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ABSTRACT

This study set out to calculate the Hydrological Protection In-
dex (IPH) based on the vegetation that already existed in the
Membirillo micro-basin in Manabi, Ecuador. Two phases were
proposed, including the identification of the type of vegeta-
tion cover and the determination of the HPI based on seven
criteria studied in relation to the local vegetation. The propo-
sed methodology is of a quantitative type, and techniques
like observation, bibliographic compilation, and the checklist
were applied, allowing the establishment of 28 radiated sam-
pling points to cover the entire extension of the micro-ba-
sin. The IPH of each monitoring site was thus determined,
allowing the calculation of the Partial Protection Hydrological
Index (IHPP), which is in the middle of the classification and
favors the preservation of the ecological unit's soil, at 0.68. In
conclusion, the Membrillo micro-basin is a region with mode-
rate value and is good for conservation.

Keywords: micro-watershed, vegetation, hydrological pro-
tection index

RESUMEN

El objetivo de esta investigacion fue determinar el indice de
Proteccion Hidrolégico (IPH) en funcion de la vegetacion
existente en la microcuenca Membrillo, Manabi (Ecuador). La
metodologia planteada es de tipo cuantitativa y se aplicaron
técnicas como la observacién, la recopilacién bibliogréfica y
la lista de chequeo, que permitieron establecer 28 puntos de
muestreo radiados para cubrir toda la extensién de la micro-
cuenca; se plantearon dos fases que incluyen la identificacion
del tipo de cobertura vegetal y la determinacién del IPH en
funcién de siete criterios estudiados segln la vegetacion de
la zona. Como resultado, se obtuvo el IPH de cada punto de
monitoreo, lo cual permitié obtener un indice Hidrolégico de
Proteccion Parcial (IHPP) de 0,68, que se encuentra de la cla-
sificaciéon media y favorece la proteccién del suelo de la uni-
dad ecolégica. En sintesis, la microcuenca Membrillo es una
zona de importancia media y con aptitud de conservacion.

Palabras clave: microcuenca, vegetacion, indice de protec-
cion hidrolégica
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INTRODUCTION

The very foundation of life on Earth rests on the stability,
productivity, and relative health of freshwater ecosystems.
Unfortunately, they stand for some of the world's most ex-
ploited, undefended, and threatened systems (Krasovska-
ya, 2022). The water resource is also thought to be crucial
for human survival and growth; it is also crucial for the pre-
servation of the environment and the development of the
ecological ecosystem, both of which ensure social well-be-
ing by ensuring the availability of goods and services. For
socioeconomic growth and the sustainability of ecological
ecosystems, the conservation of water resources is seen in
this light (Makanda et al., 2022; De Vries et al., 2019).

Although freshwater ecosystems have high levels of head-
water-to-mouth connectivity and are surrounded by lands-
cape processes, safeguarding such resources is difficult sin-
ce any damage or deterioration in one location will spread
to the remainder of the system (Krasovskaya, 2022). As a
result, the need for management strategies that strike a
balance between the protection of water resources and
their sustainable use is justified (Ibrahim et al., 2017). It has
been argued that such strategies should take into account
micro-watersheds as logical and natural units for managing
water resources. These micro-watersheds are home to a va-
riety of living forms and offer a range of ecological services,
such as flood management, habitat for biodiversity, mitiga-
tion and adaptation to climate change, as well as social and
cultural aspects (Khan et al., 2022).

Still, forests and moors serve as collectors and regulators
of water flow and prevent soil erosion that affects water
quality. Deforestation and burning of plant remains to ex-
pand agriculture, as well as the use of agrochemicals, in-
terrupt the basin's capacity to provide its services (Kauff-
man, 2014). The destruction of hydrographic basins is one
of the problems, and in Ecuador, it is the expansion of the
agricultural frontier.

The Hydrological Protection Index (IPH), one of the tools
used to manage hydrographic basins, enables us to com-
prehend how vegetation affects soil and water resources
(Arellano & Ruiz, 2018). Romero & Ferreira (2010) empha-
size that this is a factor that determines the degree of
the soil's resistance to the effects of rainfall and enables
a thorough investigation of the vegetation. With the afo-
rementioned justifications, this study sought to calculate
the HPI using the flora already present in the Membrillo
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micro-basin in Manabi (Ecuador).
METHODOLOGY
Study area

The Membrillo micro-basin, which has a surface size of
116.69 km2, lies in the Bolvar canton of the province of
Manab. According to the Holdrigde classification, the bio-
climatic map of Ecuador shows that this region has tropi-
cal climate characteristics and is a part of an ecological
region with tropical dry forests. The movement of the in-
tertropical convergence zone and changes in the Pacific
Ocean have an important effect on this region (Aveiga et
al,, 2023).

In terms of the approaches employed, we began with a
quantitative strategy that permitted the numerical pro-
cessing of the gathered data. In addition, the checklist,
bibliographic compiling, and observation are employed
approaches. With the aforementioned, the following steps
were taken:

Recognition of the vegetation cover type

The sampling stations' physical attributes were specified
and they were georeferenced using the GPS. Additionally,
official sources such the National Information System and
the Military Geographic Institute of Ecuador were consul-
ted for satellite data from the region. With the use of this
knowledge, the plant units of the micro-watershed were
identified, and the plant cover was defined based on their
functions. This allowed the development of 28 sample lo-
cations, which essentially cover the whole surface of the
micro-watershed.

RESULTS AND DISCUSSION

It was determined from the land coverage and use map
created by the Ministries of Agriculture, Livestock, Aqua-
culture and Fisheries, the Environment, and the National
Secretariat for Planning and Development that the Mem-
brillo micro-basin's surface is made up of the following:
37% (5653.91 ha) are of the type 50% fruit - 50% cultiva-
ted grass, 36% (5510.38 ha) corresponds to 70% tropical
arboriculture - 30% cultivated grass, 20% (3065.44 ha) are
tropical arbor (figure 3).
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Figure 1 Map of the research area.
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Figure 2. Criteria for determining the HPI.
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Table 1. Assessment of HPI indicators.

Criterion Indicator Score
1 -2 Strata 1.0
1 -3 Strata 2.0
Structure 3 or more strata: arboreal,
shrubby, herbaceous 3.0
and epiphytic
Low 1.0
Density Medium 2.0
High 3.0
Precipitation Low 1.0
intercept Medium 2.0
High 3.0
Presence of v L(cj)_w ;8
Ich (leaf litter) edium :
mulch (leaf litter. High 30
) Dry zone 1.0
Special Crops 2.0
ecosystems High altitude recognized
with hydrological importance 3.0
Temporal 1.0
Type of
vegetation Annual 20
Perennial 3.0
Low 1.0
Degree of .
intervention Medium 20
High 3.0

Figure 3. Distribution of vegetation cover in the Mem-
brillo micro-basin.
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According to the facts previously mentioned, the Mem-
brillo micro-basin has a noteworthy commitment of land
to productive uses, particularly cattle and agriculture. Ac-
cording to Guarderas et al. (2022), deforestation and agri-
cultural intensification are the two main transitions in the
Ecuadorian territory, and as predicted, the stability of nati-
ve forests is deteriorating over time. Heredia et al. (2021)
discovered that there have been changes in the dynamics
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of land use and cover in the Yasun Reserve between 2009
and 2018, with an increase in deforestation and an expan-
sion of various traditional systems of production.

Based on the physical characteristics of the different plant
species, there was a predominance of the herbaceo (58%),
followed by the epiftico (13%), and arbustivo (11%), while the
escandente and muscinal estratos both reached 9% (figure
4). According to Suérez et al. (2013)'s criteria, during dry sea-
sons, water infiltration rates differ significantly depending on
the type of vegetation or soil cover. The bosque, which has a
mean infiltration rate of 56 cm/min, experiences the highest
rates, while the matorral, pastizal, and pinar categories expe-
rience higher rates (between 3 and 8 times), respectively.

Figure 4. Land cover according to the identified strata.
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From an alternate perspective, 978 tree individuals were
found in the study area with a heterogeneous distribution,
where point 28 (natural forest) stands out with 71 indivi-
duals and points 17 and 16 with 65 and 58, respectively;
the others maintain a number of less than 50 individuals,
as shown in figure 4. It should be emphasized that the
number of trees per monitoring point shows an incidence
thatis inversely related to the growth of productive activi-
ties. The annual rate of deforestation in Ecuador between
1990 and 2018 was 1.12%; in addition, the reticular frag-
mentation index increased by 11.61% as a result of the
tendency for small forest fragments to disappear while lar-
ge fragments to split into smaller ones (Rivas et al. 2021).

The quantity of individuals has a direct impact on the absolu-
te density. In the points with greater populations, as seen in
figure 5, the absolute density is higher. The maximum values
of this parameter are shown by points 28, 17, and 16, in this
sense. It should be highlighted that since point 28 relatesto a
natural forest, this type of ecosystem regulates atmospheric
moisture flows through evapotranspiration, which is also a
crucial component of the water cycle (Blanco, 2017).
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Figure 5. Number of individuals and absolute density
per monitoring point.
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Based on records from the closest weather station (M1230
ESPAM "MFL," Calceta), the results of the interception of
precipitation, given in mm, were calculated on the Horton
approach and the data used correspond to 8.8 mm (uly
2020). Figure 6 shows that tropical arboriculture inter-
cepts the greatest amount of rainfall (52.47 mm), followed
by strata. 70% tropical arboriculture - 30% cultivated grass
(33.50 mm) yielded 21, 17 mm for tropical arboriculture,
7.32 mm for 70% cultivated grass - 30% fruit trees, and
5.50 mm for the natural forest. Rainfall in vegetated areas
is initially absorbed and briefly stored in organic materials
such leaves, branches, stems, lichens, or the forest floor. A
large portion of this material is then recycled back into the
atmosphere, reducing the intensity of the rainfall. Rainfall
distributes the surface water that is currently available and
gives the atmospheric water cycle quick moisture feed-
backs (Lian et al., 2022).

Figure 6. Interception of precipitation by stratum.

Alcivar et al.

of the 28 monitoring points (figure 7). According to data
at the national level, the agricultural sector, particularly
when using basic technologies, fully utilizes production
factors including labor, land, and capital.

Figure 7. Ecosystems found in the study area.
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In 13 transects, the vegetation is perennial, 13 have year-
ly plantations, and 2 maintain temporary vegetation. This
is because the kind of vegetation was decided based on
the time of life (figure 8). From a national perspective, the
literature suggests that Ecuador has 24 bioclimatic forma-
tions or vegetation systems and high biodiversity, which
are suitable for developing different agricultural activities
that allow obtaining products in accordance with market
demands. As a result, if its territory, perennial crops are
located in 11.83% of Ecuadorian soils, 29.8% have moun-
tains and forests, 29% are cultivated pastures, while natu-
ral pastures represent 12.84%, moors the 4.59%, and the
remaining 1% is covered by wetlands.

Figure 8. Type of vegetation in the study area.
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Only 2 of the 28 monitoring points relate to high-altitude
ecosystems regarded as having hydrological importance,
and the sum of the ecosystem qualification reflects the
prevalence of planted ecosystems, which make up 14

Table 2 provides quantitative information for each of the cri-
teria, with 14 of the 28 transects showing a medium degree
of intervention (2), 12 transects showing high levels of inter-
vention (1), and only 2 transects (points 27 and 28) showing
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low levels of intervention (3). All of this is a part of the natio-  minated as a result of a decline in the density of rare forest
nal reality; up until 2014, continuous fragmentation predo-  species on the Coast and the Andes (Noh et al., 2022).

Table 2. Quantification of the HPI indicators.

Criterion
N° Vegetation cover Structure Density Precipitation Presence of mulch  Special Type of Degree of
intercept (leaf litter) ecosystems vegetation intervention
1 50% fruit trees / 50%
. 3 1 3 2 2 3 1
cultivated grass
2 50% fruit trees / 50%
. 3 2 3 2 2 3 2
cultivated grass
3 50% fruit trees / 50%
rl.JI e 2 2 3 3 2 2 2
cultivated grass
4 50% fruit trees / 50%
. 1 2 3 3 1 2 1
cultivated grass
5 50% fruit trees / 50%
. 2 2 3 3 1 2 1
cultivated grass
6 50% fruit trees / 50%
rl.JI e 3 2 3 2 2 2 2
cultivated grass
7 50% fruit trees / 50%
. 3 1 3 2 2 2 1
cultivated grass
8 50% fruit trees / 50%
rl.JI e 3 1 3 3 2 2 2
cultivated grass
9 50% fruit trees / 50%
rl.JI e 3 1 3 1 1 3 1
cultivated grass
10 50%fruittrees/ 50%
rl.JI e 2 2 3 1 2 3 1
cultivated grass
11 70% tropical arboriculture /
30% cultivated grass 3 ! 2 2 ! 2 2
12 70% tropical arboriculture /
30% cultivated grass 3 ! 3 3 ! 3 !
13 70% tropical arboriculture /
30% cultivated grass 2 2 3 2 2 3 !
14 70% tropical arboriculture /
30% cultivated grass 3 ! 2 3 2 3 2
15 70% tropical arboriculture /
ropica .ar oriculture ) ) ’ 2 1 1 5
30% cultivated grass
16 70% tropical arboriculture /
2
30% cultivated grass 3 2 3 3 ! 3
17 70% tropical arboriculture /
2
30% cultivated grass 3 2 3 2 2 2
18 70% tropical arboriculture /
2
30% cultivated grass 3 2 3 2 ! 2
19 70% tropical arboriculture /
2
30% cultivated grass 3 2 2 ! ! 3
20  70%cultivated grass /
30% fruit trees 3 3 3 3 2 2 !
21 70%cultivated grass /
30% fruit trees 3 2 2 2 2 2 !
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22 Tropical arboriculture 3 2 1
23 Tropical arboriculture 3 2 3
24 Tropical arboriculture 3 2 3
25  Tropical arboriculture 3 2 3
26  Tropical arboriculture 3 2 2
27 Natural forest 3 3 2
28 Natural forest 3 3 2

N NN NN NN
W WIN = =2 2N
W Wlw w NN =
W W= = N NN

Table 3 displays the calculation of this index per unit of ve-
getation (IPH UV), as well as the IPH calculation for each
transect. The maximum IPH and IPH UV were, as anticipa-
ted, attained in the two transects that are natural forests
(1). The coverage of 70% cultivated grass / 30% fruit trees
ranks second with 0.74 70%, while the lowest value was
for tropical arboriculture / 30% cultivated grass with 0.59.
Lucas (2019) discovered that the HPI of the Carrizal river
sub-basin is regular (0.59) in a larger context, but within the
same region, underlining the necessity to implement medi-
cal mitigating measures. In addition to providing resistance
to unfavorable weather events like droughts and floods, tro-
pical arboriculture with grown grass helps filter water from
rainfall and gradually stores it in aquifers, according to Osca-
noa & Flores (2019). According to Aguirre et al. (2018), plant
cover and water quality are closely related.

Table 3. HPl and HPI VU.

Point Tpe of vegetation cover Total HPI HPIUV
1 50% fruit trees / 50% cultivated grass 15 075 0,69
2 50% fruit trees / 50% cultivated grass 17 0,74

3 50% fruit trees / 50% cultivated grass 16 0,74

4 50% fruit trees / 50% cultivated grass 13 0,65

5 50% fruit trees / 50% cultivated grass 14 0,64

6 50% fruit trees / 50% cultivated grass 16 0,74

7 50% fruit trees / 50% cultivated grass 14 0,64

8 50% fruit trees / 50% cultivated grass 16 0,74

9 50% fruit trees / 50% cultivated grass 13 0,65

10 50% fruit trees / 50% cultivated grass 14 0,64

11 70% tropical arboriculture / 30% cultivated grass 13 0,54 0,59
12 70% tropical arboriculture / 30% cultivated grass 15 0,53
13 70% tropical arboriculture / 30% cultivated grass 15 0,53
14 70% tropical arboriculture / 30% cultivated grass 16 0,74
15 70% tropical arboriculture / 30% cultivated grass 11 0,44
16 70% tropical arboriculture / 30% cultivated grass 17 0,74
17  70% tropical arboriculture / 30% cultivated grass 16 0,74
18  70% tropical arboriculture / 30% cultivated grass 15 0,53
19 70% tropical arboriculture / 30% cultivated grass 14 0,54

20 70% cultivated grass / 30% fruit trees 17 085 0,74
21 70% cultivated grass / 30% fruit trees 14 0,64

22 Tropical arboriculture 13 065 0,73
23 Tropical arboriculture 15 0,75

24 Tropical arboriculture 15 0,75

25 Tropical arboriculture 15 0,75

26 Tropical arboriculture 15 0,75

27 Natural forest 19 1 1
28 Natural forest 19 1

The Hydrological Index of Partial Protection (HIPP) of the
Membrillo micro-watershed was calculated using these
findings, yielding a total of 0.68 (table 4), which is in the
medium classification and favors the protection of the
ecological unit's soil. As a result, it may be concluded that
the study area is suitable for conservation, in a relatively
excellent state, and of medium importance. According to
Lucas (2019), the sub-basin of the Carrizal River measures
0.59, which means it belongs to the normal group.

Table 4. HIPP of the Membrillo microbasin.

Vegetation Area HPI HIP
cover (ha) uv % P
50% fruit trees /
50% cultivated grass 565391 069 3664 022
70% tropical arboriculture /
30% cultivated grass 551038 059 3571 025
70% cultivated grass /
30% fruit trees 340,62 074 221 0,02
Tropical arboriculture 306544 0,73 19,86 0,14
Natural forest 513,69 1 333 003
Man-made body of water 347,46 - 2,25 0,02
Total 154315 3,75 100% 0,68
CONCLUSIONS

There are five different plant cover types in the Membri-
llo micro-basin, with cultivated grass and fruit trees ma-
king up the majority of the plant cover. Its HPI therefore
comes out to be 0.68, defining it as a reasonably good
condition, medium importance, and conservation-friend-
ly place. One notable feature is the presence of a small
patch of natural forest, which has the highest HPI (1) and
whose preservation is essential to the preservation of the
micro-watershed's overall HPI. In this way, it is made clear
how important it is to implement environmental manage-
ment programs in this microbasin that involve ecosystem
conservation and protection.
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