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ABSTRACT

Land use is a critical factor that affects the hydrological characteristics of watersheds, thereby
determining the biological condition of streams. This study analyzes the effects of land uses in the
watersheds on biological indicators of streams across the Han River basin using a linear model (LM)
and generalized additive model (GAM). LULC and biological monitoring data of streams were
obtained from the Korean Ministry of Environment. The proportions of urban, agricultural, and forest
areas in the watersheds were regressed to the three biological indicators, including diatom, benthic
macroinvertebrate, and fish of streams. The estimated LM and GAM models for the biological

indicators were then compared, using regression determination R’ and AIC values. The results revealed
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that GAM models performed better than the LM models in explaining the variances of biological

indicators of streams, indicating the non-linear relationships between biological indicators and land uses

in watersheds. Also, the results suggested that the indicator of macroinvertebrates was the most

sensitive indicator to land uses in watersheds. Although non-linear relationships between watershed

land uses and biological indicators of streams could vary among biological indicators, it was consistent

that streams’ biological integrity significantly deteriorated by a relatively low percentage of urban

areas. Meanwhile, biological indicators of streams were negatively affected by the relatively high

percentage of agricultural areas. The results of this study can be integrated into effective quantitative

criteria for the watershed management and land use plans to enhance the biological integrity of

streams. In specific, land uses management plans in watersheds may need more close attention to urban

land use changes than agricultural land uses to sustain the biological integrity of streams.
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Figure 1. Study area and sampling sites of National
Aquatic Ecological Monitoring Program
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Figure 2. Boxplots of variables including LULC, and biological indicators
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Table 1. Estimated LM and GAM models for TDI, BMI and FAI

Model  Variables Linear Model

Generalized Additive Model

estimate t-value F-value edf F-value
TDI Intercept 47.78 9.25™** 150.7*
Urban -0.19 -2.28** 7.69 5.54**
Agri. 027 3385 7.87 3.80%*
Forest 0.34 5.86™** 8.40 1.58
BMI Intercept 48.76 12.75%** 369.5%**
Urban -0.24 -3.83%* 7.69 4,62
Agri. 024 405" 7.87 5.07%
Forest 041 9.62™** 8.40 6.87"*
FAI Intercept 35.52 7.65"** 271.8%
Urban -0.19 -2.57* 7.69 4.64™**
Agri. -0.13 -1.90* 7.87 3.38**
Forest 0.49 9.37"** 8.40 487"

**p<0.001, ¥p<0.01, *p<0.1.
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Figure 3. Estimated smooth function and 95% confidence interval (CI, shaded areas) of watershed land use on

TDI: (a) urban area, (b) agricultural area, (c) forest area.
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Figure 5. Estimated smooth function and 95% confidence interval (CI, shaded areas) of watershed land use on
FAL: (a) urban area, (b) agricultural area, (c) forest area.
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Table 2. Performance indicators of LM and GAM models. The higher value of R2 and lower values of AIC
indicate better performance of the estimated models.

criter TDI BMI FAI
riteria M GAM LM GAM LM GAM

Adjusted R2 031 035 0.52 0.55 045 048
AIC 8790.33 8754.98 8196.72 8160.90 8578.84 8538.65
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