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Abstract 

This study focuses on model ling community productivity, species abundance and 

richness, and the impact of climate change and alternative phosphorous ferti l iser 

application strategies on pasture productivity by integration of decision tree and 

regression model ling approaches with a geographical information system (GIS) in  a 

naturalised hi ll-pasture ecosystem in the North Island, New Zealand, using data derived 

from research conducted on hi l l-pastures over the last several decades. 

The results indicated that the decision tree models had a high predictive capability 

and clearly revealed the relative importance of environmental and management factors 

in influencing community productivity, species abundance and richness. Spring rainfall 

was the most significant factor influencing annual pasture productivity in the North 

I sland, while hi l l  slope was the most s ignificant factor influencing spring and winter 

p asture productivity. Annual P fertiliser input and autumn rainfal l  were the most 

significant factors influencing summer and autumn p asture productivity, respectively. 

For species functional group abundance, soil Olsen P was the most significant factor 

influencing the relative abundance of low fertility tolerance grasses (LFTG) and moss, 

while soil bulk density, slope and annual P fertil iser input were the most s ignificant 

factors influencing the relative abundance of legume, high ferti l ity response grasses 

(HFRG) and flatweeds, respectively.  Legume abundance was the most significant factor 

influencing species richness in the hil l-pasture. Species richness increased with an 

increase in legume abundance and showed a tendency for a hump-shaped response. 

Grazing animal species also had a significant effect on species richness; pasture grazed 

by sheep had more species than pasture grazed by cattle. C limate change scenarios of 

temperature increases of I -2°C and rainfall changes of -20% to +20% would have a 

great impact (-46.2% to +5 1 .9%) on pasture production in the North I sland. Pasture in 

areas with relatively low rainfal l  had a higher response to increased P fertil iser input 

than pastures in areas with a relatively high rainfall .  

In conclusion, the integration of a GIS with decision tree and regression models  in 

this study provided an approach for effective predictive model l ing of community 

productivity, species abundance and richness in the h i ll-pasture. This modell ing 



approach can also be used  as a tool in  pasture management such as in assessing the 

impact of cl imate change and alternative ferti liser management on pasture production. 

Key words: cl imate change, community productivity, data mining, decision tree, 

functional group, hill-pasture, geographical information system, GIS-based modelling, 

multivariate analysis, pasture production, predictive model ling, regression, relative 

abundance, species richness. 
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between the P ferti liser input scenarios and the normal scenario) (i-j) ,  for 

the North Island. The white areas on the map are forest. Note the 

different scales in the map key . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 6 
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Fig. 1 .  Study area, digital e levation model (DEM) and the four farmlets used in 

model validation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 30 

Fig. 2 .  Diagram of the procedures for generating the model predictions in GIS.  

The rectangles in the GIS environment area represent the GlS map 

layers. The arrows indicate the orders and the resources in developing 

the predictions of relative abundance of the functional groups in GlS.  

Names of input variables and their description are in Table 2 . . . . . . . . . . . . . . . . . . . . . . . . .  1 34 
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Fig. 3 .  The decision tree model for relative abundance of high ferti lity response 

grasses (HFRG). Predicted relative abundance (in percentage) is in the 

unshadowed rectangles, splitting variables and spli t-points are In the 

shadowed rectangles. Prediction goes to the left-side branch if the 

splitting variable is less than the split-point, and goes to the right-side 

branch if the splitting variable is equal to, or more than, the spl it-point. 

See Table 2 for variable symbols and unit descriptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 36 

Fig. 4. The decision tree model for relative abundance of low ferti lity tolerance 

grasses (LFTG). See the caption of Figure 3 for the description of 

decision tree interpretation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 37 

Fig. 5 .  The decision tree model for relative abundance of flatweeds. See the 

caption of Figure 3 for the description of decision tree interpretation . . . . . . . . . . . . .  1 3 8  

Fig. 6 .  The decision tree model for relative abundance of legume. See the 

caption of Figure 3 for the description of decision tree interpretation . . . . . . . . . . . . .  1 39 

Fig. 7. The decision tree model for relative abundance of moss. See the caption 

of Figure 3 for the description of decision tree interpretation . . . . . . . . . . . . . . . . . . . . . . . . .  1 40 

Fig. 8 .  The responses of functional groups HFRG, LFTG, legume, moss and 

flatweeds to Olsen P and slope gradients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4 1  

Fig. 9 .  Map layers of predicted relative abundance (%) for high ferti l ity 

response grasses (HFRG), low fertil ity tolerance grasses (LFTG), 

legume, moss and flatweeds. Note the different scales on map legends . . . . . . . . . .  1 42 

Fig. 1 0. The predicted 101 and the observed. relative abundance of the 

functional groups in the farm lets LL, LN, HN and H H .  Bars indicate the 

95% confidence interval of the observed relative abundance means. Note 

the different scale on the y-axis for LFTG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 43 
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Fig. 1 .  The decision tree model for species richness using the environmental, 

management and vegetation variables. Predicted species richness is in  

the unshadowed rectangles, splitting variables are in the shadowed 

rectangles. Prediction goes to the left-side branch if the spli tting variable 

i s  less than the split-point, and goes to the right-side branch if the 
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spl i tting variable is equal to, or more than, the split-point. See Table 1 

for variable and unit descriptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 59 

Fig. 2 .  The decision tree model for species richness using principal components 

as input variables. Princ 1 ,  Princ 4 and Princ 5 represent principal 

components 1 ,  4 and 5, respectively. The splitting points are values of 

principal components. Princ 1 was mainly composed of annual, spring 

and surnn1er temperature (all negative), and spring and summer rainfall . 

Princ 4 was mainly composed of total N (negative), slope and legume 

abundance. Princ 5 was mainly composed of annual P fertiliser input and 

legume abundance. See the caption of Figure 1 for the description of 

decision tree interpretation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 60 

Fig. 3 .  The decision tree models for species richness using total n itrogen (a), 

Olsen P (b), grazing animal species (c), legume abundance (d), 

aboveground biomass (e) and five-year cumulative P ferti liser input (t) 

as input variables, respectively .  See the caption of Figure 1 for the 

description of decision tree interpretation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 1  

Fig. 4. Responses of species richness to soi l total N ,  soil Olsen P, aboveground 

biomass, legume abundance, and principal components I ,  4, and 5 . . . . . . . . . . . . . . . .  1 62 
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