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Abstract 
Rwanda is one of the most populated countries in Africa, its economic activity depends on agriculture, where 

66.5% of its population depends on agricultural activities. This high population and non-smart agricultural 

dependence put noticeable pressure on biodiversity and ecosystems including aquatic environments. To reduce 

the effect of agriculture on aquatic bodies, Rwanda has adopted Integrated Water Resources Management 

(IWRM) as a pivot to ensure the provision of clean water as well as contribute to the well-being of aquatic 

living. This study assesses and compares the taxonomic diversity of freshwater macroinvertebrate fauna in 

natural forest streams and human-modified marshland. Sampling was conducted in Nyungwe National Park 

(NNP) a protected area, and Rwasave Marshland which is a disturbed area by using a 500µm mesh-size kick-

net. Specimens identified through morphometric analyses show that NNP exhibits a higher family richness of 

freshwater macroinvertebrates than in the Rwasave marshland. Families within the orders Trichoptera, 

Ephemeroptera, and Plecoptera were found exclusively in NNP, reflecting their sensitivity to pollution and 

disturbances. The study highlights that freshwater macroinvertebrate fauna of Rwanda, particularly species 

within Plecoptera, Trichoptera, and various mayflies, are abundant in protected areas, making them valuable 

bio-indicators of aquatic ecosystem health due to their sensitivity to pollution. This knowledge is crucial for 

monitoring habitat restoration efforts, ecosystem health status, and advancing sustainable water resource 

management in tropical regions using indicators. 
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I. Introduction 
The high population densityof Rwanda and 66.5% of the population dependingon 

agriculture,particularly on the steep hillsides, increased pressure on the landscape to meet growing food 

demands (Kropff et al., 2020; Mizero et al., 2021; Uwimana et al., 2018; Wiliam, A. 2018). In non-protected 

areas, this demand has led to the destruction of forests and wetlands, which previously served as water 

catchments and reservoirs (Rukundo et al., 2018). Research shows that intensive agricultural practices result in 

severe environmental issues, including runoff, soil erosion, and water pollution from fertilizers and pesticides 

(Majoro et al., 2023; Shareef& Mushtaq, 2023.). Farming on steep slopes in highland areas also leads to 

sedimentation and nutrient enrichment in nearby streams, along with the decline of riparian vegetation 

(Uwimana et al., 2018; Ndayisaba & Mihale, 2015). 

The protected areas such as national parks and forest reserves are generally affected less by human 

disturbances. In Rwanda, there are four (Nyungwe, Akagera, Volcanoes, and Gishwati-Mukura) (Gatwaza & 

Wang., 2021). These parks are vital habitats for wildlife, and crucial biodiversity protection, and serve as key 

hydrological sources of Rwanda (Nyandwi, 2003). Forests and marshlands are widely recognized for their 

importance to water resources, as they harbor numerous springs and act like sponges, absorbing high rainfall 

and gradually releasing water during dry seasons (Ellison et al., 2018). For example, Gishwati-Mukura and 

Nyungwe National Parks are a part of the Congo-Nile divide catchments and significant tributaries to the Congo 

and Nile Rivers (Candula, A. 2021; Kisioh, H. 2015). Additionally, Nyungwe National Park is considered the 

hydrological center of Rwanda and supplies 70% of Rwanda's water (Nyandwi, 2023). 

Freshwater macroinvertebrates in Rwanda are distributed in rivers, ponds, lakes, swamps, and 

marshland, providing diverse habitats for a range of animal species like fish, mammals, invertebrates 

microscopic plankton (Moges, A. 2016). However, research in Rwanda has mostly primarily focused on fish 
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and mammals in different water bodies, likely due to their direct relevance to people’s lives and social and 

economic development (Olapade, 2010). This emphasis has left an important portion of aquatic fauna, such as 

freshwater macroinvertebrates less studied. However, they are indicators of stream health status due to their 

sensitivity(Barbosa et al., 2001). 

Freshwater macroinvertebrates are aquatic invertebrates visible to our naked eyes including snails, 

worms, crabs, beetles, insects, and many others (Cimpean et al., 2022). Their success relies heavily on habitat 

health and integrity, influencing factors like water quality, marginal vegetation, bottom substrate composition, 

channel structure, land use, and alterations (Shilla, D.,2012; Jun et al., 2011, Cortes et al.,2011). Changes to 

these elements can disrupt their communities and taxonomic richness, especially for pollution-sensitive 

individuals leading them to death which made them excellent water quality indicators (Mehrjo et al., 2020). 

 

II. Methods 
Study area description 

Our study was conducted within two distinct ecosystems: Nyungwe National Park and Rwasave 

marshland. Nyungwe National Park is a sprawling tropical montane rainforest located in the southwest of 

Rwanda, specifically at coordinates 2°17′–2°50′S and 29°07′–29°26′E. This park is integral to a mountain chain 

that contributes water to both the Congo River basin in the west and the Nile River basin in the northeast. 

Covering approximately 1019 km², Nyungwe National Park includes the Cyamudongo, a 4 km² natural forest 

located 10 km southwest of the main forest (Barakabuye et al., 2007). In contrast, Rwasave Marshland is 

situated in Southern Rwanda within the Huye District, approximately 2 km from Huye town. Adjacent to the 

Ruhande Arboretum forest and separated from Gisagara District by the Rwasave stream, Rwasave Marshland 

experiences various human activities such as aquaculture ponds, irrigated rice cultivation, tree nurseries, 

vegetable and crop cultivation, irrigated horticulture, and animal grazing (Munayneza et al., 2012). 

 

 
Fig.1. The Sampling Points Across NNP, Include Cyamudongo And Rwasave Sites. 

 

Data collection 

By using a 500µm mesh-size kick-net, freshwater macroinvertebrates were collected from a diverse 

range of habitats including marginal vegetation, bottom substrates, channels, and area under bank cuts, to 

ensure a comprehensive assessment of species diversity and relative abundance. Sampling was strategically 

conducted upstream, middle stream, and downstream with an interval of 60 meters between sampling points. 

For streams, the kick-net is positioned down to capture organisms by disturbing substrates and turning over 

stones up of the kick-net to dislodge organisms into the kick-net. Upon collection, the specimens were 

contained in the viol with 96% ethanol to maintain the integrity of the specimens for subsequent identification 

under a stereo-microscope. In addition, Rwasave marshland was a part of the streams sampled, and two ponds 

were randomly selected to be a part of the sample. The physical-chemical parameters of water were taken by 
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using the HANNA HI9829 Multiparameters device, to provide a detailed understanding of environmental 

conditions influencing the macroinvertebrate communities and other physical characteristics noted. 

 

III. Results 
Biodiversity distribution by taxonomic group 

During our survey, we found 17 families of freshwater macroinvertebrates in Nyungwe National Parks 

across 10 sampling points at different streams (Fig.3). Conversely, in Rwasave marshland, 16 families of 

freshwater macroinvertebrates were found across 2 streams and 2 ponds selected randomly (Fig.3). 

 

 
Fig.2. The distributions of freshwater macroinvertebrates’ families across various points from Nyungwe 

National Park 

Fig.2. The distributions of freshwater macroinvertebrates’ families across various points from Rwasave 

marshland 

 

Taxonomic comparison 

This study revealed that some freshwater macroinvertebrate families are present in both Nyungwe 

National Park (NNP) and Rwasave marshland, while others were specific to one part. The commonality families 

were Tipulidae, Psephenidae, Odonate-Zygoptera (Coenagrionidae), Odonata-Anisoptera (Gomphidae), and 

Potamonotidae. The exclusive presence of families from the order Trichopteras (Caddisflies) including 

Hydropshychidae, Pisuliidae, Leptoceridae, and Lepidostomatidae; Plecopteras (Stoneflies) with family 

Perlidae (one genus Neoperla), and various Ephemeropteras (mayflies)of familyHeptageniidae, Baetidae and 

Leptophebidae; and crab from family Potamonautidae found only in Nyungwe National Park. However, the 

Rwasave marshland exhibited a distinct set of families also unique to its environment, where the Odonata–

Anisoptera (Dragonfly) of family Libellulidea, Crayfish (Cambaridae), Ephemeroptera (Caenidae), 

Belostomatidae, Notonectidae, Naucoridae, Sanils of Thiaridae, Lymnaeidae and Planorbidae. 

 

Water parameters 

Numerous aquatic organisms exhibit a limited ability to thrive within specific water parameters. The 

temperature, dissolved oxygen (DO), turbidity, and other physical-chemical parameters contribute a lot to 

macroinvertebrates health (Nyambura&Abuyela, 202; Kannel&Lee, 2007).  The parameters are also important 

for shaping the ecological niches and overall health of aquatic life. For example, temperature is a key 

determinant of metabolic rate and reproductive cycles for aquatic organisms (Bonacina et al., 2023). For 

organisms that are often adapted to narrow temperature ranges, the deviation can lead to stress and reduction in 

reproductive success even mortality. Also, Dissolved oxygen (DO) levels are vital factors influencing the 

survival of freshwater macroinvertebrates. High DO levels are typically associated with healthy, well-water 

bodies and are essential for the respiration of most freshwater macroinvertebrates (Divrik et al., 2021). 

Conversely, low DO levels, often resulting from pollution or eutrophication, can create hypoxic conditions 

detrimental to freshwater macroinvertebrates, especially for higher pollution-sensitive. Again, turbidity is 

impacted by suspended particles like algae, silt, and organic materials. Elevated turbidity can diminish light 

penetration in the waterbodies impact photosynthesis in aquatic flora and algae, and can also obstruct the gills 
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of freshwater macroinvertebrates and other aquatic living organisms like fish by hindering their respirations 

(Van de Meuter et al., 2005). Other parameters such as pH and nutrient level can also contribute to the damage 

of water bodies. That is to say, the presence of certain levels of pH can also influence the toxicity of certain 

pollutants, however, higher nutrient levels lead to algal brooms and subsequent oxygen depletion(Mishra, 

2023). 

 

 
Fig.4. The variation of water parameters across different sampling points 

 

The study shows noticeable differences in water parameters between Nyungwe National Park and 

Rwasave marshland. Specifically, NNP streams mean dissolved oxygen is 7.09 and a saturation of 90.0%, 

contrasting to Rwasave marshland, which has dissolved oxygen of 6.98 and a saturation of 91.2%. Temperature 

shows a significant divergence between the two sites, where NNP has a mean temperature of 16.6
o
c, while 

Rwasave marshland exhibits a notably higher temperature mean of 26.28
 o

c. Additionally, turbidity levels vary 

markedly in NNP of 49.13 FNU turbidity mean, however Rwasave has 178.74 FNU, suggesting a higher 

elevated suspended particle in Rwasave marshland. The detailed highlights further b-variation in pH, dissolved 

oxygen, saturation, conductivity, and turbidity across the NNP and Rwasave marshland. 

 

 
Fig.5. Average in parameter between NNP and Rwasave marshland 

 

The similarities of macroinvertebrates between NNP and Rwasave marshland 

The Sorensen Similarity Index (CCs) is a measure that considers the number of species shared between 

two sites, providing insight into the degree of commonality between them. In this study, the findings show that 

the CCs are 0.43 between NNP and Rwasave marshland. That is to say, the commonality of freshwater 

macroinvertebrates is 43%. 
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IV. Discussion 
Human activities can significantly alter the physical and chemical characteristics of habitats, especially 

aquatic bodies. This leads to a detrimental effect on aquatic life due to the disturbances (Yin et al., 2022). The 

diversity and distributions of macroinvertebrates are closely linked to the water quality of the stream, as 

macroinvertebrates' survival is highly vulnerable to disturbances caused by land use and habitat destruction and 

alteration (Leroy&Marks, 2006). The distributions of freshwater macroinvertebrates live accordingly, where 

some are highly sensitive to pollution while others are tolerant (Aura et al., 2010). 

In NNP where human activities are less or none, 17 families recorded at high abundant including those 

pollution sensitive including stonefly (Perlidae), caddisfly (Cercostomatidae, Leptoceridae, and 

Hydropsychidae), and mayfly (Heptageniidae). Based on the parameters of high oxygen level, moderate 

temperature, pH, and low turbidity, conducive to the health and proliferation of macroinvertebrate species. In 

contrast, Rwasave marshland, subject to various human activities such as agricultural activities and aquaculture 

shows 16 families of freshwater macroinvertebrates and many of them are pollution-tolerant like snails 

(Thiariidae, Lymnaeidae) and somewhat tolerant pollution (Coenagrionidae, Libellulidae, and Caenidae). 

 

V. Conclusion 
This study demonstrates that the Natural Forest Streams of Nyungwe National Park, exhibit 

significantly higher family richness of freshwater macroinvertebrates compared to that of Rwasave marshland. 

Among the species, NNP contains many that are pollution-sensitive due to its well-managed, avoiding minimal 

human impact and the preserved natural environment. The reduction of human activities the important in 

protecting natural habitats to maintain ecological health and water quality. In contrast, the Rwasave marshland, 

which is subjected to extensive human activities such as agricultural activities and aquaculture involving fish 

feeding and the addition of chemicals to enhance algae and phytoplankton growth, introduces pollutants to 

water, thereby significantly reducing water quality and ecosystem health. These pollutants contribute to the 

reduction of pollution-sensitive freshwater macroinvertebrates and increase pollution tolerance. However, 

pollution-sensitive species are unable to survive in degraded conditions. This study highlights the detrimental 

impact of human activities on the aquatic ecosystem, emphasizing the urgent need to implement the sustainable 

reduction caused by human activities on freshwater ecosystems including Rwasave marshland. Adopting some 

methods of making agriculture sustainable and aquaculture practices, will contribute to the reduction of 

pollutants, and safeguarding ofnatural water resources. It is possible to improve water quality to support more 

diverse and resilient freshwater macroinvertebrate communities. This study also serves as a compelling 

reminder of the interconnectedness of ecosystem health and human activities, and they underscore the 

importance of concerted conservation efforts to preserve the biodiversity and ecological integrity of both natural 

and human-modified environments. 

 

Acknowledgment 

The authors express their profound gratitude to the administration of the Center of Excellence in 

Biodiversity and Natural Resources Management (CoEB) for their indispensable support and provision of 

essential infrastructure, which was crucial for the successful completion of this research. Additionally, heartfelt 

thanks are extended to the Rwasave Fish Farming Pond administration for their cooperation and facilitation, 

which greatly enhanced the practical aspects of this study. The authors also wish to acknowledge the University 

of Rwanda for its unwavering support, including access to necessary resources, academic guidance, and 

logistical assistance. The collaborative efforts and contributions of these institutions were instrumental in 

advancing the research and ensuring its successful execution, and the authors are deeply appreciative of their 

continued commitment to fostering scientific inquiry and environmental conservation. 

References 
[1] Aura, C. M., Raburu, P. O., & Herrmann, J. (2010). A Preliminary Macroinvertebrate Index Of Biotic Integrity For 

Bioassessment Of The Kipkaren And Sosiani Rivers, Nzoia River Basin, Kenya. Lakes & Reservoirs: Research & 

Management, 15(2), 119-128. Https://Doi.Org/10.1111/J.1440-1770.2010.00432.X 
[2] Barakabuye N., Mulindahabi F., Plumptre A.J., Kaplin B., Munanura I., Ndagijimana D. & Ndayiziga O. 2007. Conservation Of 

Chimpanzees In The Congo Nile Divide Forests Of Rwanda And Burundi. Report To Usfws For Project 98210-6-G095/Ga 

0282. 
[3] Barbosa, F. A. R., Callisto, M., & Galdean, N. (2001). The Diversity Of Benthic Macroinvertebrates As An Indicator Of Water 

Quality And Ecosystem Health: A Case Study For Brazil. Aquatic Ecosystem Health & Management, 4(1), 51-59. 

Https://Doi.Org/10.1080/146349801753569270 

https://doi.org/10.1111/J.1440-1770.2010.00432.X
https://doi.org/10.1080/146349801753569270


A Comparative Survey Of Freshwater Macroinvertebrates In Natural Forest Streams……… 

DOI: 10.9790/2402-1806015863                   www.iosrjournals.org                                          63 | Page 

[4] Bonacina, L., Fasano, F., Mezzanotte, V., & Fornaroli, R. (2023). Effects Of Water Temperature On Freshwater 

Macroinvertebrates: A Systematic Review. Biological Reviews, 98(1), 191-221.Https://Doi.Org/10.1111/Brv.12903 
[5] Candura, A. R. (2021). Building “Carto-Didactic Africa”: Cartography And Analysis Of Boundaries And Divisions. African 

Journal Of Humanities And Social Sciences.1(1), 1.Https://Doi.Org/10.51483/Afjhss.1.1.2021.1-15 

[6] Cîmpean, M., Șuteu, A. M., Berindean, A., & Battes, K. P. (2022). Diversity Of Spring Invertebrates And Their Habitats: A 
Story Of Preferences. Diversity, 14(5), 367. Diversity, 14(5).Https://Doi.Org/10.3390/D14050367 

[7] Cortes, R., Varandas, S., Teixeira, A., Hughes, S., Magalhaes, M., Barquín, J., ... & Fernández, D. (2011). Effects Of Landscape 

Metrics And Land Use Variables On Macroinvertebrate Communities And Habitat Characteristics. Limnetica, (30 (2)), 347-
362.Https://Doi.Org/10.23818/Limn.30.25 

[8] Divrik, M. T., Laçin, M. Ö., Kalkan, K., & Yurtoğlu, S. (2021). Determination Of Benthic Macroinvertebrate Fauna And Some 

Physicochemical Properties Of Kanak Dam Lake (Şarkışla–Sivas). Aquatic Sciences And Engineering, 36(1), 1-10. 
Https://Doi.Org/10.26650/Ase2020699151 

[9] Ellison, D. (2018). Forests And Water. Background Analytical Study, 2. 

[10] Gatwaza, O. C., & Wang, X. (2021). Mapping Of Biodiversity Hubs And Key Ecosystem Services As A Tool For Shaping 
Optimal Areas For Conservation. Plos One, 16(8), E0253151.Https://Doi.Org/10.1371/Journal.Pone.0253151 

[11] Jun, Y. C., Kim, N. Y., Kwon, S. J., Han, S. C., Hwang, I. C., Park, J. H., ... & Hwang, S. J. (2011, January). Effects Of Land 

Use On Benthic Macroinvertebrate Communities: Comparison Of Two Mountain Streams In Korea. In Annales De Limnologie-
International Journal Of Limnology (Vol. 47, No. S1, Pp. S35-S49). Edp Sciences.Https://Doi.Org/10.1051/Limn/2011018 

[12] Kannel, P. R., Lee, S., Lee, Y. S., Kanel, S. R., & Khan, S. P. (2007). Application Of Water Quality Indices And Dissolved 

Oxygen As Indicators For River Water Classification And Urban Impact Assessment. Environmental Monitoring And 
Assessment, 132, 93-110.Https://Doi.Org/10.1007/S10661-006-9505-1 

[13] Kisioh, H. (2015). Gishwati Forest Reserve. Three Years Interim Management Plan, 2018. 

[14] Leroy, C. J., & Marks, J. C. (2006). Litter Quality, Stream Characteristics And Litter Diversity Influence Decomposition Rates 
And Macroinvertebrates. Freshwater Biology, 51(4), 605-617.Https://Doi.Org/10.1111/J.1365-2427.2006.01512.X 

[15] Majoro, F., Wali, U. G., Munyaneza, O., & Naramabuye, F. X. (2023). Sustainability Analysis Of Soil Erosion Control In 

Rwanda: Case Study Of The Sebeya Watershed. Sustainability, 15(3), 1969.Https://Doi.Org/10.3390/Su15031969 
[16] Mehrjo, F., Hashemi, S. H., Abdoli, A., & Hosseinabadi, F. (2020). Taxonomy Of Benthic Macroinvertebrates In Jajrud River 

For Water Quality Assessment. Environmental Resources Research, 8(1), 1-10. 

[17] Mishra, R. K. (2023). Freshwater Availability And Its Global Challenge. British Journal Of Multidisciplinary And Advanced 
Studies, 4(3), 1-78.Https://Doi.Org/10.58489/2836-5933/004 

[18] Mizero, M., Maniriho, A., Bashangwa Mpozi, B., Karangwa, A., Burny, P., & Lebailly, P. (2021). Rwanda’s Land Policy 

Reform: Self-Employment Perspectives From A Case Study Of Kimonyi Sector. Land, 10(2), 117. 
Https://Doi.Org/10.3390/Land10020117 

[19] Moges, A. (2016). Flora And Fauna Composition And Development Of Plant-Based Monitoring Tool For The Improvement Of 

Ecosystem Services And Ecological State Of Wetlands Of Jimma Highlands, Ethiopia, Phd Thesis, Jimma University, Ethiopia 
[20] Munyaneza, O., Nizeyimana, G., Nsengimana, H., Uzayisenga, C., Uwimpuhwe, C., & Nduwayezu, J. B. (2012). Surface Water 

Resources Assessment In The Rwasave Marshland, Southern Rwanda. Nile Water Sci. Eng. J, 5(2), 58-70. 
[21] Ndayisaba, L., & Mihale, M. J. (2015). Seasonal Impacts Of Land Use Practices On Water Quality In Ngoma District, 

Rwanda. The African Resources Development Journal, 2(1), 59-76. 

[22] Nyambura Ndichu, N., & Abuyeka Tela, S. (2023). Analysis Of Spatial And Temporal Distribution Of Aquatic 
Macroinvertebrates In Relation To Selected Environmental Parameters Along Nairobi River, Kenya. Journal Of Geography, 

Environment And Earth Science International, 27(10), 66-80.Https://Doi.Org/10.9734/Jgeesi/2023/V27i10717 

[23] Nyandwi, Elias. "Landform Controls On The Distribution Of Forest Canopy Vascular Epiphyte In A Tropical Mountainous 
Rainforest Using Gis And Rs: Case Study Of Nyungwe National Park, South-Western Rwanda." Small 2250 (2010): 2500m. 

[24] Rukundo, E., Liu, S., Dong, Y., Rutebuka, E., Asamoah, E. F., Xu, J., & Wu, X. (2018). Spatio-Temporal Dynamics Of Critical 

Ecosystem Services In Response To Agricultural Expansion In Rwanda, East Africa. Ecological Indicators, 89, 696-705. 
Https://Doi.Org/10.1016/J.Ecolind.2018.02.032 

[25] Shareef, S., & Mushtaq, A. (2023). Wastewater Treatment By Photocatalysis: Approaches, Mechanisms, Applications, And 

Challenges. International Journal Of Chemical And Biochemical Sciences, 24(4), 278-286. 
[26] Shilla, D. J., & Shilla, D. A. (2012). Effects Of Riparian Vegetation And Bottom Substrate On Macroinvertebrate Communities 

At Selected Sites In The Otara Creek, New Zealand. Journal Of Integrative Environmental Sciences, 9(3), 131-150. 

Https://Doi.Org/10.1080/1943815x.2012.709868 
[27] Uwimana, A., Van Dam, A. A., Gettel, G. M., & Irvine, K. (2018). Effects Of Agricultural Land Use On Sediment And Nutrient 

Retention In Valley-Bottom Wetlands Of Migina Catchment, Southern Rwanda. Journal Of Environmental Management, 219, 

103-114.Https://Doi.Org/10.1016/J.Jenvman.2018.04.094 
[28] Van De Meutter, F., Stoks, R., & Meester, L. D. (2005). The Effect Of Turbidity State And Microhabitat On Macroinvertebrate 

Assemblages: A Pilot Study Of Six Shallow Lakes. Hydrobiologia, 542, 379-390.Https://Doi.Org/10.1007/S10750-005-4941-4 

[29] William, A. (2018). Smallholder Farmers, Environmental Change And Adaptation In A Human-Dominated Landscape In The 
Northern Highlands Of Rwanda.Https://Aura.Antioch.Edu/Etds/416 

[30] Yin, S., Yi, Y., Liu, Q., Luo, Q., & Chen, K. (2022). A Review On Effects Of Human Activities On Aquatic Organisms In The 

Yangtze River Basin Since The 1950s. River, 1(1), 104-119.Https://Doi.Org/10.1002/Rvr2.15 

https://doi.org/10.1111/brv.12903
https://doi.org/10.51483/afjhss.1.1.2021.1-15
https://doi.org/10.3390/d14050367
https://doi.org/10.23818/limn.30.25
https://doi.org/10.26650/Ase2020699151
https://doi.org/10.1371/journal.pone.0253151
https://doi.org/10.1051/limn/2011018
https://doi.org/10.1007/s10661-006-9505-1
https://doi.org/10.1111/j.1365-2427.2006.01512.x
https://doi.org/10.3390/su15031969
https://doi.org/10.58489/2836-5933/004
https://doi.org/10.3390/Land10020117
https://doi.org/10.9734/jgeesi/2023/v27i10717
https://doi.org/10.1016/J.Ecolind.2018.02.032
https://doi.org/10.1080/1943815x.2012.709868
https://doi.org/10.1016/j.jenvman.2018.04.094
https://doi.org/10.1007/s10750-005-4941-4
https://aura.antioch.edu/etds/416
https://doi.org/10.1002/rvr2.15

