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Abstract 

Macroinvertebrates as indicators, are an alternative that is adequate to measure the mountain 

springs water quality and, the environmental changes in ecosystems, product of the 

anthropogenic activities that impact on the ground. We determined the FBI-ANIMAS index 

of water quality through the biological index, taking into consideration aquatic insect 

communities like FBI-PR index, These new index combines the tolerance values with the 

abundance of each family and the total number of individuals. The Pearson correlation 

coefficient was calculated to measure the association between the families like indicators. It 

was observed that FBI-ANIMAS index was adjusted to the physicochemical characterization 

of the mountain springs and to Disolved Oxigen amounts present in them. The FBI-ANIMAS 

index for the mountain springs (M1, M2, M3, M4 and M6) was in the numeric parameters 

from 4 to 1, which indicates that they have regular to excellent quality waters, conversely, 

mountain spring M5, it remained in poor quality. 
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Resumen 

Los macroinvertebrados como indicadores, son una alternativa adecuada para medir la 

calidad del agua de los manantiales de montaña y, los cambios ambientales en los 

ecosistemas, producto de las actividades antropogénicas que impactan en el suelo. 

Determinamos el índice FBI-ANIMAS de calidad del agua a través del índice biológico, 

tomando en consideración comunidades de insectos acuáticos como el índice FBI-PR. Estos 

nuevos índices combinan los valores de tolerancia con la abundancia de cada familia y el 

número total de individuos. Se calculó el coeficiente de correlación de Pearson para medir la 

asociación entre las familias como indicadores. Se observó que el índice FBI-ANIMAS se 

ajustó a la caracterización fisicoquímica de los manantiales de montaña y a las cantidades de 

Oxígeno Disuelto presentes en ellos. El índice FBI-ANIMAS para los manantiales de 

montaña (M1, M2, M3, M4 y M6) se ubicó en los parámetros numéricos de 4 a 1, lo que 

indica que cuentan con aguas de calidad regular a excelente, por el contrario, el manantial de 

montaña M5 se mantuvo en mala calidad. 

Palabras clave: actividad antrópica, bioindicador, índice biológico. 

 

Resumo 

Os macroinvertebrados, como indicadores, são uma alternativa adequada para medir a 

qualidade da água das nascentes das montanhas e as mudanças ambientais nos ecossistemas, 

produto das atividades antrópicas que impactam no solo. Determinamos o índice FBI-

ANIMAS de qualidade da água através do índice biológico, levando em consideração 

comunidades de insetos aquáticos como o índice FBI-PR. Este novo índice combina os 

valores de tolerância com a abundância de cada família e o número total de indivíduos. O 

coeficiente de correlação de Pearson foi calculado para medir a associação entre os 

indicadores familiares. Observou-se que o índice FBI-ANIMAS foi ajustado à caracterização 

físico-química das nascentes montanhosas e às quantidades de Oxigênio Dissolvido nelas 

presentes. O índice FBI-ANIMAS para as nascentes de montanha (M1, M2, M3, M4 e M6) 

ficou nos parâmetros numéricos de 4 a 1, o que indica que possuem águas de regular a 

excelente qualidade, ao contrário, a nascente de montanha M5, permaneceu em má qualidade. 

Palavras-chave: patrimonialização, socialização, transformação, identidade. 
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Introducction 

As society develops the demand for water resources increases, the quality and 

quantity of water decreases due to the anthropogenic impact on the basins, which affects the 

mountain springs and deep wells. This means that the resource is not in a sustainable manner 

exploited (Elosegi, 2009). In the same way, Damanik-Ambarita et al. 2016; Forero-Céspedes 

et al. 2013; Gómez-Tolosa et al. 2021, point out that water resource is vulnerable to 

conditioning factors such as population density, human settlements, productive activities and 

technological systems, among others, for which alternatives are sought that propitiate an 

approach to determine the deterioration of the ecosystems (Aguilar-González et al., 2022; 

Gallay et al., 2007; Suastegui Cruz et al., 2017, 2018). In this way, water quality assessing 

through routine and costly analyzes such as physical-chemical and microbiological, only 

provide timely and indirect information at the time of sampling and do not express the 

ecosystem deterioration over time. In addition, they are to requiring infrastructure and 

qualified personnel, which represents a limitation for places with very high marginalization, 

as is the area of study (National Institute of Statistics, Geography and Informatics [INEGI], 

2010). 

Certainly the macroinvertebrates as indicators alternative are adequate to measure the 

mountain springs water quality (Callisto et al., 2023; Galdean et al., 2001; Mimeche et al., 

2019; Ramírez Villalobos et al., 2015). They are used today by the ease collecting of the 

samples (Gamboa et al., 2008; García-Barreras et al., 2023) and, adaptability of them to 

environmental changes in ecosystems (Mancilla-Villa et al., 2022; Terneus et al., 2012) 

product of the anthropogenic activities impacts on the ground (Hofstede, 2001; Patiño et al., 

2021). The objective of this work was to determine the water quality of common use 

mountain springs through the biological index FBI-ANIMAS similar to FBI-PR, taking into 

account aquatic insect communities, but adjusting tolerance values. 
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Materials y methods 

The study area is located in the rural community of Las Animas, Municipality of 

Tecoanapa Guerrero, Mexico (Figure 1), UTM coordinates - 99.318611°, -16.972778° it is 

located; at 660 meters above sea level (National Institute of Statistics, Geography and 

Informatics [Inegi], 2010). The warm Subhumid climate predominates (E. García, 1973) with 

an average annual temperature of 31 ° C; in the coldest months (January and February) it 

reaches up to 24.9 ° C. The rains appear from June to October, with average annual rainfall 

of 1200 mm.  

 

Figure 1. Geographical location of the mountain springs at Las Animas, Gro. In red, the 

mountain springs of common use (M1, 2, 3, 4, 5, 6) selected for sampled at the present 

study. 

Source: Own design 

The sampling sites (Figure 1), correspond to six mountain springs of continuous flow 

in times of rains and with little flow in dry weather. They are located in the upper and middle 

part of the polygon of the study, which were called M1 (Cold Water), M2 (Los Martínez), 

M3 (Avocados), M4 (The Tube), M5 (Los Cuartololotes) and M6 (The Flat land).   

The springs selected for the sampling of macroinvertebrates and physicochemical 

analysis (Figure 1) are important for the inhabitants, since the first three feed the stream of 

the town and the last three, for human consumption they are used (drinking) in time of low 

water. 
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The samplings were standardize by unit of effort / time, in three trawls (with manual 

spoon network) during 30 minutes (Coayla-Peñaloza et al., 2023; Hurtado et al., 2005; Ruiz-

Picos et al., 2016). Due to the size of the mountain springs, they were not divide by quadrants 

to carry out the collection, but the center and shores were taken into account, removing stones 

and leaf litter from the surface, as well as the bottom substrate by dragging.  

The samples were stored in plastic bottles, labeled and fixed with alcohol, for the later 

separation of the organisms and their taxonomic identification. In order to the index 

calculation FBI, the organisms found were grouped by family, accounting for the total 

number in each of them and for the calculation of the index, assigning the tolerance score 

proposed by Gutiérrez-Fonseca & Ramírez, 2016, with parameters between 0 (sensitive taxa) 

to 10 (tolerant taxa). 

The Family Biotic Index (FBI-PR) was use because it combines the values of 

tolerance with the abundance of each family and the total number of individuals in a sample. 

The value of the index is obtained from the sum of multiplying the tolerance values of each 

family (ti) by the abundance of organisms (ni) and, divided by the total number (N) of 

individuals collected (IBF= ∑ (ni*ti) / N). 

To compare the scores obtained from the FBI, physicochemical analyzes were carry 

out based on the Mexican norm: NOM-001-SSA1-1994, of Public Health and the red light 

of the National Council of Water for surface water (National Water Commission 

[CONAGUA], 2017). The most important parameters for assessing water quality in 

freshwater ecosystems were temperature (T), dissolved oxygen (DO), Biochemical Oxygen 

Demand (BOD5), chemical oxygen demand (COD), nitrites (NO2) y nitrates (NO3). 

 

Results and Discussion 

In six studied springs, mountains were captured 140 individuals belonging to four 

orders and nine families. The most abundant families were Dytiscidae with 40 specimens, 

followed by Gerridae with 38, Gomphidae with 30, Hydrophilidae with 12, 

Pseudothelphusidae with five, Calopterydidae and Gyrinidae with four, Veliidae and 

Belostomatidae with three and Glossosomatidae, with one. Subsequently, we proceeded to 

the development of graphs for the visualization of the abundance, diversity and water quality 

for freshwater ecosystems (Pineda Pineda et al., 2018) which was adapted for the common 

use mountain springs.  
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Where G (V, E) is a weighted bipartite graph with the set of vertices V= {A, B}, 

where the set of mountain springs is denoted by A=Mi con i= 1, 2,…6 and set B are the 

macroinvertebrate families present. The sample number in each family is the weight of the 

edges (edge thickness). Where vi ϵ A, the degree of the vertex vi (d (vi)) is the number of 

families present in Mi., and the color represents the water quality according to the FBI (Figure 

2, left in the dry season and right in the rainy season).  

 

Figure 2. Richness, abundance and wáter quality of the six mountain springs in Las 

Animas, Guerrero, Mexico. 

 

 

 

Source: Own design 

In the dry season (Figure 2, left), it shows a greater number of families (seven) and 

the water quality fluctuates from poor to excellent, this is because the mountain springs do 

not have protection barriers, which causes the animals to make their physiological needs 

within the water bodies by altering the water quality conditions. While in the rainy season 

(right), it shows fewer families, because two mountain springs (Los Cuatolotes y The Flat 

land)  have no continuous flow through concrete constructions that protect and store the water 
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resource, which prevents the accumulation of natural organic matter, affecting the 

development of insect groups.  

In this sense, The Tube mountain spring, despite not having a construction that 

protects it, the connection of a plastic hose at the point where it mountain springs, indirectly 

affects insects abundance and diversity. In the dry season, the water quality changes going 

from poor to excellent due to the increase in flow due to the dragging that occurs in this 

period, which does not happen with the mountain springs that have concrete construction.  

Subsequently, the physicochemical parameters and the calculated FBI-PR in Las 

Animas common use mountain springs. The Pearson correlation coefficient was calculate to 

measure the association between the indicators. The correlation matrix shows a negative 

tendency of the DO with BOD5, COD, NO2 and NO3. In the case of the calculated FBI-PR 

it does not correlate with any measured parameter (Figure 3). 

 

Figura 3. Physicochemical parameters and FBI-PR index correlation of Las Animas 

common-use mountain springs. 

Source: Own design 

In order to the correlation’s analysis, scores of 0.4 were taking due to the number of 

correlated indicators. In accordance with Alakananda et al. 2011; Du et al. 2017, who pointed 

out that the data can be treated differently, provided that it is taken into consideration that it 

is sought and that it is wanted to measure. In our case, it can be inferred that FIB-PR index 

is not adapted to the physicochemical parameters and their contextualization. Therefore, it 

was determined to make a correlation with the DO and the FBI-PR index, to start from an 

established criterion. 
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Based on the DO saturation criteria in water bodies, based on the temperature and 

established chlorides concentration (Barragán-Peña et al., 2021; Sawyer et al., 2001); DO 

saturation was calculated in the mountain springs of common use, in Las Animas Guerrero 

México, based on the Temperature and Chlorides recorded data. The maximum values of 

temperature (28.3°C), chlorides saturation (25.78 mg/L) and DO (7.28 mg/l) registered in 

mountain spring number 4 (The Tube) are observed. 

Tafur et al. 2010; Vilca-Carhuapoma, 2022, point out that macroinvertebrates found 

in freshwater currents are molluscs (snails and bivalves), crustaceans (shrimps, crabs, others), 

mites and, above all, insects (ephemeroptera, plecoptera, trichoptera, coleoptera, diptera). 

This allows taxa to have a wide range of requirements to colonize the habitat. Whose 

difference is based on the tolerance degrees to various chemical factors (dissolved oxygen, 

pH and metal ions) and the wide range of food (Allan et al., 2021; Merritt & Cummins, 1996). 

DO and FBI-PR values are inversely related, that is, if DO tends to 0, the water quality 

is characterized as strongly contaminated (National Water Commission [CONAGUA], in the 

opposite case of the FIB-PR index, if its value tends to 0, the water quality is excellent. Figure 

4 shows the maximum value of DO, obtained in the mountain springs and, the values of the 

FBI-PR index retained of Gutiérrez-Fonseca & Ramírez, (2016).  

 

Figure 4. DO values of the mountain springs and FIB-PR index established by Gutiérrez-

Fonseca and Ramírez, (2016) for different families and their relationship with water 

quality. 

 

 

 

 

Source: Own design 

Based on this hypothesis, an approximation of water quality was give among these 

indicators, through the correlation between them. For this study, the seven classes of the FIB-

PR index was take into consideration in order to classify the DO values (Figure 5). 
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Figure 5. DO intervals, FBI-PR index and contamination interpretation of common use 

mountain springs in Las Ánimas, Gro., México. 

Source: Own design 

Afterward, a graphic representation of the relationship between DO and index FIB-

PR of the mountain springs was made. The Pearson correlation coefficient was calculate to 

measure the linear representation between these indicators.  Dispersion diagram with 

negative correlation (-0.945) between the DO and the FIB-PR index obtained in the mountain 

springs of Las Animas, Gro., Mexico, considering the numerical parameters of indication (P 

= 0.01). 

Subsequently, taking into consideration the families present in the mountain springs, 

the FIB-PR index Gutiérrez-Fonseca & Ramírez, (2016) was calculated. Furthermore, the 

Pearson correlation coefficient was calculate to measure the degree of association of the DO 

and the FIB-PR index. A value of 0.301 was obtain, which indicates positive correlation. 

Due to the above, it is considered that the FBI-PR index Gutiérrez-Fonseca & 

Ramírez, (2016), may be suitable for this type of water bodies, due to the parameters involved 

such as temperature, climate, or ecosystem. On the other hand, the FBI-PR index has been 

implemented for urban areas and fast flowing rivers, the study area is located in a rural area 

with slow flows, based on that perspective, the FBI-PR index was adjusted and FBI-

ANIMAS index was constructed (Table 3), to give a first approximation for water quality 

evaluations from slow-flow springs.  

The adjustments made were in the location of the tolerance levels for the families, in 

the sense that at low levels of contamination, it reduces the dominant populations, or its 

increase is less frequent (Perkins, 1983; Pontasch et al., 1989). In some Latin American 

countries, these types of adjustments have been made (Carrera Reyes & Fierro Peralbo, 2001; 

E. N. García & Rosas, 2010; Muñoz & de Andrés García, 2020; Tafur et al., 2010). The 

Gerridae and Veliidae families were adjusted to level 7, Belostomatidae to 6, Dytiscidae and 

Hydrophilidae to 4, Calopterydidae and Gyrinidae to 3 (Table 3). 



 

                              Vol. 14, Núm. 28 Enero – Junio 2024, e641 

Table 3. Scores assigned to aquatic macroinvertebrates families to obtain FBI-PR index. 

Families * Score 

Blephariceridae 0 

Lestidae, Calamoceratidae, Hydrobiosidae, Leptoceridae, 

Psephenidae, Ptilodactylidae, Corethrellidae 

1 

Xiphocentronidae, Haliplidae, Lampyridae, Ptiliidae, 

Hydraenidae, Noteridae, Ancylidae, Sphaeridae, Blaberidae  

2 

Aeshnidae, Protoneuridae, Glossosomatidae, 

Helicopsychidae, Hydroptilidae, Polycentropodidae, 

Scarabaeidae, Scirtidae, Limnichidae, Sciomyzidae, 

Gomphidae 

3 

Baetidae, Caenidae, Elmidae, Gyrinidae, Ceratopogonidae, 

Chaoboridae, Hydrachnidia, Atyidae, Palaemonidae, 

Xiphocarididae, Pseudothelphusidae, Neritidae, 

Calopterydidae 

4  

Leptophlebiidae, Coenagrionidae, Libellulidae, Nepidae, 

Notonectidae, Pleidae, Hydropsychidae, Philopotamidae, 

Crambidae, Dytiscidae, Hydrophilidae, Staphylinidae, 

Turbellaria, Hydrobiidae 

            5 

Corixidae, Hydrometridae, Hebridae, Mesoveliidae, 

Naucoridae, Dolichopodidae, Empididae, Amphipoda, 

Hirudinea, Ampullaridae, Lymnaedidae, Limacidae, 

Corbiculidae 

6 

Belostomatidae, Saldidae, Sarcophagidae, Stratiomyidae, 

Tabanidae, Thaumelidae, Tipulidae 

7 

Gerridae, Veliidae, Dixidae, Simuliidae, Planorbiidae 8 

Chironomidae, Culicidae, Ephydridae, Muscidae, 

Psychodidae, Syrphidae, Thiaridae, Physidae 

9 

Oligochaeta 10 

* Families in bold are those found in the mountain springs commonly used in Las Animas. 

Values of FBI-ANIMAS index were adjusted according to the tolerance level value of FBI-

PR index (Gutiérrez-Fonseca and Ramírez, 2016): Families Gerridae and Veliidae to 7, 
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Belostomatidae to 6, Dytiscidae and Hydrophilidae to 4, Calopterydidae and Gyrinidae to 

3. 

Source: Own design             

         From the FBI-ANIMAS index, the Pearson correlation coefficient was calculate to 

measure the level of correspondence between the DO and the FBI-ANIMAS index. A value 

of R = -.965 (P = 0.01) was obtained, which implies a negative correlation. It was observe 

that FBI-ANIMAS index was adjusted to the physicochemical characterization of the 

mountain springs and to DO amounts present in them. The FBI-ANIMAS index for the 

mountain springs was in the parameters from 4 to 1, which indicates that they are regular to 

excellent waters. 

 

Conclusions 

Dytiscidae family was the most abundant (40%) in the M2 (Los Martínez) monuntain 

spring, in the springs M1 (Cold water) and M3 (Avocados), were Gerridae with 38% and 

Gomphidae with 30% respectively.  

According to the FBI-PR index, the greatest diversity was 8.0 for the M5 mountain 

spring (Los Cuartolotes) and those with the lowest diversity were M3 (avocados) and, M4 

(The Tube) with 4.5.  

The high percentages registered with the FBI-PR index and to match the 

physicochemical context registered in the mountain springs commonly used in Las Animas, 

the FBI-ANIMAS index is adjusted and developed. 

The FBI-PR index interpreted the water quality for the mountain springs M1, M2, 

M3, M4 and M6 have good quality, in contrast, M5 springs was registered like poor quality. 

FBI-PR index interpreted the water quality for the mountain springs M1, M2, M3, M4, and 

M6 have good quality, in contrast, the spring mountain M5 was like poor quality. 

Evaluating the water quality of the mountain springs with to FBI-ANIMAS index, the 

springs M1, M2, M3, M4 and, M6 were from particularly good to excellent quality, in the 

case of M5 spring, it remained in poor quality. 

Taking into consideration DO, the water quality was particularly good to excellent in 

the six mountain springs. 

During rainy season, the water quality varied from poor to excellent, due to the 

increase in flow and the dragging that occurs, which does not happen with the springs 

sheltered with concrete constructions. 
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Future lines of research 

This study is a reference for future research related to formal and non-formal 

education for the monitoring of natural resources in rural areas, where there will be an 

exchange of empirical and scientific knowledge, which will allow the practice of 

sustainability governance, where resources Natural resources are an essential part of the 

development of a society. Similar research has been carried out in Latin American countries 

and few studies have been carried out in Mexico. This would set the standard for 

understanding from a local perspective what are the forms of organization, participation and 

conservation that rural localities have. 
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