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Global plant characterisation and distribution with evolution
 and climate.
 James Furze1, Quanmin Zhu1, Feng Qiao2, Jennifer Hill1
 1Faculty of Environment and Technology University of the West of England
 Frenchay Campus, Coldharbour Lane Bristol, BS16 1QY, UK
 2Faculty of Information and Control EngineeringShenyang Jianzhu University
 9 Hunnan East Road, Hunnan New DistrictShenyang, 110168, China
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Introduction
 Primary objectives:• to identify and unify plant species
 characteristics and distribution of plant species in terms of strategies, life forms and metabolic types to provide inferences of climatic systems and for trophic levels of organisation.
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Species-Area Relationship (*Arrhenius, 1921)
 • (1)• Where S refers to the number of species; c is
 an environmental constant specific to the area; A refers to the area and z is a taxon specific constant.
 • *Referenced within Furze et al. (2013d)
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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• To estimate what the values of c and z are from our data we take logarithms of both sides of the equation:
 • (2) • (3)
 • (4)
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 zcAS
 )log(log zcAS
 logS logc log Az
 log S z log A logc
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• (5)
 • (6)
 • Testing the significance of the relationship of species with area is simple. We derive the following 2 tailed t-test:
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 y mx b
 zcAS
 (m(z)) 0.00717939
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• (7)
 • where r is the regression correlation, N is the number and 2 is the degrees of freedom.
 • (8)
 • The gradient of the linear curve shows a positive relationship between area and species numbers, but the correlation of 0.19 is insignificant at P=0.05.
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 zcAS
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Rejection of the species-area theory• The conclusion is made that the variation in species numbers cannot be explained by the increase in area, even when
 incorporating estimations of changes in environmental conditions (interpreted logarithmically from the intercept) and the rate of increase due to the species present (interpreted from the gradient of the regression line). Such a conclusion with the use of a single graph is unusual, however the points on the graph each represent multiple interfaces and data built up, in the highest cases by in excess of 65000 individuals. Although the results show that a species-area relationship could be used as an indicator of ecological processes they do not specify the ecological processes themselves in an informative model.
 • Various authors have made an effort to explain the nature of ecological processes in different terms, namely MacArthur and Wilson* (1967) and Simberloff *(1974), who considered the island biogeography theory (summarizing the species extinction rate decrease due to large areas supporting greater population totals which are less susceptible to random extinction). The habitat diversity hypothesis, covered with relation to equatorial areas of high diversity (*Barthlott et al., 2005) illustrated how larger areas have greater diversity of habitats each with their own sets of species (*Jetz et al., 2009; *Kier et al., 2009).
 • Succession development describes how larger islands possess more stages of community succession development, inferring that the SAR is shaped by competitive interaction of life-cycle history strategies of species within stages of succession. Kreft and Jetz* (2007) clearly show that there are multiple factors involved in global patterns of plant diversity and Kraft and Ackerly* (2008) explain the importance of developing perspectives of functional traits related to species niches in community assemblies in complex ecosystems.
 • Although previous work of the species-area relationship enables us to build up a clearer view of ecological processes and community assemblies, criticism of previous studies is that they make use of isolated cases, distorted statistical views, or largely unknown ‘black-box’ methods of describing the processes they cover. This weakness may be dealt with by differentiation of the species-area relationship into different categories of modelling elements in a more information-rich modelling of plant species, this novel application is taken in this project with the context of all plant species using the water-energy hypothesis (Hawkins et al., 2003*) as justification for differentiation of plants into groups distributed in a non-linear fashion.
 • * Authors are referenced within Furze et al., 2011; Furze et al., 2012a; Furze et al., 2012b ; Furze et al., 2013g
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Information-rich modelling of plant species
 • What are the variables that we need to model in order to construct algorithms to ordinate the occurrence of plant species?
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Water
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November

Page 12
                        

Energy
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Page 14
                        

Water – Energy Dynamic
 • The distribution of water and energy on a global scale.
 • At low latitudes (south of the equator) water is seen to be more important for high species numbers.
 • At higher latitudes energy is seen to be more important for high species numbers.
 • We examine the importance of this dynamic for plants as both water and energy are involved in physiological (and metabolic) processes in plants.
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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300 000+ Plant Species- what are the categories?
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 • Competitive (C)High potential growth rate, tall stature, vigourous above / below ground
 • Stress Tolerant (S)Low growth rate, high storage of minerals (not edible), multilayered canopies
 • Ruderal (R)High growth rate, short life, early onset of reproduction, small stature, various canopy forms
 • Pure / combined strategies:(C); (C-R); (S); (S-R); (R); (C-S); (C-S-R)
 Some examples: Competitive Plant Species

Page 16
                        

Phalaris arundinacea - Reed Canary Grass, UK, 2012
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Chamerion angustifolium - Rosebay Willow Herb, UK, 2012
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Pinus sylvestris - Scotts Pine, UK, 2012
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Stress Tolerating Species
 • Species shown specific to the stress they tolerate (further examples of species and conditions are available)
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Koeleria macrantha - Crested Hair Grass (Calcium Rich Soils), Spain, 2012
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Juncus squarrosus - Heath Rush (Acidic Soils), Spain, 2012
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Sanicula europaea - Wood Sanicle (Shaded Habitats), Northern Turkey, 2012
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Ruderal Species
 • The most opportunistic!
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Matricaria matricariodes - Pineapple Weed, Macedonia, 2012
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Stellaria media – Chickweed, UK, 2012
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Polygonum aviculare – Knotgrass, UK, 2012
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Figure 3. Computer Simulated Competitors, Stress Tolerators, Ruderal Species taken from Bornhofen et al., 2011* (*Furze et al., 2013b)
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November

Page 28
                        

Photosynthetic types
 • 3 Carbon (C3)Plants which contain 3 carbons (3-Phosphoglyceric acid) as the first product of photosynthesis
 • 4 Carbon (C4)Plants which contain 4 carbons (eg. Malate) as the first product of photosynthesis
 • Crassulacean Acid Metabolism (CAM)First seen in the Crassula family
 Plants which store acidic compounds (e.g. Malate) in vacuoles for breakdown during the day, photosynthesis occurs at night
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Ulmus minor subsp. minor - Elm (East Somerset, UK 2013), C3
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Leymus chinensis - Chinese Lyme Grass (Eastern Mongolia 2013), C3
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Sesuvium portulacastrum – Fig Marigold (Cuba 2013), C4
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Euphorbia pulcherrima – Poinsetta Spurge (Cuba 2013), C4
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Agave americana - Century plant (Greece 2013), CAM
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Crassula ovata – Jade plant (Macedonia 2013), CAM
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Plant primary metabolic types
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 Photosynthetic types
 C3 C4 CAM
 Stomata open during the day
 Yes
 Yes
 No
 Photosynthetic enzyme
 RUBISCO PEPCO PEPCO
 Inhibition of photosynthesis by oxygen
 Yes No Yes during the day No at night
 Seperation of photosynthetic process
 None Spatial Temporal
 Adapted climate Cool, Moist Warm, Moist-Dry Hot, Dry
 Table 1. Photosynthetic types
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Plant life-forms• i) Phanerophytes are plants with ‘growing buds’ on above ground parts of the plant and are of
 three types: a) evergreen phanerophytes with bud scales; b) evergreen phanerophytes without bud scales; c) deciduous phanerophytes with bud scales. Phanerophytes are further divided according to height: Mega- (>30m); Meso- (8-30m); Micro- (2-8m); Nano- (<2m).
 • ii) Chamaephytes are plants with growing buds above ground, always below 2m. There are woody and herbaceous types. Chamaephytes are broken into: a) Suffruticose- (after the main growth period upper shoots die, only lower parts of the plant remain in ‘unfavourable’ period); b) Passive- (in unfavourable conditions upper shoots become procumbent, protecting from environmental stresses); c) Active- (shoots only produced along the ground and remain so); d) Cushion- (similar to passive type but shoots are so closely packed together they form a ‘cushion’).
 • iii) Hemicryptophytes are plants of which all above ground parts die back in unfavourable conditions and buds are borne at ground level. Hemicryptophytes are further divided into: a) Proto- (leaves are well developed up the stem of the plant, partially developed leaves protect growing buds); b) Partial-rosette- (developed leaves form a rosette at the base of the plant, the following year a long aerial shoot may grow); Rosette (leaves restricted to a basal rosette, long exclusively flower bearing aerial shoot forms).
 • iv) Cryptophytes are plants with buds or shoot tips surviving below ground or water. Cryptophytes are divided into: a) Geophyte- (underground organs such as bulbs, rhizomes, tubers, shoots emerge in growing season); b) Helophyte (growing buds are in soil or mud under water producing shoots above water); c) Hydrophyte- (buds lie under water, unfavourable period spent completely below water).
 • v) Therophytes are annual plants, which survive the unfavourable period as seeds, completing their life cycle in the summer months.
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Information Rich Modelling of plant strategies
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 Variable Water/Energy factor
 Cloud Cover Water/Energy
 Ground Frost frequency Water/Energy
 Maximum Temperature Energy
 Mean Temperature Energy
 Minimum Temperature Energy
 Precipitation Water
 Vapour Pressure Water
 Wet Day frequency Water
 Altitude N/A
 Table 2. Water-Energy and altitude variables considered for strategy modelling of plant species variation
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Fuzzy Logic – General Scheme
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 Figure 4. General scheme of fuzzy logic
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Information-rich modelling of plant species
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 • If A then B or alternatively
 • (9)
 • Fuzzy singletons are climatic and elevation values
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Initial algorithm formation
 • 2 basic types of Fuzzy Logic: Mamdani systems and Takagi-Sugeno-Kang (T-S-K) systems.
 • Basic difference is that Mamdani systems receive unspecified ranges in their input data
 • T-S-K systems receive specified ranges and are therefore seen as more accurate and therefore provide the basis for further techniques
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Information rich modelling
 • Our first paper worked on the species-area relationship and proposed an ‘information rich modelling of plant species variation’, the basic model of which is shown below:
 • Figure 5. Fuzzy logic based classification of environments containing plant species.
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Information-rich solutions
 • The basic fuzzy logic system of Figure 5 is a solution as to how we may model the occurrence of the 7 plant strategy environments. This model was formed using low-resolution variables, (exemplified in Figure 6) on a global scale at 10-minute (approximately 20km depending on location) spatial resolution. It is postulated that we may form an approximation of environment type from the above 8 climatic variables (water and / or energy factors) and discretely ranged altitude data. However, the above model does not easily enable us to accurately specify the ranges, which may provide a unified statement or algorithmic base.
 • The basic model is described in terms of linguistic fuzzy predicates and gives a vague description of the conditions which best suit a strategy of plant growth. The proposed model effectively combines knowledge base and expert knowledge. Development of the current model enables us to make use of the Water-Energy based patterning of variation (Hawkins et al., 2003*), used here to determine plant strategies (Grime et al., 1995*). For this purpose rules are generated in the FIS: for example IF P is high AND MeanTemp is high AND CC is medium AND A is Low to Medium THEN E1.
 * Referenced within Furze et al., 2011
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Figure 6. Example low resolution climatic data
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Block diagram showing stages of model formation
 Figure 7. Model formation (Mamdani type)
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Steps of model formation
 1. Data were selected to define model parameters.2. The spread of numerical data and the total number of variables were defined.3. The minimum number of key parameters required to build the model was determined.4. Units and partitions within the data used were identified and concise linguistic description
 was made.5. Linguistic description of the data to give fuzzy description of each variable and the fuzzy
 consequences for each plant strategy/environment (E1 to E7) were defined.6. Seven estimates of the total number of individual plant occurrences found in each example
 geographic location, chosen at random from amongst areas containing more than 3000 plants per 10000 km2, were made to infer E1 to E7.
 7. Model parameters were numerically quantified.8. Algorithmic instruction of E1 to E7 was constructed.9. Plant life-history strategies with respect to the total number of individual plants were
 conceptually illustrated. The conceptual plot was undertaken using the contour plot element of Matlab (version R2010a ©)
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Algorithmic Framework
 • 9 variables (shown in Table 2) were reduced to 4 key variables in order to facilitate modelling of strategies. These variables were mean ground frost frequency (chosen for its effect in terms of disturbance), mean precipitation (chosen as the key water related variable), mean temperature (chosen as the key energy related variable) and altitude. Altitude was used as it is key in the water-energy modelling of plant species, there being a different effect of both water and energy on species composition at different elevations.
 • The algorithmic framework was as follows:
 • IF A1(n) – A1(n) AND A2(n) – A2(n) AND A3(n) – A3(n) AND A4(n) – A4(n) THEN B(n) = E1, …, E7 (10)
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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An example environment (data taken at 18.5km resolution)
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 Figure 8. Quarterly climatic data representing the water energy dynamic used for algorithmic statements for Mexico, mean temperature, 1961-90
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An example environment (data taken at 18.5km resolution)
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 Figure 9. Quarterly climatic data representing the water energy dynamic used for algorithmic statements for Mexico, mean precipitation, 1961-90
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An example environment (data taken at 18.5km resolution)
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 Figure 10. Quarterly climatic data representing the water energy dynamic used for algorithmic statements for Mexico, mean ground frost frequency, 1961-90
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An example environment
 • Algorithmic preparation
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 Variable Unit Percentage
 Mean Ground Frost frequency 0.3 Days
 Mean Precipitation 5 Kg m-2
 Mean Temperature 0.7 Celsius
 Altitude 68.3 m
 Table 3. Unit percentages of key water-energy modelling variables
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An example environment
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 Table 4. Partitions for climatic and topographic variables
 Variable Low (1) Low-Med (2) Med (3) Med-High (4) High (5)
 MT (%) 0-20 20-40 40-60 60-80 80-100
 MP kg m2 0-100 100-200 200-300 300-400 400-500
 GFF (days) 0-6 6-12 12-18 18-24 24-30
 Altitude (m) -30 - 1366 1366 - 2732 2732 - 4098 4098 - 5464 5464 - 6830
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An example environment
 • Algorithm for example environment of Mexico (E1)
 (11)
 - Temperature = 40-60 % to 80-100 %- Precipitation = 0.5 x 0-100 Kg m2 to 200-300 Kg m2, 0.5 x 0-100 Kg m2 to 400-500 Kg m2
 - Ground Frost frequency = 0.25 x 0-6 days to 24-30 days, 0.5 x 0-6 days to 12-18 days, 0.25 x 0-6 days to 0-6 days
 - Altitude = -30-1366 m to 5464-6830 m THEN Environment 1 (B) = >51847
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 144325.03
 325.0225.0225.011
 )65535()5()1()1()3(
 )1()5()1()3()1()5()4(
 EThenBAAAA
 AAAAAAIfA
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Summarising Mamdani systems of plant species environments 1-7*.
 • Environment 1 (Ruderal) >51847 (e.g. Mexico, Central America). • Environment 2 (Stress-tolerant to Ruderal) >50700 (e.g. Guyana, South America) • Environment 3 (Stress-tolerant to Ruderal, Competitive to Ruderal) >33356 (e.g. Cuba) • Environment 4 (Competitive to Ruderal, Competitive) >11355 (e.g. Democratic Republic
 of the Congo, Africa) • Environment 5(Competitive to Stress-tolerant to Ruderal, Competitive to Stress-
 tolerant) >8805 (e.g. Georgia, Eastern Europe) • Environment 6 (Competitive to Stress-tolerant) >2203 (e.g. Guinea, Africa; Azerbaijan,
 Europe)
 • Environment 7 (Stress tolerant) >0 (e.g. Macedonia, Southern Europe).
 *For full description and justification of algorithms see Furze et al., 2012aPresented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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From Mamdani to Takagi-Sugeno Kang
 • The basic model used a Mamdani form of fuzzy logic, using broad ranges of input data and non-specific ranges of numerical consequence.
 • Basic process of building a T-S-K system for plant strategies:
 1 Define fuzzy inference system type (Sugeno for defined output type) variable names
 2 Define membership functions of each variable3 Define rules, weights in the interval [0 1] according to algorithm4 Examine (adaptive neuro fuzzy/Sugeno) logic structure and modify as
 necessary5 Test rules through data input6 Display 2D and 3D views of resultant surface in order to graphically display
 the algorithm (efficiency).
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Improved characterisation using T-S-K system modelling, example environment (Guyana, E2).
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 • Guyana quarterly mean 1961-90 precipitation at 10 minute (18.5km) resolution taken at monthly intervals (increased temporal resolution).
 • Use of increased spatial resolution digital elevation model (DEM) data of GTOPO30, data taken at 30 second (1km resolution), exemplified in Figure 11.
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Figure 11. Guyana DEM / topography at 30 second (1km) resolution.
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Explaining antecedent data of T-S-K modelling for plant strategies
 • Figure 11 is a digital elevation model (DEM) representation of Guyana, situated between latitude 60° – 55° West, longitude 0° – 7.5° North with an elevation from 0 – 1500 metres above sea level. Sea level is shown in blue, low elevation is in dark green and low-medium elevation in lighter green to white.
 IF Variables A = Mean temperature = 80 – 100 % to 80 – 100 % (A1(5))
 Mean precipitation = 0.75 0 – 100 kg m2 (A2(1)) to 200 – 300 kg m2 (A2(3)), 0.25 0 – 100 kg m2 (A2(1)) to 300 – 400 kg m2 (A2(4))
 Mean ground Frost frequency = 0 – 6 days to 0 – 6 days (A3(1))
 Altitude = –30 – 1366 m (A4(1)) to 1366 – 1500 m (A4(2))
 THEN B(51847) = E2
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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T-S-K Algorithm for Guyana (E2)
 • Antecedents and consequences of the previous slide enable construction of the following concise algorithm:
 • (12)
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 24433
 2225.02275.011
 )51847()2()1()1()1(
 )4()1()3()1()5()5(
 EThenBAAAA
 AAAAAIFA
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Table 5. Categorisation of environments and plant life-history strategies using T-S-K Fuzzy Logic
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 Environment Plant life-history
 strategy
 Example location / number of individuals
 1 R Mexico / 51857 – 65535
 2 S-R Guyana / 50700 – 51847
 3 S-R / C-R Cuba / 33356 – 50700
 4 C-R / C Democratic Republic of the Congo / 11355
 – 33366
 5 C-S-R / C-S Georgia / 8805 – 11355
 6 C-S Guinea / 2203 – 8805
 7 S Macedonia / 0 – 2203
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Implementation of T-S-K fuzzy logic to predict individual species occurrence, simulation formation.
 • The example of Guyana (E2), concisely described by the root algorithm of (12) is used here to show how the simulation engine was built. (12) expands into the following 10 rules:
 1 If (temperature is high) and (GFF is low) then (strategy is S-R) (1)2 If (precipitation is low) then (strategy is S-R) (0.75)3 If (precipitation is low-medium) then (strategy is S-R) (0.75)4 If (precipitation is medium) then (strategy is S-R) (0.75)5 If (precipitation is low) then (strategy is S-R) (0.25)6 If (precipitation is low-medium) then (strategy is S-R) (0.25)7 If (precipitation is medium) then (strategy is S-R) (0.25)8 If (precipitation is medium-high) then (strategy is S-R) (0.25)9 if (altitude is low) then (strategy is S-R) (1)10 If (altitude is low-medium) then (strategy is S-R) (1)
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Figure 12. Design of the fuzzy inference engine to differentiate strategies from the water-energy dynamic.
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Figure 13. Definition of triangular membership functions for ordination of plant strategies.
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Figure 14 Node structure of the T-S-K model for differentiation of S-R plant strategy of Guyana, South America
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Interpretations...
 • Figure 14 shows the ANFIS for stress tolerant-ruderal plants of Guyana.
 • Within the node structure it follows that the input variables (A1(n), A2(n), …,An(n)) may be stated as vectors and . The model was tested by inputting the data within the ranges of (12) for Guyana into the engine shown in Figure 12. The resultant strategy was S-R, the 2nd of the seven possible strategies.
 • Combinations of single factors led to incorrect strategy (z) output. It was found that combining any two variables other than mean precipitation and mean temperature resulted in the correct measurement with the 1st (x) variable, but too high a measurement with the 2nd (y) variable. It is imperative that at least two of the driving dynamic vectors are used – both altitude and ground frost frequency show static responses
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 x [x1,x2,...xn ]
 y [y1,y2,...yn ]
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Figure 15. 3-D Surface view showing maximum efficiency of the T-S-K algorithm for S-R plants of Guyana, E2.
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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T-S-K systems complement further mathematical exploration of plant characteristics
 • (13)
 *Referenced within Furze et al., 2013c
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 This is consistent with previous work (Omizegba and Monikang, 2009*), which suggests that transference of variables into vector structure such as that shown in (12), may provide a relational index (R) which may also be determined by expert knowledge or alternatively via genetic algorithm (Zadeh, 1973*). Such a relational algorithm index may be used to quantify the cooperative link between the number of individuals and climatic modelling structure in different locations, since
 y [x * R]
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Genetic-fuzzy programming for plant strategy distribution within the water energy dynamic
 • Initially an algorithm was designed for E6, Azerbaijan, an environment containing competitive-stress tolerant plant species. This creates the closed loop within which we designed the multi-objective genetic algorithm (MOGA).
 • We identified 20 rudiments of plant strategies.• We defined the rudiments and their ideal conditions, forming a tabular form of
 solutions and quantifiable solutions [1,5].• We generated a random population of chromosomes and cycled them within the
 water energy dynamic.• We identified a combination of ‘good’ and ‘bad’ rules within the distribution.• We plotted a linear least squares regression through the points, known as a
 Pareto front / Utopia Line, we also plotted a quadratic Utopia curve through the points.
 • We identified the linear and quadratic expressions by which one can make predictions of the objectives and consequent distribution used in the genetic programming.
 * See Furze et al., (2013a) for further detail/ discussion. Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Key results of Stochastic distribution
 • T-S-K Algorithm for C-S plants, E6, Azerbaijan: • •
 (14)
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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 Figure 16. 3-D Surface view of algorithm for E6
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Stochastic distribution continued
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 Objective 1
 Figure 17. Dispersed plant strategy evolutionary strength Pareto
 The axis ‘objective 1’ (mean temperature, x) and ‘objective 2’ (mean precipitation, y) are n objective functions which may be expressed as Z in the following:
 (15)
 From Figure 17 it follows that there was a design variable (D) formed from the MOO, being the numerical estimate of the utopian (Z) space. The following expression is used as a generic form of the optimisation: (16)
 RnZ
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Conclusions of stochastic exploration of strategies
 • The residual error of the quadratic utopia curve and of D in (16) was seen to be 0.02717.
 • The optimisation may be expressed across a given total number of individuals following a Poisson distribution with use of quadratic or varying degrees of polynomial expressions with greater differentiation to express greater numbers of categories within the optimisation (Zhao, 2012*).
 • We may approximate a similar distribution with a lesser number of
 grouped characters (such as strategies, or photosynthetic metabolism type) or a greater number of characters such as rudiments of life-forms owing to expanding/contracting dimensional relations given through fuzzy systems (Raunkier, 1934*; Zadeh, 1965*; Zhao, 2012*)
 * Referenced within Furze et al., 2013a
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Plant metabolic and life-form characters elucidated through stochastic exploration
 • After design and implementation of T-S-K fuzzy logic for photosynthetic types, 20 rudiments of C3, C4 and CAM photosynthesis were distributed within utopia distribution of the water-energy dynamic. Life-forms were also algorithmically by the same method and 18 rudiments were distributed by MOGA.
 • Pareto front and Utopia Line and Utopia Curve expressions were formed. We extrapolated the following rule expressions for metabolic type, similar expressions were also formed for life-form spectra (Furze et al., 2013e; Furze et al., 2013g):
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 Table 6. Utopia rules of photosynthetic character dispersal

Page 72
                        

Expansion of plant life-forms and functional approximation
 • We used T-S-K to construct algorithms of plant life-form distribution in 2 contrasting areas of high plant richness, to present the parameter range within which the characteristics are spread. Phanerophytes were seen to dominate the richest area (Ecuador, South America) in conditions ideal for plant growth; Hemicryptophytes and Therophytes were seen to dominate in an area of lower species numbers (Macedonia, Europe) in more extreme conditions.
 • Subsequently MOGA distributed rudiments of life-forms, expanding the primary number of 5 groups to 18 rudimentary sub-groups, within each closed loop, given predetermined individual occurrence numbers.
 • Given that individual life-forms are individual quantitative characters we showed the distribution of each of these elements within an individual location with use of a Gaussian process model.
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Functional enrichment of utopian descriptions of plant life-forms
 • T-S-K algorithm for plant species of Ecuador, South America:
 (17)
 • T-S-K algorithm for plant species of Macedonia, Europe:
 (18)
 • Linear and quadratic Utopia Line and Curve respectively were used to construct rules for plant life-form distribution.
 • Functional approximation of each areas life form types was carried out using the Gaussian process function, Rastrigin’s function:
 (19)
 Where i=1/n, xi is an element of the interval [-5.12,5.12]. In order to make use of Rastrigin’s function as a surrogate Gaussian process model in the current case, the number of life-form sub categories (n=18) occurs within the interval shown.
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Combining T-S-K fuzzy logic, MOGA and Functional approximation to give an un-distorted view of plant species
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 • Using the combination of techniques provides robust statements.• Rastrigin’s function served the dual purpose of expanding the dispersal of
 the 18 sub groups of life-forms simultaneously and verified the validity of the GA process. This is elaborated below.
 Figure 18 Illustration of how selection of MOGA within the chromosome population of 65535 individual plant occurrences of Ecuador took place
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Identification of errors present within MOGA systems for plant species
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 Figure 20. Error of linear Utopia line and quadratic curve
 Figure 19 Objective dispersal of the Strength Pareto Evolutionary population obtained for Ecuador
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Figure 21. Rastrigin’s function as applied to the standardised distribution [0,…,5] of 18 sub groups of plant life-forms (Furze et al., 2013g ©)
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Interpretations for functional approximation’s application to real plant populations
 • The variance of MOGA systems shown is always <1, therefore functional approximation using a Gaussian process model is logical as such models show zero mean and unit variance.
 • Application of the technique enables estimation of subsequent plant characteristics occurrence within dynamic conditions.
 • Alternative functional approximation offers a bright future for plant characterisation (known and unknown!)
 • Recommendations of national policy are substantiated and implemented using refined mathematical technique (Furze et al., 2013b; Furze et al., 2013d; Furze et al., 2013f)
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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Geographical applications of mathematics – a potential tool for policy makers
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
 Figure 22. 1 Outline of simplistic GIS based on plant strategy based environments
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Geographic information system detail
 • Environments E1-E7 were indicated on the above GIS, representing dominant strategies recorded in the locations to form the environments. Each environment is highlighted with a different colour to reflect the combination of water and energy which prevail in the location. Colours are ordered from blue (E1), grey blue (E2), light blue (E3), green (E4), rose (E5), orange (E6) and red (E7). The location of each environment was found by selecting the tile code (e.g. W100N40 for Ecuador), number of columns from left to right and row number from top to bottom. Each area above is mapped with latitude, longitude with use of Matlab code, available from the author.
 • The GIS may be constantly updated to reflect changes in species data in an online linked system (Furze et al., 2012b; Furze et al., 2013d)
 Presented in 2013 , Centre for Machine Vision, University of the West of England, 6 th November
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