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Modelling of a Spatial Distribution of the Species Richness of
Fishes, Plants, and Birds Using Environmental Factors on a
Wide-Ranging Scale'

- Focusing on the Major Drainage Systems in Japan -
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ABSTRACT

This study analyzed and modeled the relationships between the species richness of fish, plant, and bird and
environmental factors such as climatic and geographical variables based on data collected from 109 major
drainage systems in Japan from 1990 until 2005. As a result, the most parts of the distributions of the fish, plant,
and bird species richness were clarified by the average annual atmospheric temperature, dimension of drainage
areas, and annual rainfall, respectively. In addition, this study predicted the value of each organism species
distributed in national drainage areas in Japan using GAMs(Generalized Additive Models) for each organism
model created by environmental factors on a wide-ranging scale, and also mapped out the value. Mapping out
the predicted value could make it easier for its managers to newly set up the areas needing to be protected to
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obtain diversity of the organism species and to assess their availability of conservation for bio-diversity.

KEYWORD : SPATIAL-SCALE, BIODIVERSITY, LAND-USE, GAM, GIS
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Figure 1. (a) 109 major drainage systems, (b) Annual rainfall, (c) annual mean air temperature, and (d) proportion

of development in Japan
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Table 1. The summary of predictor variables used for the stepwise procedure for the GAMs of each species richness

95% Confidence interval for mean

Variable Mean SE Lower bound Upper bound Min. Max.
Watershed area 2203.05 276.12 667.23 2230.50 87.38 16840.31
Reach length 107.06 6.11 61.43 135.19 21.40 367.49
Mean elevation 435.05 23.85 290.51 493.38 43.57 1464.48
Annual rainfall 1629.37 43.55 1230.52 1947.37 685.84 2482.31
Annual temperature 10.79 0.29 8.90 12.87 3.47 16.043
Proportion of development 5.74 0.68 1.89 6.92 0.54 55.07
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(a) Fish species richness (b) Plant species richness (c) Bird species richness
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Figure 2. Box plots for 4 local areas(i.e. Hokkaido, Honshu, Shikoku, and Kyushu) of (a) fish species richness,

(b) plant species richness, and (c) bird species richness
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Table 2. Changes in deviance when dropping a variable from the final models of fish species richness, plant species
richness, and bird species richness. Percentage change in deviance is given in parenthesis as deviance
change/(null deviance - residual deviance) x 100. ns, not significant

Variable Fish species richness Plant species richness Bird species richness

Null deviance 1078 7081 393
Degrees of freedom(null model) 108 108 108
residual deviance 479 3089 196
Degrees of freedom(full model) 84 84 84
Deviance change

Watershed area 60 (9.9) 349 (8.7) 12 (6.0)
Reach length ns 92 (2.3) 16 (8.1)
Mean elevation 10 (1.7) 220 (5.5) 17 (8.6)
Annual rainfall 22 (3.7) 51 (1.3) 18 (9.4)
Annual temperature 78 (13.1) 307 (7.7) 11 (5.4)
Proportion of development ns 282 (7.1) ns
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Figure 3. The effects of the significant predictor variables on fish species richness (a-d), plant species richness
(e-j), and bird species richness (k-o0), as estimated by GAMs. The thin lines indicate plus and minus
two pointwise standard deviance
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Figure 4. Predicted value and observed value of fish species richness (a), plant species richness (b), and bird
species richness (c)
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