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Abstract: Coban Rais, part of the Brantas River upstream area, is a tourist 
destination with natural waterfalls and anthropogenic activities affecting its 
river health. This study analyzed river health using macroinvertebrates 
sampled at nine stations with varying land uses. Samples were collected with 
hand nets (500 μm mesh) using a 10-meter kicking technique in riffle areas. 
Data were analyzed using the SIGNAL2 index. A total of 76 macroinvertebrate 
families from 15 orders, 3 subclasses, and 1 suborder were identified. Station 
4 had the highest diversity (33 families), including Hydropsychidae and 
Caenidae, while Station 9 recorded the lowest (7 families), including Naididae 
and Chironomos thummi. SIGNAL2 results categorized stations 1 and 2 as 
unpolluted (values of 6.26 and 5.39, respectively), stations 3–8 as lightly 
polluted (values between 3.71 and 4.79), and station 9 as heavily polluted 
(3.61). Recommendations include maintaining unpolluted stations through 
regular cleaning and erosion control, reducing waste disposal near lightly 
polluted stations, and treating livestock waste before discharge at heavily 
polluted sites. Public awareness campaigns are vital to promote river health 
and protect macroinvertebrate diversity. 
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Introduction  
 

Coban Rais River, situated in Batu, Indonesia, is a 
significant natural resource that traverses three villages: 
Oro-Oro Ombo, Tlekung, and Dadaprejo. The river 
originates from the Coban Rais waterfall, which is 
approximately 20 meters high and located at an altitude 
of 1025 meters above sea level on the eastern slope of 
Mount Panderman. The surrounding environment is 
characterized by dense vegetation and large boulders, 
contributing to the river's aesthetic and ecological value 
(Albutra et al., 2017). The river's ecosystem is vital for 
local biodiversity, particularly for macroinvertebrates, 
which serve as bioindicators of water quality due to their 
sensitivity to environmental changes (Mazzoni et al., 
2014; Olson & Hawkins, 2017). 

Anthropogenic activities, including tourism, 
agriculture, and urbanization, have been shown to 
adversely affect the water quality of Coban Rais River. 
Increased visitor numbers lead to littering and pollution, 
while agricultural practices around the riverbanks result 
in habitat degradation and reduced water absorption 
capacity (Fernández et al., 2018; Zhang et al., 2021). Such 
disturbances can significantly impact the aquatic 
organisms inhabiting the river, particularly 
macroinvertebrates, which are known to respond 
sensitively to changes in water quality (Fierro et al., 2015; 
Gandini & Costa Sampaio, 2014). The relationship 
between land use and macroinvertebrate diversity has 
been well-documented, highlighting the importance of 
monitoring these organisms to assess the ecological 

health of freshwater systems (Castro‐López et al., 2019; 
Kahirun, 2023). 

https://doi.org/10.29303/jppipa.v11i1.8871
mailto:ade.drsl@gmail.com
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Research has indicated that macroinvertebrates can 
effectively reflect the ecological status of rivers, making 
them crucial for bioassessment (Martínez-Sanz et al., 
2014; Mutea et al., 2021). The Environmental Protection 
Agency (EPA) emphasizes the importance of biological 
assessments in evaluating water bodies, where 
macroinvertebrates are often utilized due to their diverse 
habitats and varying tolerance levels to pollutants 
(Gething et al., 2020; Ruiz-Picos et al., 2017). In the 
context of Coban Rais, understanding the diversity and 
abundance of macroinvertebrates can provide insights 
into the river's health and the impact of human activities 

on its ecosystem (Castro‐López et al., 2018; Scotti et al., 
2019). 

Given the pressing issues surrounding Coban Rais 
River, this study aims to investigate the 
macroinvertebrate communities as bioindicators of 
water quality. By assessing these organisms, the research 
seeks to contribute to the ongoing efforts to mitigate the 
negative effects of anthropogenic activities and promote 
sustainable management of the river's ecosystem 
(Valentini et al., 2016; Vasquez et al., 2022). The findings 
could inform local authorities and stakeholders about 
the ecological status of Coban Rais and guide 
conservation initiatives to protect this vital natural 
resource (Górski et al., 2018; Koty, 2024). 

 
Methods 
 

The methodology employed in this quantitative 
descriptive research is grounded in established practices 
for sampling macroinvertebrates, which are critical 
bioindicators of aquatic ecosystem health. The study 
utilized primary data collected from nine sampling 
stations along the Coban Rais River, employing a 
purposive sampling method to ensure that the selected 
sites accurately represented the overall water conditions. 
This approach is supported by previous research 
indicating that targeted sampling can yield more 
representative data regarding macroinvertebrate 
communities in diverse habitats (Brua et al., 2010; Feeley 
et al., 2011). 

The kicking method for macroinvertebrate 
sampling, as described in the study, is widely recognized 
for its effectiveness in collecting benthic organisms from 
shallow water bodies. This technique allows for the 
disturbance of substrate, facilitating the capture of 
organisms that may otherwise remain hidden (Moore & 
Murphy, 2015). Studies have shown that kick sampling 
can provide a comprehensive view of macroinvertebrate 
communities, often outperforming other methods in 
terms of taxa richness and community structure (Moore 

& Murphy, 2015). Moreover, the duration of sampling—
three to five minutes depending on stream width—
aligns with best practices that recommend sufficient time 
to ensure adequate representation of the community 
(Feeley et al., 2011; Moore & Murphy, 2015). 

The tools and materials used for sampling, 
including hand nets with a mesh size of 500 µm, are 
consistent with standard protocols for aquatic 
invertebrate collection. The choice of equipment is 
crucial, as it influences the efficiency and accuracy of the 
sampling process (Hertika, 2024). The use of benthic jars 
and strainers for sorting and preserving samples further 
ensures that the collected data remains intact for 
subsequent laboratory analysis, which is essential for 
accurate identification and assessment of 
macroinvertebrate diversity (Hertika, 2024). 

In the laboratory, the application of compound 
microscopes and identification books facilitates the 
precise identification of macroinvertebrate taxa, which is 
vital for assessing water quality through bioindication 
methods. The integration of both field and laboratory 
techniques underscores the comprehensive nature of the 
research methodology, allowing for a robust analysis of 
the ecological health of the Coban Rais River (Ganguly 
et al., 2018). 

Overall, the methodological framework established 
in this study is supported by a wealth of literature that 
emphasizes the importance of standardized sampling 
techniques and the role of macroinvertebrates as 
indicators of environmental quality. By adhering to these 
established protocols, the research aims to provide 
valuable insights into the ecological status of the Coban 
Rais River and the impacts of anthropogenic activities on 
its aquatic ecosystems (Krause et al., 2010; Sabatino et al., 
2017) as shown in the Figure 1. 
 

 
Figure 1. Sampling location map 
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Table 1. Description of sampling locations 
Sampling Station Sampling Coordinate Description 

Station 1 7°54’55.22’’S 112°30’34.86’’E Primary Forest 
Station 2 7°54’48.13’’S 112°30’48.94’’E DAM 
Station 3 7°54’43.55’’S 112°31’04.69’’E Agriculture 
Station 4 7°54’43.7’’S 112°31’ 17.1’’E Tourism 
Station 5 7°54’48.4’’S 112°31’ 48’’E Agriculture 
Station 6 7°54’43.7’’S 122°31’ 17.1’’E Settlement 
Station 7 7°54’55.4”S 112°32’15.1”E Settlement & Livestock 
Station 8 7°54’47.5”S 112°32’43.0”E Agriculture 
Station 9 7°55’02.42”S 112°34’49.34”E Settlement 

 

Result and Discussion 
 

The biological assessment of macroinvertebrates 
was carried out in Coban Rais River. The data obtained 
was then analyzed using macroinvertebrate abundance 
and relative density, and the Invertebrate Grade number 
average level (SIGNAL) index. 
 Relative Density is calculated by the Formula 1. 
 

𝐾𝑅 =
𝑛𝑖

𝑁
𝑥100%     (1) 

   
   Description: 

KR= Relative Density 
ni = Number of individuals per taxa 
N = Number of individuals of all taxa 
  

The macroinvertebrate communities found in this 
observation consisted of the composition and relative 
density of macroinvertebrates in the Coban Rais river, 
Oro-Oro Ombo Village carried out on April 03-05, 2024 
consisting of station 1 to station 9. The results of these 
observations are presented in the Figure 2. 

 

 
Figure 2. Macroinvertebrate Density in Coban Rais River 

 

 A total of 76 families were identified from the 
macroinvertebrates and 15 orders (Amphipoda, 
Coleoptera, Diptera, Decapoda, Ephemeroptera, 
Hemiptera, Lepidotera, Lumbriculida, Neotaenioglossa, 
Odonata, Phyllodocida, Pleocoptera, Tricoptera, 
Tricladida and Tubificida), 3 sub-classes 
Caenogastropoda, Collembola and Hirudinea), and 1 
sub-order named Hygrophila. For more details, see 
Table 2. 
 

Table 2. Macroinvertebrate relative density 
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The findings regarding the number of taxa at 

different sampling stations along the Coban Rais River 
highlight the influence of environmental conditions and 
land use on macroinvertebrate diversity. At station 9, the 
presence of only 7 taxa, including Baetidae, Naididae, 
and Chironominae, suggests a potentially degraded 
habitat, likely influenced by the surrounding plantation 
land use in Dadaprejo Village. This observation aligns 
with research indicating that agricultural runoff and 
land use changes can significantly affect the composition 
and abundance of macroinvertebrate communities 
(Kasangaki et al., 2008). 

The highest diversity observed at station 4, with 33 
taxa including various families such as Elmidae and 
Chironomidae, indicates a healthier ecosystem. The 
presence of diverse substrate types—sand, gravel, and 
stone—at this station is conducive to supporting a wide 
range of macroinvertebrate species, as noted by Xu et al. 
(2018), who emphasized the importance of substrate 
composition in fostering macroinvertebrate habitats. The 
relationship between substrate type and 
macroinvertebrate diversity is well-documented, with 
studies showing that heterogeneous substrates promote 
greater biodiversity by providing various niches for 
different taxa (Feld et al., 2013; Leigh & Sheldon, 2009). 

The ecological significance of macroinvertebrates as 
bioindicators of water quality is underscored by their 

sensitivity to environmental changes. Research has 
demonstrated that macroinvertebrate assemblages can 
reflect the ecological health of freshwater systems, 
making them valuable for monitoring the impacts of 
anthropogenic activities (Kędzior et al., 2021; Zhang et 
al., 2021). The contrasting taxa richness between stations 
4 and 9 exemplifies how land use and habitat conditions 
can shape macroinvertebrate communities, reinforcing 
the need for continued monitoring and assessment of 
river ecosystems (Getachew, 2023; Paillex et al., 2012). 

Overall, the data collected from the Coban Rais 
River underscores the intricate relationship between 
land use, habitat conditions, and macroinvertebrate 
diversity. This research contributes to the broader 
understanding of how anthropogenic influences can 
alter aquatic ecosystems and highlights the importance 
of implementing effective management strategies to 
protect these vital habitats (Dirisu & Olomukoro, 2021; 
Negishi et al., 2002). 

 
Macroinvertebrate measurement results using SIGNAL2 
 Based on the analysis using stream invertebrate 
grade number average level 2 (SIGNAL2), 
macroinvertebrates in the Coban Rais River, Oro-Oro 
Ombo Village, Batu District were categorized as 
macroinvertebrates obtained from 9 observation stations 
as in Table 3. 

 
Table 3. Results of Macroinvertebrate Calculations Using Stream Invertebrate Grade Number Average Level 
(SIGNAL2) 

Station Signal Value Number of Taxa Desc. 

Station 1 6.14 30 Not polluted 
Station 2 5.39 32 Not polluted 
Station 3 4.59 21 Lightly polluted 
Station 4 4.74 33 Lightly polluted 
Station 5 4.70 32 Lightly polluted 
Station 6 4.07 26 Lightly polluted 
Station 7 3.79 23 Lightly polluted 
Station 8 3.65 13 Lightly polluted 
Station 9 3.53 7 Heavily polluted 

The results of SIGNAL2 analysis of 
macroinvertebrates show that the health status of the 

Coban Rais River ranges from unpolluted to severely 
polluted along the Coban Rais River. 
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Conclusion  
 

This research found a total of 76 families of 
macroinvertebrates were found, 15 orders (Amphipoda, 
Coleoptera, Diptera, Decapoda, Ephemeroptera, 
Hemiptera, Lepidotera, Lumbriculida, Neotaenioglossa, 
Odonata, Phyllodocida, Pleocoptera, Tricoptera, 
Tricladida and Tubificida), 3 sub-classes 
(Caenogastropoda, Collembola and Hirudinea), and 1 
sub-order (Hygrophila). The lowest number of taxa 
found at station 9 compared to other stations was 7 taxa, 
including Baitidae, Naididae, Chironomos Thummi, 
Culicidae, Nereidae, Simulidae (L) and Chironominae. 
The number of SIGNAL2 value at station 1 of 6.26 and 
station 2 of 5.39. The lightly polluted category included 
those at station 3 with a value of 4.59, station 4 with a 
value of 4.79, and station 5 with a value of 4.69, station 6 
of 4.06, station 7 of 3.78, and station 8: of 3.71. Lastly, 
station 9 was the heavily polluted river with a value of 
3.61. 
 
Acknowledgments  
This research was supported by Universitas Brawijaya, 
Postgraduate Program of Management of Environmental 
Resource and Development. The researchers would like to 
thank the advisors, board of examiners, and friends who have 
helped during the research. 
 
Author Contributions 

Conceptualization, ARS., S.S and K.K.; methodology, ARS.; 
validation, S.S and K.K.; formal analysis, ARS.; investigation, 
ARS.; resources, ARS.; data curation, S.S., and K.K.; writing—
original draft preparation, ARS; visualization, S.S and K.K. All 
authors have read and agreed to the published version of the 
manuscript. 
 
Funding 
This research was indenpendently funded by researchers. 
 
Conflicts of interest  
The authors declare no conflict of interest. 
 
 

References  
 
Albutra, Q. B., Ascaño II, C. P., & Demayo, C. G. (2017). 

Water Quality Assessment Using 
Macroinvertebrates Along the Mining Area of 
Brgy. International Journal of Advanced and Applied 
Sciences, 4. 
https://doi.org/10.21833/ijaas.2017.011.015 

Brua, R. B., Culp, J. M., & Benoy, G. (2010). Comparison 
of Benthic Macroinvertebrate Communities by 
Two Methods: Kick- And U-Net Sampling. 
Hydrobiologia. https://doi.org/10.1007/s10750-
010-0499-x 

Castro‐López, D., Guerra-Cobián, V. H., & Fornells, N. 

P. (2018). The Role of Riparian Vegetation in the 
Evaluation of Ecosystem Health: The Case of 
Semiarid Conditions in Northern Mexico. River 
Research and Applications. 
https://doi.org/10.1002/rra.3383 

Castro‐López, D., Rodríguez‐Lozano, P., Arias-Real, R., 
Guerra-Cobián, V. H., & Prat, N. (2019). The 
Influence of Riparian Corridor Land Use on the 
Pesquería River’s Macroinvertebrate Community 
(N.E Mexico). Water. 
https://doi.org/10.3390/w11091930 

Dirisu, A.-R., & Olomukoro, J. O. (2021). Biodiversity 
and Environmental Integrity of Some Rivers in 
Derived Savannah Belt in Edo-North. In Inland 
Waters-Dynamics and Ecology. IntechOpen. 

Feeley, H. B., Woods, M., Baars, J.-R., & Kelly-Quinn, M. 
(2011). Refining a Kick Sampling Strategy for the 
Bioassessment of Benthic Macroinvertebrates in 
Headwater Streams. Hydrobiologia. 
https://doi.org/10.1007/s10750-011-0940-9 

Feld, C. K., Bello, F. d., & Dolédec, S. (2013). Biodiversity 
of Traits and Species Both Show Weak Responses 
to Hydromorphological Alteration in Lowland 
River Macroinvertebrates. Freshwater Biology. 
https://doi.org/10.1111/fwb.12260 

Fernández, S., Rodríguez, S., Martínez, J. L., Borrell, Y. J., 
Ardura, A., & García‐Vázquez, E. (2018). 
Evaluating Freshwater Macroinvertebrates From 
eDNA Metabarcoding: A River Nalón Case Study. 
Plos One. 
https://doi.org/10.1371/journal.pone.0201741 

Fierro, P., Bertrán, C., Peña‒Cortés, F., Tapia, J., 
Hauenstein, E., Caputo, L., & Vargas‐Chacoff, L. 
(2015). Landscape Composition as a Determinant 
of Diversity and Functional Feeding Groups of 
Aquatic Macroinvertebrates in Southern Rivers of 
the Araucania, Chile. Latin American Journal of 
Aquatic Research. https://doi.org/10.3856/vol43-
issue1-fulltext-16 

Gandini, C. V, & Costa Sampaio, F. A. (2014). 
Hydropeaking Effects of on the Diet of a 
Neotropical Fish Community. Neotropical 
Ichthyology. https://doi.org/10.1590/1982-0224-
20130151 

Ganguly, I., Patnaik, L., & Nayak, S. (2018). 
Macroinvertebrates and Its Impact in Assessing 
Water Quality of Riverine System: A Case Study of 
Mahanadi River, Cuttack, India. Journal of Applied 
and Natural Science. 
https://doi.org/10.31018/jans.v10i3.1817 

Getachew, M. (2023). Impacts of the Koka Hydropower 
Dam on Macroinvertebrate Assemblages in the 
Awash River Basin in Ethiopia. Journal of 
Limnology. 



Jurnal Penelitian Pendidikan IPA (JPPIPA) January 2025, Volume 11, Issue 1, 405-414 

 

413 

https://doi.org/10.4081/jlimnol.2023.2153 
Gething, K. J., Ripley, M. C., Mathers, K. L., Chadd, R., & 

Wood, P. J. (2020). The Influence of Substrate Type 
on Macroinvertebrate Assemblages Within 
Agricultural Drainage Ditches. Hydrobiologia. 
https://doi.org/10.1007/s10750-020-04416-6 

Górski, J., Dragon, K., & Kruć, R. (2018). A Comparison 
of the Efficiency of Riverbank Filtration Treatments 
in Different Types of Wells. Geologos. 
https://doi.org/10.2478/logos-2018-0025 

Hertika, S. (2024). Benthic Macroinvertebrates as 
Bioindicators to Detect the Level of Water Pollution 
in the Upstream Segment of Brantas River 
Watershed in Malang, East Java, Indonesia. 
Biodiversitas Journal of Biological Diversity. 
https://doi.org/10.13057/biodiv/d250222 

Kahirun, K. (2023). Used Macroinvertebrates as 
Bioindicators to Compare Water Quality From 
Different Land Uses in Watumokala and Nokambu 
Rivers, Southeast Sulawesi, Indonesia. Biodiversitas 
Journal of Biological Diversity. 
https://doi.org/10.13057/biodiv/d241052 

Kasangaki, A., Chapman, L. J., & Balirwa, J. S. (2008). 
Land Use and the Ecology of Benthic 
Macroinvertebrate Assemblages of High‐altitude 
Rainforest Streams in Uganda. Freshwater Biology. 
https://doi.org/10.1111/j.1365-2427.2007.01925.x 

Kędzior, R., Kłonowska-Olejnik, M., Dumnicka, E., Woś, 
A., Wyrębek, M., Książek, L., Grela, J., Madej, P., & 
Skalski, T. (2021). Macroinvertebrate Habitat 
Requirements in Rivers: Overestimation of 
Environmental Flow Calculations in Incised 
Rivers. Hydrology and Earth System Sciences 
Discussions. https://doi.org/10.5194/hess-2021-
196 

Koty, A. T. (2024). Macroinvertebrate Diversity as 
Bioindicator of Water Quality in Anggoeya River, 
Kendari City. Journal of Soilscape and Agriculture. 
https://doi.org/10.19184/jsa.v2i2.809 

Krause, S., Hannah, D. M., Fleckenstein, J. H., Heppell, 
C., Kaeser, D., Pickup, R. W., Pinay, G., Robertson, 
A. L., & Wood, P. J. (2010). Inter‐disciplinary 
Perspectives on Processes in the Hyporheic Zone. 
Ecohydrology. https://doi.org/10.1002/eco.176 

Leigh, C., & Sheldon, F. (2009). Hydrological 
Connectivity Drives Patterns of Macroinvertebrate 
Biodiversity in Floodplain Rivers of the Australian 
Wet /Dry Tropics. Freshwater Biology. 
https://doi.org/10.1111/j.1365-2427.2008.02130.x 

Martínez-Sanz, C., Puente-García, S. M., Rebolledo, E. R., 
& Prado, P. J. (2014). Macroinvertebrate Richness 
Importance in Coastal Tropical Streams of 
Esmeraldas (Ecuador) and Its Use and Implications 
in Environmental Management Procedures. 

International Journal of Ecology. 
https://doi.org/10.1155/2014/253134 

Mazzoni, A. C., Lanzer, R. M., & Schäfer, A. (2014). 
Tolerance of Benthic Macroinvertebrates to 
Organic Enrichment in Highland Streams of 
Northeastern Rio Grande Do Sul, Brazil. 
Limnologica Brasiliensia. 
https://doi.org/10.1590/s2179-
975x2014000200003 

Moore, I., & Murphy, K. J. (2015). Evaluation of 
Alternative Macroinvertebrate Sampling 
Techniques for Use in a New Tropical Freshwater 
Bioassessment Scheme. Acta Limnologica 
Brasiliensia. https://doi.org/10.1590/s2179-
975x8813 

Mutea, F. G., Nelson, H. K., Au, H. va., Huỳnh, T. G., & 
Vu, U. N. (2021). Assessment of Water Quality for 
Aquaculture in Hau River, Mekong Delta, Vietnam 
Using Multivariate Statistical Analysis. Water. 
https://doi.org/10.3390/w13223307 

Negishi, J. N., Inoue, M., & Nunokawa, M. (2002). Effects 
of Channelisation on Stream Habitat in Relation to 
a Spate and Flow Refugia for Macroinvertebrates in 
Northern Japan. Freshwater Biology. 
https://doi.org/10.1046/j.1365-2427.2002.00877.x 

Olson, J. R., & Hawkins, C. P. (2017). Effects of Total 
Dissolved Solids on Growth and Mortality Predict 
Distributions of Stream Macroinvertebrates. 
Freshwater Biology, 62(4), 779–791. 
https://doi.org/10.1111/fwb.12901 

Paillex, A., Dolédec, S., Castella, E., Mérigoux, S., & 
Aldridge, D. C. (2012). Functional Diversity in a 
Large River Floodplain: Anticipating the Response 
of Native and Alien Macroinvertebrates to the 
Restoration of Hydrological Connectivity. Journal 
of Applied Ecology. https://doi.org/10.1111/1365-
2664.12018 

Ruiz-Picos, R. A., Sedeño‐Díaz, J. E., & EugeniaLópez-
López. (2017). Calibrating and Validating the 
Biomonitoring Working Party (BMWP) Index for 
the Bioassessment of Water Quality in Neotropical 
Streams. Water Quality, 3, 39–58. 
https://doi.org/10.5772/66221 

Sabatino, A. d., Cristiano, G., Vignini, P., Miccoli, F. P., & 
Cicolani, B. (2017). A Modification of the Leaf-Nets 
Method for Sampling Benthic Invertebrates in 
Spring Habitats. Journal of Limnology. 
https://doi.org/10.4081/jlimnol.2017.1675 

Scotti, A., Tappeiner, U., & Bottarin, R. (2019). Stream 
Benthic Macroinvertebrates Abundances Over a 6-
Year Monitoring Period of an Italian Glacier-Fed 
Stream. Biodiversity Data Journal. 
https://doi.org/10.3897/bdj.7.e33576 

Valentini, A., Taberlet, P., Miaud, C., Civade, R., Herder, 



Jurnal Penelitian Pendidikan IPA (JPPIPA) January 2025, Volume 11, Issue 1, 405-414 

 

414 

J., Thomsen, P. F., Bellemain, E., Besnard, A., 
Coissac, É., Boyer, F., Gaboriaud, C., Jean, P., 
Poulet, N., Roset, N., Copp, G. H., Géniez, P., Pont, 
D., Argillier, C., Baudoin, J.-M., & Déjean, T. (2016). 
Next‐generation Monitoring of Aquatic 
Biodiversity Using Environmental 
<scp>DNA</Scp> Metabarcoding. Molecular 
Ecology. Molecular Ecology. 
https://doi.org/10.1111/mec.13428 

Vasquez, A. A., Kabalan, B. A., & Miller, C. J. (2022). First 
Data on Water Mite (Acari, Hydrachnidia) 
Assemblages of Point Rosa Marsh, Harrison 
Township, Michigan, USA,and Their Use as 
Environmental Bioindicators of Aquatic Health. 
Acarologia. https://doi.org/10.24349/2m5p-c5ku 

Xu, M., Zhao, N., Zhou, X., Pan, B., Liu, W., Tian, S., & 
Wang, Z. (2018). Macroinvertebrate Biodiversity 
Trends and Habitat Relationships Within 
Headwater Rivers of the Qinghai-Tibet Plateau. 
Water. https://doi.org/10.3390/w10091214 

Zhang, H., Zhu, C., Mo, K., Chen, Q., Tang, L., Zhang, J., 
Li, T., & Wang, J. (2021). Dam Cascade Alters 
Taxonomic Composition of Benthic 
Macroinvertebrate Community in Upper Yangtze 
River. River Research and Applications. 
https://doi.org/10.1002/rra.3787 

Zhang, N., Shang, G.-X., Yang, D., Zhang, Y., Ding, S., & 
Gao, X. (2021). Testing the Sensitivity and 
Limitations of Frequently Used Aquatic Biota 
Indices in Temperate Mountain Streams and Plain 
Streams of China. Water. 
https://doi.org/10.3390/w13233318 

 
 


