentosa with 189 plant species, 303 

Gunneramagellanica with 147 plant species and in smaller numbers the species 304 

Elaphoglossumalbescens with 1 plant species. The family: Asteraceae and Poaceae with 8 plant 305 

species represents 13.5% and 9.5% of individuals per species, and the Caprifoliaceae family with one 306 

species achieves 0.001%, representing the lowest percentage of individuals per species. 307 

 308 

 309 

Figure 4Families and individuals sampled in the wetlands 310 

 311 

3.2. State of conservation of the wetlands  312 
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3.2.1. Land cover in reference to transect data   313 

The soil cover of the Salasaca presented 94% with plant species, 3% water, 2% bare soil and 1% rock.  314 

For Sachahuayco, he showed that 82% corresponds to plant species, 7% organic mulch, 5% water, 3% 315 

bare soil and 3% rock.  316 

 317 

Figure 4 Soil cover of the wetlands under study 318 

 319 

3.2.2. 3.2.2. Classification of species into desirable, low desirable and undesirable species  320 

The plant species in Salasaca in 23.5% correspond to undesirable, 41.2% low desirable and 35.3% 321 

desirable; for Sachahuayco it was determined that 23.7% correspond to undesirable, 44.7% low 322 

desirable and 351.6% desirable. 323 

 324 

Figure 5 Ground cover of the study wetlands 325 

 326 

3.2.3. Biodiversity indices   327 

The results of the biodiversity indices for Salasaca and Sachahuayco determine that, according to the 328 

Margalef index, the specific richness (number of species) was 6.77 for Salasaca and 5.66 for 329 

Sachahuayco; the Simpson index was 0.84 for Salasaca and 0.89 for Sachahuayco. Finally, and the 330 

Shannon-Wiener equity index was 2.74 for Salasaca and 3.37 for Sachahuayco.  331 

 332 
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 333 

Figure 6 Biodiversity indices 334 

 335 

3.2.4. Analysis of vegetation cover with spectral indices   336 

To determine the temporality of the analysis of the vegetation cover with spectral indices, the 337 

average monthly temperature in degrees Celsius (°C) of the year 2020 of the wetlands was 338 

calculated,Where March and April presented the highest temperature (5.2 °C in Sachahuayco and 6.6 339 

°C for Salasaca), August with the lowest temperature (3.8 °C for Sachahuayco and 4.8 °C in Salasaca) 340 

and, September and June with the average temperature (4.4 °C in Sachahuayco and 5.4 °C in 341 

Salasaca). The average annual temperature is 5.8 °C for Salasaca and 4.9 °C for Sachahuayco. 342 

 343 

Figure 7 (a) Values of the average monthly temperature and precipitation in Salasaca; (b) Average 344 

monthly temperature and precipitation values in Salasaca 345 

 346 

Likewise, the average monthly rainfall in millimeters per square meter (mm/m2) of Salasaca and 347 

Sachahuayco, for the year 2020, was calculated,where April presents the highest rainfall (111.2 mm/ 348 

m²/ month in the B.P. Salasaca and 103 mm/ m²/ month B. Sachahuayco), January with the lowest 349 

rainfall (58 mm/ m²/ month in the B.P. Salasaca and 55 mm/ m²/ month B. Sachahuayco) and 350 

October with the average rainfall (83 mm/m²/month in the B.P. Salasaca and 78 mm/m²/month B. 351 

Sachahuayco). The average annual rainfall is 75.5 mm/m²/year for BP. Salasaca and 69.7 352 

mm/m²/year for B. Sachahuayco.  353 

 354 

4.2.4.1. Calculate it from the Normalized Difference Vegetation Index (NDVI) of the Bofedales 355 

The NDVI index showed the variation in vegetation cover over time, in response to water 356 

availability; with a high reflectance in the near-infrared, making it easier to estimate. 357 
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 358 

Figure8 (a) NDVI Index of B. Sachahuayco- October 2020; (b) NDVI Index of B. Pampas- October 359 

2020 360 

 361 

 Table 1 NDVI in Salasaca and Sachahuayco 362 

 Salasaka of NDVI-BP  NDVI- B. Sachahuayco 

 
Mini

mal  

Maxim

um  

Me

dia 

Stand

ard 

deviat

ion  

Mini

mal  

Maxim

um  

Me

dia 

Stand

ard 

deviat

ion  

2020/ 

October 

0.088 0.21 0.13 0.02 0.07 0.15 0.09 0.01 

2019/ 

October 

0.033 0.735 0.29

7 

0.238 0.102 0.173 0.12

8 

0.014 

2015/ 

October 

0.011 0.182 0.03

4 

0.022 0.035 0.059 0.04

3 

0.003 

2020/ 

April 

0.061 0.429 0.12

3 

0.034 0.071 0.569 0.31

4 

0.129 

2019/ 

April 

0.045 0.265 0.11

8 

0.05 0.064 0.088 0.07

5 

0.006 

2015/ 

April 

0.034 0.799 0.43

5 

0.245 0.044 0.556 0.30

3 

0.185 



 Pedro Vicente Vaca Cárdenas/Afr.J.Bio.Sc.6(Si4)(2024)                      Page 4920 of 24                        

2020/ 

January 

0.021 0.079 0.03

2 

0.005 0.015 0.037 0.02

9 

0.004 

2019/ 

January 

0.047 0.615 0.34

1 

0.189 0.043 0.763 0.37

8 

0.246 

2015/Jan

uary 

0.025 0.116 0.05

1 

0.016 0.025 0.038 0.03

2 

0.002 

 363 

The values of the average NDVI in Salasaca presented the highest value in April 2015 (0.435) and in 364 

January 2020 the lowest value (0.32). The values of the average NDVI in Sachahuayco presented in 365 

January 2019 the highest value (0.378) and in January 2020 the lowest value (0.029).  366 

 367 

4.3. Comparison of the state of conservation of the wetlands  368 

3.2.5. Temperature in the wetlands  369 

Temperatures in the wetlands differ significantly. The value of the ambient temperature in Salasaca 370 

was 4.85±0.46 and in Sachahuayco 5.68±0.50; considered extremely low temperatures, but with the 371 

presence of plant and animal species adapted to this environment.  372 

 373 

4.3.2. Comparison of soil characteristics  374 

 375 

Table 2 Soil characteristics in the wetlands in Pampas and Salasaca.  376 

Variables   Salasaca Sachahuayco T 

Student  

Prob.  

Ash %  27.80±17.96  24.60±20.41  0,40  0,34991185  

Organic 

matter %  

72.20±17.96  75.40±20.41  0,40  0,34991185  

Calcium 

(mg)  

0,00011±0,00004  0,00009±0,00003  1,42  0,09118781  

Magnesio 

(mg)  

0,00007±0,00002  0,00005±0,00002  1,42  0,09118781  

pH  5.30±0.73  5.35±0.34  0,22  0,41558982  

Temperature  12.74±0.53  12.85±0.21  0,67  0,25816590  

 377 

The ash content of the soil in Salasaca and Sachahuayco was found to be 27.80 ± 17.96 and 24.60 ± 378 

20.41%, respectively. These values were found to be statistically insignificant (p>0.05) despite 379 

apparent differences in mineral content between the two locations.  380 

 381 

In both Sachahuayco and Salasaca, the organic matter content was recorded at 75.40 ± 20.41 and 382 

72.20 ± 17.96%, respectively. These values are statistically significant (p > 0.05). This indicates that 383 

despite the apparent high organic matter content of the soil, the lack of rainfall and temperatures that 384 

prevent demineralization result in the soil not functioning optimally. 385 

 386 

The concentration of calcium in the soil of Salasaca and Sachahuayco was found to be 1.10E-04 ± 387 

4.00E-05 and 9.00E-05 ± 5.00E-05 mg, respectively. The values in question do not differ 388 
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significantly (p > 0.05), although a slight superiority can be observed in Salasaca. Furthermore, the 389 

concentration of calcium in these regions is notably low.  390 

 391 

Additionally, the magnesium content in Salasaca and Sachahuayco was 7.00E-05 ± 2.00E-05 and 392 

5.00E-05 ± 2.00E-05 mg, respectively. The values in question do not exhibit significant differences 393 

(p >0.05), and the same is true of the absorption of these substances by plants, which is driven by the 394 

transpiration current.  395 

 396 

The soils of Sachahuayco and Salasaca are acidic, with a pH of 5.35 ± 0.34 and 5.30 ± 0.73, 397 

respectively. The data indicate no significant differences (p > 0.05) between the samples, suggesting 398 

a low calcium content. Additionally, microflora contribute to soil acidification. 399 

 400 

The soil temperature of Sachahuayco and Salasaca was 12.85 ± 0.21°C and 12.74 ± 0.53°C, 401 

respectively. These values exhibited no statistically significant difference (p > 0.05), although 402 

Sachahuayco exhibited a slight superiority.  403 

 404 

4.3.3. Comparison of water characteristics  405 

Table 3 Characteristics of water in the laboratory. 406 

Variables  B.P. Salasaca B. True  T 

Student  

Prob.  

Total 

Suspended 

Solids (TSS)  

110.92±77.43  1.65±0.98  4,90  0,00023487  

Total 

Dissolved 

Solids 

(TDS)  

0.68±0.53  66.95±155.66  1,48  0,08410868  

Total solids  1.65±0.68  68.61±156.36  1,48  0,08288504  

Total 

hardness   

1341,81±702,45  583,80±364,75  3,52  0,00238209  

% Chlorides  0.003±0.003  0.001±0.001  2,50  0,01469744  

pH  7.57±0.59  7.87±0.16  1,93  0,04022296  

Conductivity  708,33±551,05  224.17±72.04  2,90  0,00717462  

Temperature 

°C  

15.44±1.10  12.59±1.81  6,64  0,00001839  

 407 

In the laboratory setting, the total suspended solids (TSS) in Salasaca were found to be 110.92 ± 408 

77.43. The values observed differ significantly (p < 0.01) from those recorded for the water of 409 

Sachahuayco, which exhibited a total suspended solids concentration of 1.65 ± 0.98. This 410 

discrepancy may be attributed to the proximity of the B. Sachahuayco sources to the sampling site, 411 

which are relatively undisturbed, whereas the Salasaca sources are more polluted and traverse a 412 

longer trajectory, resulting in turbid waters with elevated suspended solids.  413 

 414 
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The concentration of dissolved solids in the water of Sachahuayco was 66.95 ± 155.66 mg/L (TDS). 415 

This value is statistically significant (p < 0.01) when compared to the data from Salasaca, which 416 

yielded a TDS of 0.68 ± 0.53. This indicates that the minerals in Sachahuayco are dissolved in the 417 

water, which is not the case in Salasaca. The latter is therefore more straightforward to purify.  418 

 419 

The total solids content of Sachahuayco B. and Salasaca B.P. was found to be 68.61 ± 156.36 and 420 

1.65 ± 0.68, respectively. The values in question do not differ significantly (p > 0.05), and thus, it 421 

can be observed that there is a greater number of solids present in B. Sachahuayco than in B.P. 422 

Salasaca. This discrepancy may be attributed to the various factors encountered along the water's 423 

path.  424 

 425 

In Salasaca, the water is classified as hard with an index of 1341.81 ± 702.45, which differs 426 

significantly (p < 0.01) from the waters of Sachahuayco, which are classified as moderately hard 427 

with an index of 583.80 ± 364.75. It is noteworthy that the waters of Sachahuayco are less harsh than 428 

those of Salasaca, potentially attributable to the differing quantities and types of minerals present in 429 

the two study areas.   430 

 431 

The chloride content in Salasaca was 0.003 ± 0.003, while in Sachahuayco a content of 0.001 ± 432 

0.001 was recorded, yielding a statistically significant difference (p < 0.05). The highest 433 

concentration of chloride was observed in Salasaca. This discrepancy may be attributed to disparate 434 

watershed management practices at each site.  435 

 436 

The pH of the Sachahuayco waters was 7.87 ± 0.16, a value that differs significantly (p < 0.05) from 437 

that of the Salasaca waters, which exhibited a pH of 7.57 ± 0.59.  While both pH values exhibit an 438 

alkaline tendency, Sachahuayco displays a significantly higher pH value. This particularity may 439 

permit the isolation of waters with fewer microorganisms.  440 

 441 

In Salasaca, there is evidence of a water with a higher conductivity value, 708.33 ± 551.05, which is 442 

significantly higher (p < 0.01) than the conductivity value of the water in Sachahuayco, 224.17 ± 443 

72.04. This discrepancy may be attributed to the differing mineral compositions of the waters in each 444 

region.  445 

 446 

The temperature of the water in Salasaca at the laboratory level was recorded at 15.44 ± 1.10. This 447 

value differs significantly from that of Sachahuayco, which had a temperature of 12.59 ± 1.81, 448 

indicating that the water in this area is colder.  449 

 450 

Table 4 Characteristics of water in the countryside. 451 

Variables B. Salasaca B. True 
T 

Student 
Prob. 

pH  7.79±0.20  8.31±0.37  3,92  0,00120270  

Conductivity  645.42±325.41  173.42±78.29  4,44  0,00049449  

Temperature 

°C  
12.61±1.41  11.67±3.66  0,08  0,46971136  
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 452 

The pH of the water in the Sachahuayco field was found to be 8.31 ± 0.37, which differs 453 

significantly (p < 0.01) from that of the Salasaca water, which had a pH of 7.79 ± 0.20. This 454 

indicates that the water is alkaline in both locations, with greater significance in Sachahuayco.  The 455 

alkalinity of the water is likely due to the presence of calcium in the springs, which causes the water 456 

to become alkaline. Alternatively, the water may be collecting alkaline salts along its path of travel.  457 

 458 

In the field, the water of Salasaca exhibited a conductivity of 645.42 ± 325.41, which differed 459 

significantly (p < 0.01) from the conductivity of the water of Sachahuayco, which demonstrated a 460 

value of 173.42 ± 78.29.  This discrepancy may be attributed to the presence of elevated levels of 461 

suspended solids in the water of Salasaca, in comparison to the water of B. Sachahuayco.  462 

 463 

The temperature of the water in the Salasaca field and Sachahuayco was recorded at 12.61 ± 1.41 464 

and 11.67 ± 3.66 °C, respectively. The values in question do not differ significantly (p > 0.05), 465 

although a slight superiority is observed in the Salasaca BP.  466 

 467 

4. Discussion  468 

4.1. Conservation status assessment 469 

The calculation of the biodiversity indices enabled the determination of the ecological conditions 470 

conducive to conservation. The Shannon index for B.P. Salasaca yielded a value of 2.73, while that 471 

for B. Sachahuayco was 3. 37. This indicates a high degree of equity in the composition of flora. 472 

Delgado (2018) conducted a study in the Río Blanco, Puente Ayora, Pachancho, and Portal Andino 473 

wetlands in the Chimborazo Reserve. He determined a 3.26 of equity in the composition of flora due 474 

to the environmental factors that allow for vast vegetation cover of herbaceous plant species, mainly 475 

pad.  476 

 477 

The Simpson index indicates that in Salasaca, there are 0.84 species of flora, and in Sachahuayco, 478 

there are 0.89 species of flora that dominate the plant composition. These findings are comparable to 479 

those reported by Delgado (2018), who determined that 0.94 species of flora dominate the plant 480 

composition of the Río Blanco, Puente Ayora, Pachancho, and Portal Andino wetlands in the 481 

Chimborazo Reserve.  482 

 483 

The results of the Margaret's index indicate that the average number of individuals observed in 484 

Salasaca was 6.76 per species, while in Sachahuayco it was 5.65. In his 2018 study, Delgado reports 485 

an average of 5.89 individuals per species in the Río Blanco, Puente Ayora, Pachancho, and Portal 486 

Andino wetlands within the RPFCH. These are areas that exhibit a high degree of plant diversity.  487 

 488 

Subsequently, the species were classified as desirable, undesirable, or neither. The proportion of 489 

desirable species is, on average, 35.3% in the B.P. of Salasaca and 31.6% in the B. Sachahuayco. 490 

The following species are included: The following species were identified: Alchemilla diplofila, 491 

Alchemilla pinnata, Carexequadorica, Carex sp., Castilleja cotulamexicana, Eryngium humile, 492 

Phylloscirpus acaulis, Geranium multipartitum, Agrostis breviculmis, Distichiamuscoides, Lolium 493 

multiflorum, Poa annua L, Pennisetum clandestinum, Lachimellaorbiculata, Alchemilla pinnata, 494 
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Lachemillauniflora. The following species were identified: Hypochaeris sessiliflora, Geranium 495 

sessiliflorum, Poa annua L., and Juncus stipulatus.  496 

 497 

It was determined that 41.2% of the species were undesirable in Salasaca and 44.7% in Sachahuayco, 498 

respectively. These species are of secondary importance in well-maintained wetlands, exhibiting less 499 

palatability but greater resistance to grazing. Huperziacrassa, Deyeuxiarigescens, Plantago rigida, 500 

Geranium sessiliflorum, Haleniaweddelliana, Gentinasedifolia, Cerastiumdanguyi, Lobelia 501 

oligophylla, Culcitium sp., Gynoxyssodiroi, Baccharis caespitosa, Hypochaeris sessiliflora The 502 

following species were identified: Taraxacum officinale, Elaphoglossumalbescens, Stipa ichu, 503 

Calamagrostis intermedia, Calamagrostis rigescens, Calamagrostis fibrovaginata, 504 

Lachemillahispidula, Pernettyaprostrata, and Buddleja bullata.   505 

 506 

Furthermore, the presence of undesirable species was identified in 23.5% of the Salasaca area and 507 

23.7% of the Sachahuayco area. The species in question are characterised by a hard and thorny build. 508 

The most prevalent undesirable species in the wetlands are as follows: The following species were 509 

identified as undesirable: Wernerianubigena, Azorella tridentata, Aciachneacicularis, Breutelia 510 

tomentosa, Bunodophoron, Campylopusnivali, Gunneramagellanica, Valeriana microphylla, 511 

Trifolium repens, Breutelia tomentosa, Bunodophoron, and Gunneramagellanica.  512 

 513 

These values are comparable to those obtained by Calvo (2020) in his study of three wetlands in 514 

Quilcayhuacan, Huaraz, where the desirable species exhibited percentages of 41%, 55%, and 49%. 515 

In the wetlands of Santa Ana, Huancavelica, the desirable species exhibited percentages of 29%, 516 

38%, and 40%. In the wetlands of Mazocruz, Puno, the desirable species exhibited percentages of 517 

76%, 79%, and 5%.  518 

 519 

The analysis of the coverage with the spectral indices revealed that the NDVI values in the wetlands 520 

ranged from 0.034 to 0.435 (B.P. Salasaca) and 0.029 to 0.378 (B. Sachahuayco), as documented by 521 

Pettorelli (2013) and Poveda (2006). In general, the NDVI values in wetlands range between 0 and 1, 522 

due to the normalization procedure. NDVI values below 0.001 are indicative of surfaces devoid of 523 

vegetation, including arid regions, rock formations, sand dunes, snow cover, and bodies of water.  524 

Furthermore, soils submerged in water tend to yield relatively modest NDVI values, typically within 525 

the range of 0.1 to 0.2. The presence of sparse vegetation, such as shrubs and grasslands, can result 526 

in the generation of moderate NDVI values, typically within the range of 0.2 to 0.5. A high NDVI 527 

value is indicative of dense vegetation in its maximum growth stage. Additionally, the diminished 528 

NDVI values are a consequence of the plants' water stress resulting from alterations in soil moisture 529 

content due to precipitation reduction or springflow reduction in wetlands (ALT UNDP 2001).  530 

 531 

These values are consistent with those determined by García et al. (2015) in their study of the typical 532 

characteristics of a wetland in the Upper Basin of the Chillón River in Lima, Peru, where the 533 

extreme NDVI values range from 0.43 to 0.89.   534 

 535 

Similarly, the study by Crispín (2019) of the wetlands of the Shullcas River sub-basin in Junín, Peru, 536 

determined NDVI values of -0.138 (indicating scarce vegetation), 0.3 (indicating vegetation that is 537 

not very vigorous), and 0.74 (indicating vigorous vegetation).  In this context, the P. Salasaca and 538 
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Sachahuayco wetlands are classified as non-vigorous. Further study is required to elucidate the 539 

underlying factors, such as altitude and predominant vegetation types. 540 

 541 

4.2. Comparison of conservation status   542 

The ash content of the soil in the wetlands is statistically equivalent, with a mean value of 27.80% 543 

for Salasaca and 24.60% for Sachahuayco. The organic matter content in the soils of B. 544 

Sachahuayco(75.40%) and in the BP. of Salasaca (72.20%) is notably high. The aforementioned 545 

processes are unable to function optimally due to the insufficient precipitation and temperature, 546 

which impede the requisite demineralization. Baldoceda (2020) also identified comparable values. 547 

The study revealed that the Tambo Real wetland exhibited an organic matter content of 84.96%, 548 

while Huachipampa displayed a value of 70% (Baldoceda, 2020). 549 

 550 

The calcium content in Salasaca (1.10E-04 mg) and Sachahuayco (9.00E-05 mg) exhibited no 551 

statistically significant difference, with the observed levels being exceedingly low in both areas. The 552 

magnesium content in Salasaca (7.00E-05 mg) and Sachahuayco (5.00E-05 mg) does not exhibit 553 

significant differences. This content would be absorbed by plants passively driven by the 554 

transpiration current. Baldoceda (2020) records that the soil of the Huachipampa and Tambo Real 555 

wetlands does not have a high number of salts, having values within the range of 0.00 to 0.07 dS.m-1, 556 

which is considered by Van Hoorn and Van Alphen (1994), as cited by Villafañe (2000), to be 557 

non-saline soils.   558 

 559 

The soils of Sachahuayco and Salasaca are acidic, with pH values of 5.35 and 5.30, respectively, 560 

which indicate a low calcium content. Furthermore, microflora contribute to soil acidification. The 561 

values are comparable to those observed in the Huachipampa and Tambo Real wetlands, which 562 

range from 5 to 6.9. This corresponds to a classification of moderately acidic to slightly acidic 563 

(Baldoceo, 2020). In the case of the wetlands of the Shullcas River sub-basin in Junín, Peru, a pH of 564 

4.8 has been reported (Lafuente et al., 1988).  Furthermore, a pH of 6.95 has been reported for a 565 

bofedal soil (Sotomayor, Canahua, & Vargas, 1990), with results that are comparable to those 566 

obtained in the present study (García, 2016).  567 

 568 

Furthermore, the soil temperature of B. Sachahuayco (12.85 °C) is slightly higher than that of B.P. 569 

de Salasaca (12.74 °C), yet no statistically significant differences were observed. These values are 570 

considerably lower than those observed in the Huachipampa wetlands, which recorded a temperature 571 

of 9 °C, and are also below the 11.7 °C recorded in the Tambo Real wetlands.  572 

 573 

A comparison of the water component indicates that the total suspended solids (TSS) in Salasaca 574 

(110.92 mg/L) are more polluted and may have traveled a longer trajectory, resulting in more turbid 575 

waters than those observed in Sachahuayco (1.65 mg/L).  576 

 577 

The concentration of dissolved solids in the water of Sachahuayco was 66.95 TDS, while in Salasaca 578 

it was 0.68 TDS. This indicates that the minerals in Sachahuayco are dissolved in the water, a 579 

process that does not occur in Salasaca. Consequently, Sachahuayco is more easily purified.   580 

 581 
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The total solids present in Sachahuayco and Salasaca were 68.61 TDS and 1.65 TDS, respectively. 582 

The data indicates a greater number of solids in Sachahuayco, which may be attributed to factors 583 

influencing the trajectory of the water course.   584 

 585 

The water in Salasaca is classified as hard, with an index value of 1341.81. In comparison, the water 586 

in Sachahuayco has a lower degree of hardness, with an index value of 583.8. This is attributed to 587 

the lower quantity and different types of minerals present in Sachahuayco.  588 

 589 

Conversely, the pH of the water is moderately alkaline, with an average of 7.2 for Sachahuayco and 590 

7.1 for Salasaca. The electrical conductivity values in both wetlands range from 0.02 (iS.cm_1 0.07 591 

pS.cm_1), which is below the ECA Category 4, indicating that the waters have a low salt content.  592 

 593 

The application of Parker's method enabled the assessment of wetland condition and the 594 

measurement of forage production, taking into account the suitability of the species in question. 595 

With regard to the condition of the vegetation in the context of natural grasslands, the study wetlands 596 

are in a regular state of development, with percentages of 50.4% for Salasaca and 46.8% for 597 

Sachahuayco. 598 

 599 

Comparable values were obtained by Calvo (2020) in his study of three wetlands in Quilcayhuacan, 600 

Huraz, with percentages of 62.2%, 68.8%, and 63.8%, indicating good conditions. In the case of the 601 

Santa Ana wetlands in Huancavelica, percentages of 57.9%, 59.6%, and 49.5% were recorded, 602 

indicating regular conditions. Finally, in the case of the Mazocruz wetlands in Puno, percentages of 603 

79.9%, 77.4%, and 31.4% were recorded, indicating two wetlands of good condition and one of poor 604 

condition. 605 

 606 

5. Conclusions 607 

The Sachahuayco wetland encompassed an area of 25.2 hectares and exhibited two distinct 608 

vegetative types: subnival humid grassland of the páramo (1.8 ha) and humid upper montane 609 

grassland of the páramo (23.4 ha). The average annual temperature is 4.9°C, with an average annual 610 

rainfall of 69.7 mm/m². The Pampas de Salasaca wetland, with an area of 164 hectares, exhibited 611 

two distinct types of vegetation. The site also comprises an evergreen forest of the paramo (0.5 ha) 612 

and upper montane humid grassland of the paramo (163.7 ha). The mean annual temperature is 613 

5.8 °C, with an average annual rainfall of 75.5 mm/m².  614 

 615 

A floristic inventory revealed the presence of 13 similar families, with six dissimilar families 616 

identified in Sachahuayco and Salasaca, which exhibited four distinct families. The plant species 617 

observed in Sachahuayco numbered 32, with Breutelia tomentosa being the most notable. In smaller 618 

numbers, Elaphoglossumalbescens was also identified. In Salasaca, 39 species were recorded, with 619 

Breutelia tomentosa being the most representative. Cerastiumdanguyi was also present in smaller 620 

numbers.  621 

 622 

The ground cover in Salasaca is comprised of 94% plant species, 3% water, 2% bare soil, and 1% 623 

rock. In contrast, Sachahuayco exhibits a different composition, with 82% corresponding to plant 624 

species, 7% organic mulch, 5% water, 3% bare soil, and 3% rock. In Salasaca, 35.3% of species 625 
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were considered desirable, 41.2% undesirable, and 23.5% intermediate. In Sachahuayco, 31.6% were 626 

considered desirable, 44.7% undesirable, and 23.7% intermediate.  627 

 628 

With regard to vegetation cover indices, Shannon exhibited the highest degree of flora equity, as 629 

indicated by a value of 3.37, along with the flora species that exert the greatest influence on the plant 630 

composition. With regard to the Simpson Index, the value observed for Sachahuayco was 0.89. In 631 

Salasaca, the flora species that dominate the plant composition for the Margaret index was 6.76, 632 

which identifies the number of individuals counted by each species. The Normalized Difference 633 

Vegetation Index (NDVI) indicated that the vegetation in the two wetlands was not particularly 634 

vigorous.   635 

 636 

The soil analysis for ash, organic matter, calcium (mg), magnesium (mg), pH, and temperature did 637 

not reveal any notable discrepancies between the two wetlands. Similarly, the variable water quality 638 

did not exhibit any significant differences with regard to total dissolved solids and total solids. The 639 

remaining characteristics exhibited significant differences for chloride and pH levels, as well as 640 

highly significant differences for total suspended solids, total hardness, conductivity, and 641 

temperature. Ultimately, the Parker Method indicated that the condition of the pastures was regular 642 

for both wetlands.   643 

 644 

References 645 

1. Aldunate, E.; Córdoba, J. (2011). Formulación de programas con la metodología de marco 646 

lógico. N° 68. Santiago de Chile: CEPAL - Serie Manuales, 2011. ISBN 978-92-1-054778-9, P. 647 

57.   648 

2. ALT-PNUD (2001). Evaluación de las características y distribución de los Bofedales en el 649 

ámbito Peruano del Sistema TDPS. Subcontrato 21.12. Facultad de Ciencias Biológicas 650 

Universidad Nacional del Altiplano. Puno-Perú.  651 

3. Alzérreca, H. (2001). Características y distribución de los bofedales en el ámbito boliviano. 652 

Proyecto de Conservación de la Biodiversidad en la Cuenca del Lago Titicaca – Desaguadero – 653 

Poopo – Salar de Coipasa. Universidad Nacional del Altiplano – Puno.   654 

4. Alzérreca, H., Prieto, G., Laura, J., Luna, D. y Laguna, S. (2001). Informe final: Características 655 

y distribución de los Bofedales en ámbito Boliviano. Programa de las Naciones Unidas para el 656 

Desarrollo (PNUD). La Paz, Bolivia. Julio, 2011 Disponible en: http://alt 657 

perubolivia.org/Web_Bio/PROYECTO/Docum_bolivia/21.12.pdf.  658 

5. Andrade, J. (2016). Determinación del estado de conservación de los bofedales de la Reserva 659 

de Producción de Fauna Chimborazo. Riobamba. Ecuador.   660 

6. Arango, M., Ruiz, S., Ortiz, L., Zapata, J. (2017). Indicadores de desempeño para empresas del 661 

sector logístico: Un enfoque desde el transporte de carga terrestre.  662 

a. Revista chilena de ingeniería. (Chile) 25 (4), pp. 707-720. ISSN 07183305. Disponible en: 663 

https://www.redalyc.org/pdf/772/77254022014.pdf.  664 

7. Argote, G. y Zea, R. (2011). Manual Manejo y Conservación de Bofedales. Estación 665 

Experimental AgrariaIllpa-Puno.   666 

8. Baldoceda I. (2020). Análisis de la humedad de suelo de los bofedales Huachipampa y Tambo 667 

Real, en la Reserva Paisajística Nor Yauyos Cochas.  668 



 Pedro Vicente Vaca Cárdenas/Afr.J.Bio.Sc.6(Si4)(2024)                      Page 4928 of 24                        

9. Cabrejo, C. (2017). Evaluación de metodologías para estimar la condición y tendencia de 669 

pastizales alto andinos. Tesis Ing. Zootecnista. Universidad Nacional Agraria La Molina.  670 

Lima – Perú.   671 

Calvo Gómez, V. (2016). Marco conceptual y metodológico para estimar el estado de salud de 672 

bofedales de alta montaña.  673 

Camacho, C. (2019). Diseño de una herramienta para la formulación de proyectos con enfoque 674 

de marco lógico, integrada con el ítem 8. 3 de la norma ISO 9001: 2015.  675 

a. Diseño de desarrollo de los productos y servicios. (Trabajo de titulación).  676 

b. (Maestría) Universitat Politècnica de València, Valencia, España. 2019. p. 71. Disponible en: 677 

https://riunet.upv.es/handle/10251/115911.   678 

Caro, L. (2016). La Metodología De Marco Lógico Aspecto Indispensable en la Identificación 679 

de Proyectos Agropecuarios (CASO PRÁCTICO) (Trabajo de titulación). (Grado) Universidad 680 

Pedagógica y Tecnológica de Colombia, Duitama, Colombia. 2016. p.37. Disponible en: 681 

http://repositorio.uptc.edu.co/handle/001/2036.   682 

Carvajal, J.; Carmona, C. (2016). "Gestión integral de residuos de construcción y demolición en 683 

Colombia: una aproximación basada en la metodología del marco lógico". Producción + Limpia, 684 

2016, (Colombia) 11 (1), pp. 117-128. ISSN 23230703. Disponible en: 685 

http://www.scielo.org.co/scielo.php?pid=S190904552016000100012&script=sci_abstract&tlng 686 

=en.   687 

Chamorro, A et al. (2021). Manual de buenas prácticas en manejo y restauración de bofedales 688 

en Junín, Perú  689 

Chapin III, SF., Matson, PA. y Mooney, HA. (2002). Principles of terrestrial ecosystem ecology. 690 

Springer - Verlag. New York, US. 398 pp.   691 

Chuvieco, E. (2020). Fundamentals of satellite remote sensing: An environmental approach. 692 

CRC press.  693 

CÓDIGO ORGÁNICO DE ORGANIZACIÓN TERRITORIAL, AUTONOMÍA Y 694 

DESCENTRALIZACIÓN. (2010). (COOTAD). Registro Oficial Suplemento 303 de 695 

19-oct.-2010 [en línea], Quito, Ecuador. 2020. pp. 1-243. [Consulta: 23 mayo 2021]. Disponible 696 

en: https://www.derechoecuador.com/codigo-organico-deorganizacion-territorial-cootad.   697 

Constitución de la República del Ecuador. (2018). Registro Oficial 449 de 20-oct.-2008. Última 698 

modificación: 01-ago. -2018. LEXISFINDER [enlínea], Quito, Ecuador.  699 

c. 2008. pp. 1-222. [Consulta: abril diciembre 2020]. Disponible en:  700 

http://www.ambiente.gob.ec/wpcontent/uploads/downloads/2018/09/Constitucion-de-la-Republi 701 

ca-delEcuador.pdf.   702 

Contreras R. (2007). Uso de vegas y bofedales de la zona cordillerana y precordillerana de la 703 

Región de Atacama. Memoria para optar al títuloProfesional de IngenieroForestal.  704 

Crispin Perez, A. (2019). Evaluación espacio-temporal de la diversidad florística, productividad 705 

primaria y soportabilidad al pastoreo de bofedales en la subcuenca del rio Shullcas.  706 

Delgado, A. (2018). Análisis comparativo de la biodiversidad de los bofedales de la Reserva de 707 

Producción de Fauna Chimborazo en función a la altitud y el nivel de intervención antrópica 708 

(Bachelor's thesis, Escuela Superior Politécnica de Chimborazo).  709 

Environmental Systems Research Institute. (2019). Software Arcgis 10.7.1. Arcgis 10.7. España. 710 

Disponible en http://www.esri.com/  711 



 Pedro Vicente Vaca Cárdenas/Afr.J.Bio.Sc.6(Si4)(2024)                      Page 4929 of 24                        

Flores, D. (2002). Tesis Maestría Profesional en “Identificación y análisis de cambios en 712 

bofedales de la cordillera occidental y del altiplano de Bolivia.   713 

Flores, E. (1991). Manejo y utilización de pastizales. En: Avances y perspectivas del 714 

conocimiento de los camélidos sudamericanos. FAO. Santiago, Chile. 429p.   715 

Flores, E. (1992). Manejo y Evaluación de Pastizales. Proyecto TTA. Lima, Perú. pp. 7 – 13.   716 

Flores, E. (1996). Asignación del curso de utilización de pastizales en la producción animal.   717 

Flores, E. (1999). Tambos alpaqueros y pastizales II: Mejoramiento de praderas naturales. 718 

Proyecto especial tambos alpaqueros. Boletín técnico LUP N°12, Lima, Perú.  719 

Florez, A., Malpartida, E. y San Martin, F. (1992). “Manual de Forraje para Zonas Andinas 720 

Áridas y Semiáridas. Universidad de California- Instituto de Investigación Agropecuaria y 721 

Agroindustrial (INIAA). 281 p.    722 

Florez, Arturo. (2005). Manual de pastos y forrajes altoandinos.  Lima: ITDG AL, OIKOS.  723 

Garcia, J. L., Willems, B. L., & Espinoza, R. (2016). Mapeo de Bofedales en Cabeceras de 724 

Cuenca Mediante Imágenes de los Satélites Landsat. Revista de Glaciares y Ecosistemas de 725 

Montaña, (1), 17-17.  726 

Gastó, J. (1993). Clasificación de Ecorregiones y Determinación de Sitio y Condición.Red de 727 

PastizalesAndinos (REPAAN). CIID-Canadá. Chile. 254p.    728 

Gil, J. (2011). Bofedal: Humedal Alto Andino de importancia para el desarrollo de la región 729 

Cusco. 10p.   730 

Gonzáles, M; Díaz, M. (2018). El uso del enfoque del marco lógico en la evaluación de políticas 731 

públicas. VI Encuentro Latinoamericano de Metodología de las Ciencias Sociales (ELMeCS) 732 

Innovación y creatividad en la investigación social (Ecuador, 7 al 9 de noviembre de 2018). 733 

Cuenca-Ecuador: s.n., pp. 18. Disponible en: http://sedici.unlp.edu.ar/handle/10915/108708.   734 

Hernandez, J. (2009). Patrones de respuesta espectral. En J. &. Hernandez, Patrones de 735 

respuesta espectral. Chile: Facultad de CienciasForestales. pp. 7-12  736 

Huancas De La Cruz, W. (2019). Propuesta de un programa de comprensión lectora riesgos de 737 

gestión de desastres prospectivos y la matriz de marco lógico de un proyecto de inversión 738 

pública (Trabajo de titulacción). (Maestría) Universidad Nacional “Pedro Ruiz Gallo”, 739 

Lambayeque, Perú. 2019. pp. 40-41. [Consulta: 2021-01-10]. Disponible en: 740 

https://hdl.handle.net/20.500.12893/6082.   741 

Huerta, L. (2001). Formulación de Herramientas de Gestión Integral para el manejo sostenible 742 

de las Praderas Altoandinas: Estudio de Caso en la Cabecera de Microcuenca Quitaracza – 743 

Cuenca Santa, Sihuas –Ancash. Tesis de Ingeniero Zootecnista. Universidad Nacional Agraria 744 

La Molina. Pp. 15 - 47.   745 

Hurtado, M. (2016). Reactores capilares para Foto-Síntesis artificial. Universidad Autónoma 746 

de México.  747 

Hurtado, M., Silvente, V. (2012). Cómo aplicar las pruebas paramétricas bivariadas t de Student 748 

y ANOVA en SPSS. Caso práctico. Reire, 5 (2), 83-100.  749 

Keith, D. (2014). Proyecto para la evaluación de la lista roja de ecosistemas. 3. Australia.  750 

Keith, D., Rodríguez, J., Katrym, R., Emily, N., Alonso, A., Aapala, K., y Marianne, A. (2013). 751 

Fundamentos científicos de una lista roja de ecosistemas de UICN. Sitio web de PLOS ONE: 752 

www.plosone.org.  753 



 Pedro Vicente Vaca Cárdenas/Afr.J.Bio.Sc.6(Si4)(2024)                      Page 4930 of 24                        

Lara, R. (1982). Interpretación, Caracterización y Descripción de la Vegetación del 754 

Departamento de la Paz. Programa del Satélite Tecnológico de Recursos Naturales 755 

“Erst-Bolivia”. La paz-Bolivia.    756 

Leonberger, G. (2002). Revelando el pequeño rango de frecuencias de radiomicroondas. 757 

Educaciónfísica, 37 (5), 425.  758 

Lino Leyva, K. K. (2020). Evaluación de la condición de dos bofedales en el sector de Piticocha, 759 

dentro de la Reserva Paisajística Nor Yauyos.  760 

López, S., Gozales, F., Llop, R., Cuevas, J. (1991). An evaluation of the utility of NOAA AVHRR 761 

images for monitoring forest the risk in Spain. International Joumal of remote Sensing 12: 762 

1841- 1851   763 

Lozano, P., Carrasco, C., Romero, F., McLaren, B., Paula, P., Guapi, A., Cajas C. Orna, L. et al.  764 

(2016). Informe del componente 1: Determinación del estado de conservación del ecosistema 765 

bofedal en la Reserva de Producción de Fauna Chimborazo. Proyecto de Investigación SIV 25: 766 

Evaluación de los Servicios Ecosistémicos de la Reserva De Producción de Fauna Chimborazo. 767 

Riobamba. Ecuador.  768 

MAAE. (2017). Código Orgánico del Ambiente. Registro Oficial Suplemento N° 983 de 12 de 769 

abril de 2017. Disponible en 770 

http://www.ambiente.gob.ec/wpcontent/uploads/downloads/2018/01/CODIGO_ORGANICO_A 771 

MBIENTE.pdf  772 

MacArthur, R.y Wilson, O. (1963). An equilibrium theory of insular zoogeography. Evolution 773 

17: 373-387.  774 

MAE. (2006). Plan gerencial para Reserva de Producción de Fauna Chimborazo 20062008. 775 

Ministerio del Ambiente. Quito.  776 

MAE. (2013). Sistema de Clasificación de los Ecosistemas del Ecuador Continental. Ministerio 777 

del Ambiente del Ecuador. Quito.   778 

MAE. (2019). Borrador del Plan Manejo de la Reserva de Producción de Fauna Chimborazo. 779 

Ministerio del Ambiente. Direcciónnacional de Biodiversidad, Riobamba, 2019.  780 

Monroy, G. (2018). Propuesta para la implementación de la matriz del marco lógico en la 781 

planificación, administración y ejecución de proyectos de construcción (Trabajo  782 

d. de titulación). (Doctoral) Universidad de San Carlos de Guatemala, Guatemala. 2018. pp. 31-55. 783 

Disponible en: http://biblioteca.ingenieria.usac.edu.gt/. 784 

Ocaña, J. (2016). Análisis situacional del bofedal de origen glaciar en la quebrada de Santa 785 

Cruz, una mirada desde el INAIGEM Huaraz 2016. Universidad Cesar Vallejo. Perú  786 

Ortegón, E; et al. (2015). Metodología del marco lógico para la planificación, el seguimiento y 787 

la evaluación de proyectos y programas [en línea]. Santiago de Chile-Chile: CEPAL, 2015.  788 

ISBN 92-1-322719-1, pp. 17-75.  789 

Palmer, M. (2007). Species-area curves and the geometry of nature. Pp: 15-31. En: Storch, D., P. 790 

Marquet y J. Brown (eds.) Scaling biodiversity, Published by Cambridge University Press, 791 

Cambridge.  792 

Parker, K. (1954). Application of Ecology in the Determination in Range Condition and Trend. 793 

Journal of Range Management. 7, 14 – 23.   794 

Pellant, M., Pyke, DA., Shaver, PL. y Herrick JE. (2005). Interpreting indicators of rangeland 795 

health, version 4. Technical Reference 1734 - 6. U.S. Department of the Interior, Bureau of 796 

Land Management, National Science and Technology Center. Denver, Co, US. 122 pp  797 



 Pedro Vicente Vaca Cárdenas/Afr.J.Bio.Sc.6(Si4)(2024)                      Page 4931 of 24                        

Pellant, M., Shaver, P., Pyke, D. y Herrick, F. (2000). Interpreting Indicators of Rangeland 798 

Health. Technical Reference 1734–6. 111 pp.   799 

Perilla, G., Mas, J. (2020). Google Earth Engine (GEE): una poderosa herramienta que vincula 800 

el potencial de los datos masivos y la eficacia del procesamiento en la nube. 801 

Investigacionesgeográficas, (101).  802 

Pettorelli, N. (2013). The normalized difference vegetation index. Oxford University Press. 803 

Podwojewski P., Poulenard J. (2000). Los Suelos de los páramos del Ecuador. En Los Suelos 804 

del Páramo. Eds Mena P., Josse C., Medina G. Serie Páramo 5. GTP/ AbyaYala. Quito.   805 

Podwojewski P., Poulenard J., Zambrana T., Hofstede R. (2002). Overgrazing effects on 806 

vegetation cover and properties of volcanic ash soil in the páramo of Llangahua and La 807 

Esperanza (Tungurahua, Ecuador). Soil Use and Management 18, 45-55.   808 

Poulenard J., Podwojewski P., Janeau J., Collinet J. (2001). Runoff and soil erosion under 809 

rainfall simulation of Andisols from the Ecuadorian Páramo: effect of tillage and burning. 810 

Catena 45, 185-207.   811 

Poulenard J., Podwojewski P., Janeau J., Collinet J. (2001). Runoff and soil erosion under 812 

rainfall simulation of Andisols from the Ecuadorian Páramo: effect of tillage and burning. 813 

Catena 45, 185-207.   814 

Prince, J. (2007). Foreword. En: “Negotiating For Nature’s Services: A Primer for Sellers of 815 

Ecosystem Services on Identifying & Approaching Prospective Private Sector Buyers”. The 816 

Katoomba Group. Washington DC, E.U. Pp 1.   817 

Printz, JL., Toledo, D. y Boltz, SC. (2014). Rangeland health assessment: The key to 818 

understanding and assessing rangeland soil health in the Northern Great Plains. Journal of Soil 819 

and Water Conservation. 69(3): 73 -77  820 

Pyke, D., Herrick, F., Shaver, P. y Pellant, M. (2002). Rangeland Health Attributes and 821 

Indicators for Qualitative Assessment. Journal Range Management. 55, 584-597.   822 

Pyke, DA. y Knick, ST. (2005). Plant invaders, global change and landscape restoration. 823 

African Journal of Range y Forage Science. 22(2): 75-83.  824 

Quenta, E. (2013). Estructuración espacial de metacomunidades de cladócera en los humedales 825 

altoandinos de la Cordillera Real. Tesis de maestría en ecología y conservación, Universidad 826 

Mayor de San Andrés, La Paz. 42 p.  827 

Quisbert Parra, J. (2019). Análisis multitemporal del retroceso glaciar del nevado Mururata de 828 

la Cordillera Real de los Andes periodo (1988-2018) (Doctoral dissertation).  829 

Ramsay P.M. (1992). The páramo vegetation of Ecuador: The community ecology, dynamics 830 

and productivity of tropical grasslands in the Andes. University of Wales.   831 

Regional Yanaurco (2018). Junta de Agua Potable y Alcantarillado Yanaurco (JAAPARY). 832 

Páramos. Sitio Web de Regional Yanaurco. Obtenido 01 enero de 2020, desde: 833 

http://jaapary.com/personal.html  834 

Rivera, Isac. (2000). Proyecto “Conservación de Praderas Naturales de las Zonas Altoandinas 835 

de la Subcuenca del Río Shullcas”. Informe de: Evaluación de Praderas. Perú  836 

Rivera, J. (2014). Manual técnico 2. Manejo de pastos naturales alto andinos. Perú: Programa 837 

de Adaptación al Cambio Climático (PACC). Disponible en: 838 

http://www.paccperu.org.pe/publicaciones/pdf/147.pdf  839 



 Pedro Vicente Vaca Cárdenas/Afr.J.Bio.Sc.6(Si4)(2024)                      Page 4932 of 24                        

Romero, J., Lozano, P., Carrasco, J., Paula, P., Cajas, C., Caranqui, J., Esparza, D. (2017). 840 

Valoración económica del Carbono almacenado en el ecosistema bofedal en la Reserva de 841 

Producción de Fauna Chimborazo.Riobamba - Ecuador  842 

Sandoval, A. (2012). Evaluación de la composición florística del Parque Nacional Sajama, con 843 

énfasis en los bofedales.  844 

Sklenář P., Balslev H. (2007). Geographic flora elements in the Ecuadorian superpáramo. Flora 845 

202, 50-61.   846 

Sklenář P., Lægaard S. (2003). Rain-Shadow in the High Andes of Ecuador Evidenced by 847 

Páramo Vegetation. Arctic, Antarctic, and Alpine Research 35, 8-17.   848 

Sklenar, P. y P. M. Jørgensen. (1999). Distribution patterns of páramo plants in Ecuador. 849 

Journal of Biogeography 26: 681-691.  850 

Sotil, J. y Flores, E. (2014). Lineamientos para el desarrollo de proyectos de inversión pública 851 

en recuperación de bofedales. Informe Técnico del Proyecto de Recuperación de Bofedales. 852 

Convenio Laboratorio de Ecología y Utilización de Pastizales y el Ministerio del Ambiente.    853 

Sotomayor, M., Canahua, F., Vargas, B. (1990). Mejoramiento de bofedales en puna seca. 854 

Proyecto Alpaca. Informe técnico N°. 34, serie de pastos. Puno – Perú.   855 

Squeo, F., Warner, B., Aravena, R. y Espinoza, D. (2006). Bofedales: high altitude peatlands of 856 

the central Andes. Disponible en http://repositorio.uchile.cl/handle/2250/119990 857 

Tapia, M. y Flores, J. (1984). Pastoreo y Pastizales de los Andes del Sur del Perú. Programa 858 

Colaborativo de Apoyo a la investigación en Rumiantes Menores. INIPALima, Perú. 321 p.   859 

Vargas, G. (1992). Estructura dinámica estacional de la vegetación en bofedal, tolar y pajonal 860 

"Iru Ichu" en el ecosistema de Puna seca. Tesis de Ingeniero Zootecnista. Universidad Nacional 861 

Agraria La Molina. Lima-Perú.    862 

Villagrán, C y Castro, V. (1997) Etnobotánica y manejo ganadero de las vegas, bofedales y 863 

quebradas en el Loa superior, Andes de Antofagasta, Segunda Región, Chile. Chungará (Chile) 864 

29: 275-304.  865 

 866 

http://repositorio.uchile.cl/handle/2250/119990



