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Effects of land use on benthic invertebrate communities in the Yiluo River Basin 
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Abstract: The change of land use types and patterns has a significant impact on hydrological processes and river ecosystems. The Yiluo River is an important tributary of the middle reaches of the Yellow River.  It is of great importance to study effect of land use on the ecosystem in the Yiluo River Basin. Based on the spatiotemporal images of land use in the Yiluo River Basin in 2020, environmental data and benthic invertebrates were collected from the river sections dominated by forest land, cultivated land and town land from upper reaches to lower reaches of the Yiluo River. A total of 143 species of invertebrates were identified, belonging to 4 phyla, 7 classes, 22 orders and 75 families, including 123 arthropods, 13 mollusks, and 6 annelids. The results showed that: 1) Land use type had an important influence on the diversity of benthic community. The biodiversity in forest land was the highest, followed by that in cultivated land.  The biodiversity in town land was the lowest. 2) The total density and biomass of benthic animals was the highest in the cultivated land, followed by that in forest land. The total density and biomass of benthic animals was the lowest in town land. 3) The density and biomass of collector-gatherers and predators were the highest in the cultivated land, followed by the forest land. The density and biomass of collector-gatherers and predators were the lowest in the town land. The results will provide basic support for ecological protection and high-quality development along the Yellow River. 
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1 Introduction 

In recent years, the change of land use patterns has made a huge difference on hydrological processes and river ecosystems. Benthic animals play an important ecological role in aquatic ecosystem [1]. They feed on algae, leaves and other organic matter, and also provide natural food for fish and birds. They are an important group in the river ecosystem. They have limited migration ability and are easily affected by external environmental conditions [2]. So they are often used as indicators to reflect the health status of aquatic ecosystems [3].
The effects of land use on river ecological environment mainly include sediment, TN, TP, COD and other environmental factors, which have a significant effect on benthic community [4]. Some studies have shown that forest land, especially virgin forest, has the best environment and the highest biodiversity [5]. In highly polluted areas, the density of sensitive species decreased and that of tolerant species increased [6]. Generally, the diversity, density and biomass of benthic animals in urban reaches are low. The order of biodiversity, richness and EPT of benthic invertebrates from high to low was forest land>cultivated land> residential area>city land [7].
The Yiluo River is an important tributary of the middle reaches of the Yellow River. Study of local land use and its impact on community of benthic animals is of great significance not only to the ecological environment protection, but also to the economic and social development of the Yellow River basin. The field investigations of river environment and invertebrates of the Yiluo Rivers were conducted in October 2020 and April 2021. The results will provide basic support for ecological protection and high-quality development along the Yellow River.
2 Study Area
The Yiluo River (33°34'~35°4'N, 111°7'~112°58'E) is composed of the Yi River and the Luo River, with a total length of about 447 km and a drainage area of about 18,600 km2. It is located in the boundary zone between temperate zone and north subtropical zone. The annual average temperature in this area is 14.6℃, and the annual average precipitation is 600 mm. The upper reaches of the river are rocky mountainous areas with good vegetation, while the lower reaches are covered by loess, with sparse vegetation and more serious soil erosion than the upper reaches. Due to its special geographical location, the ecological environment of the Yiluo River basin is complex and fragile. 
Figure 1 gives the study area and sampling sites. A total of 16 sampling sites were set up, including 8 sampling sites in the Yi River and its tributaries (3 sampling sites in the forest land section, 3 sampling sites in the cultivated land section and 2 sampling sites in the town land section) and 8 sampling sites in the Luo River and its tributaries (3 sampling sites in the forest land section, 3 sampling sites in the cultivated land section and 2 sampling sites in the town land section). In this study, 32 sets of samples were collected from the above sites in October 2020 and April 2021.
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Figure 1. Study area and sampling sites
3 Results
3.1 Diversity of Benthic invertebrates
The Shannon-Wiener index and Margalef richness index of different sampling sites in the Yiluo River Basin are shown in Figure 5. The diversity of benthic animals in the Yiluo River Basin showed significant spatial differences. The mean value of Shannon-wiener index was 1.79, and the maximum value was 2.86 (L中2). The mean value of Margalef richness index was 3.11, and the maximum value was 5.23 (L中2*). On the whole, land use type had an important influence on the diversity of benthic community. The biodiversity in forest land was the highest, followed by that in cultivated land.  The biodiversity in town land was the lowest.
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(a) Shannon-Wiener index                                                 (b) Margalef richness index
Figure 2. Spatial distribution of Shannon-Wiener index and Margalef richness index in the Yiluo River Basin
3.2 Density and biomass of each taxonomic group
Figure 3 shows the density and biomass of each taxonomic group of invertebrates in the Yiluo River Basin. The total density and biomass of the benthos in the upper reaches of the Yiluo River were 301 ind./m² and 1.86 g/m², respectively. Arthropods were the dominant group, accounting for 73.28% and 91.87% of the density and biomass. The total density and biomass of the benthos in the middle reaches of the Yiluo River were 585 ind./m² and 4.22 g/m², respectively. The density and biomass of arthropods accounted for 90.8% and 58.7%. The total density and biomass of benthos in the lower reaches of the Yiluo River were 158 ind./m² and 0.56 g/m², respectively. The density and biomass of arthropods accounted for 69.6% and 21.2%.
On the whole, the density of benthos and arthropods was the highest in the middle reaches, the second in the upper reaches and the lowest in the lower reaches. The biomass of benthos and arthropods was the highest in the middle reaches, followed by the upper reaches. The biomass of benthos and arthropods was the lowest in the lower reaches.
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(a) Density                                                                (b) Biomass
Figure 3. Density and biomass of each taxonomic group of invertebrates in the Yiluo River Basin

3.3 Density and biomass of each functional feeding group 
Figure 4 gives density and biomass of each functional feeding group of invertebrates in the Yiluo River Basin. The density of scrapers was the highest in the forest land (58 ind./m², 26.0% of the total density). The density of collector-filterers was the highest in the cultivated land (275 ind./m², 48.4% of the total density). The density of scrapers in the town land was the highest (44 ind./m², 27.9% of total density). The biomass of predators was the highest in the forest land (1.703 g/m2, 48.6% of total biomass). The biomass of collector-filterers was the highest in the cultivated land (3.063 g/m2, 37.2% of total biomass). The biomass of predators was the highest in the town land (0.422g /m2, 37.8% of total biomass).
On the whole, the density and biomass of collector-gatherers and predators were the highest in the cultivated land, followed by the forest land. The density and biomass of collector-gatherers and predators were the lowest in the town land. The density and biomass of collector-filterers were the highest in the cultivated land. The density of collector-filterers in the forest land was higher than that in the town land, while the biomass in the forest land was lower than that in the town land.
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    (a) Density                                                                               (b) Biomass
Figure 4. Density and biomass of each functional feeding group of invertebrates in the Yiluo River Basin
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