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Abstract 
 
The foundation of Landscape Ecology studies is that the patterning of landscape 
elements strongly influences ecological characteristics.  However the tools to 
calculate the complex interactions between elements are currently too simplistic. 
This paper describes the application and development of a new landscape 
configuration metric, referred to here as the Isolate Connectivity Index.  This index 
utilises the combined structural components of proximity, shape, size and position to 
describe the neighbourhood configuration relevant to a selected isolate.  Using the 
measurements between randomly placed points in neighbouring and selected 
polygons, the GIS program creates summary data that reflects the complex interaction 
between polygons.  
 
 
The utility of the technique is illustrated by the comparison of the metric to field data 
on the population density of the Prickly Forest Skink, Gnypetoscincus queenslandiae, 
in the fragmented rainforest environment of the Atherton Tablelands.  The increase in 
fragment connectivity corresponded to a significant increase in G. queenslandiae 
captures per hour. 
 
 
The Isolate Connectivity Index is produced using either Avenue or Arc Macro 
Language with polygon coverages and is still under development.  The scripts will be 
freely available from the author in September 2000. 
 
 
 
Keywords: Isolates, connectivity, ecological interaction, landscape metrics, proximity, 
patch size, patch shape, neighbourhood configuration, Prickly Forest Skink. 
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1. Introduction 
 
 
1.1 Measuring the landscape 
 

 

Biodiversity is presently being reduced at a rate unprecedented in human history 

(Leakey & Lewin  1996; Laurance  1999b).  The destruction of ecosystems through 

clearing and selective logging has resulted in widespread extinctions as resident 

species are displaced (Flannery  1994; Leakey & Lewin  1996).  Replacement of 

ecosystems by agricultural and urban land uses is leading to extensive habitat 

fragmentation (Quammen  1996; Laurance  1999a).  The capacity to survive in a 

fragmented environment will determine the fate of each species (Leakey & Lewin  

1996).   

 

 

Amelioration of the threatening process created by fragmentation will depend on the 

management ability of land custodians (Beale & Fray  1990; Flannery  1994).  

Successful restoration will benefit humans more than the maintenance of biodiversity 

alone.  Human welfare depends on the many benefits that are indirectly and directly 

derived from healthy ecosystems.  These include soil conservation, flood mitigation, 

carbon storage, pharmaceutical warehouses, spiritual and cultural connections 

(Laurance  1999b).  However, the modification of land management requires an 

understanding of the ecological processes operating across a landscape (Crome  

1997).  
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The rapidly emerging field of landscape ecology seeks to provide the basis for 

understanding landscape structure, function and change (Forman & Godron  1986; 

McGarigal & Marks  1995).  The structure of landscapes concerns ‘…the distribution 

of energy, materials and species in relation to the sizes, shapes, numbers, kinds, and 

configurations of the ecosystems’ (McGarigal & Marks  1995 p.1).  Functional 

characteristics are ‘…the interactions among the spatial elements, that is, the flows of 

energy, materials and species among the component ecosystems’ (McGarigal & 

Marks  1995 p.2).  Change measurements concern the alteration of structure and 

function for the landscape over time.  The internal ecological processes that operate in 

a single landscape element are influenced by the neighbourhood configuration (Hess  

1994; Forman  1995; Bastin & Thomas  1999).  The influence on each element from 

the surrounding neighbourhood is modified by the flow characteristics of the 

neighbourhood ecological processes (Cale et al.  1989; Gao & Yang  1997).  The 

extent of the influences governing the ecological exchanges is currently 

immeasurable.  Several key elements, such as size, shape, proximity and position, can 

be identified as significantly affecting the connectivity between patches (Bridgewater  

1987; Taylor et al.  1993; With et al.  1997).  Connectivity is defined as a measure of 

the flow of ecological processes between spatially defined identities in a heterogenous 

environment (Bridgewater  1987; Taylor et al.  1993).  The consideration of the role 

of patch structure and function is critical to an assessment of patterns in the landscape 

(With et al.  1997).  Forman and Godron (1986) define patch as a basic element of the 

landscape.  McGarigal and Marks (1995 p.5) define patch as an area of relatively 

discrete environmental character as ‘…perceived by or relevant to the organism or 

ecological phenomenon under consideration’.  Such a definition recognises the 
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influence of scale when defining patch boundaries (Addicott et al.  1987; Jonson & 

Fahrig  1997; Bowers & Dooley  1999; Nikora et al.  1999; Wagner et al.  2000).   

 

 

At any given scale, variability within a patch is the product of heterogeneity at a lower 

scale (Wagner et al.  2000) and thus a landscape is composed of a hierarchy of patch 

mosaics (McGarigal & Marks  1995).  The patch structure for reptiles, such as the 

Prickly Forest Skink, Gnypetoscincus queenslandiae (Sumner et al.  1999), differs in 

scope and configuration to large mammals, like the Lumholtz's tree-kangaroo 

(Dendrolagus lumholtzi) (Newell  1999) despite superimposition of home ranges.  

The environment that an organism operates within is affected by activities conducted 

over a range of scales.  The organism however, only perceives and responds to a 

limited range of scales (Addicott et al.  1987).  The grain is the smallest scale that 

produces a response to the environmental heterogeneity by an organism (Li & 

Reynolds  1995).  The patch dimensions are defined by the grain of the organism in 

question and the size of the home range (Kotliar & Wiens  1990).  The patch 

boundary then, is defined by the ecological processes that elicit a response from the 

species or community (Fortin et al.  2000).  This specific set of ecological processes 

will be influenced by the structure and function of the neighbourhood patch mosaic 

for a wide range of scales (Wagner et al.  2000).  Within the modeling environment of 

GIS, the term polygon will be used to describe an area of interest without any 

particular ecological characteristics.  
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Establishing a measure of the relationship between each patch in a landscape is 

fundamental to landscape ecology studies (Forman & Godron  1986) yet the 

overwhelming complexity of the ecological interactions continues to defy empirical 

analysis (Krummel et al.  1987; Gustafson  1998).  Intricate webs of abiotic and biotic 

linkages operate with both random and directional forces to create an ecosystem that 

is dynamic, evolving and difficult to describe (Ver Hoef  1991).  Each linkage is 

reshaped through forces as subtle as hunger in a beetle (McIntyre & Wiens  1999) to 

devastation of the landscape by wildfire (Trabaud & Galtie  1996).  Structural 

influences operate at all scales and provide a physical conduit to channel a multitude 

of resource transfers (Forman & Godron  1986).  Describing the structural 

configuration of a patch is difficult even when only considering shape.  For example, 

the intricate extrusions of a rainforest nestled into an eroded sandstone ravine create 

structures that defy reduction to empirical figures.  When considering the structural 

juxtaposition between multiple patches, empirical descriptions that reflect complexity 

appear to be unobtainable (Cale et al.  1989; Scheiner  1992; Li & Reynolds  1995).  

Consequently, descriptions of landscape pattern tend to be highly simplified, 

imprecise, uncertain or ambiguous in their approach (Kampichler et al.  2000).  The 

fragmentation of natural systems adds another level of complexity that obscures the 

processes required to maintain biodiversity (Haila et al.  1993; Turner & Corlett  

1996; Luiselli & Capizzi  1997; Bowers & Dooley  1999) yet comparative 

measurements are required for planning and management.  In particular, a metric is 

required that indicates which fine scale structural changes (e.g. fence line alterations) 

most greatly affect change in a regions biota.  In this thesis, the term metric is used to 

describe any measure of spatial configuration or composition.  The term index is used 
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to denote a singular metric that constructs a relative value which can be compared to 

other similarly derived values. 

 

 

 The GIS tools used to measure the complex interactions between landscape elements 

are currently too simplistic (Hargis et al.  1998; Wiegand et al.  1999) despite the use 

of a wide range of techniques.  Two main procedures of simplification tend to be 

utilised:  

• reduction of the neighbour or target polygons to a single point, and;  

• isolating single measurements as indicators of a structural phenomenon.   

Metrics, such as the nearest neighbour indices, will select a point (e.g. closest point on 

edge) and measure the distance to another point on a target patch as an indicator of 

patch separation.  The failure to incorporate the shape of the patch obscures the 

ecological interactions that occur (Collinge  1998).  For instance, the neighbouring 

patch might be teardrop in shape with the thin end closest to a patch in question or the 

neighbour patch may be shaped as a ring around the target patch.  Both neighbours 

may exhibit the same nearest neighbour metric value but have different ecological 

function.  The combination of a suite of independent metrics as a means of providing 

a comprehensive description tend to be difficult to interpret (Ritters et al.  1995).  

Indeed the array of metrics available is considerable and potentially confusing 

(Gustafson  1998). 

 

 

A proposed metric which accommodates the size, shape, position and proximity of 

multiple polygons is described in this thesis and is called the Isolate Connectivity 
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Index (ICI).  This metric utilises the measurement of random point allocations similar 

to the influence or ‘gravity’ models used to describe patterns of human interaction 

over distance (Smith  1975).  The metric will be demonstrated by examining the case 

of the Prickly Forest Skink , G. queenslandiae, in tropical Australia. 

 

 

1.2 Fragmented rainforest and the Prickly Forest Skink 

 

 

The Prickly Forest Skink G. queenslandiae is endemic to the rainforests of north 

Queensland and are restricted to the rotting logs of rainforests (Sumner et al.  1999).  

Fragmentation of the rainforest has resulted in the isolation of Prickly Forest Skinks in 

patches varying in size and distance from neighbouring rainforest patches.  With 

restricted ability to interact with other populations, the skinks exist as discrete 

populations.  Survival of skinks in a particular patch is determined by the ecological 

processes operating within that patch.  Alteration of the processes potentially changes 

the suitability of each patch to maintain a viable population of skinks.  Evaluation of 

the landscape by Sumner et al. (1999) was restricted to area measurements and 

therefore ignored the connection between landscape elements.  Critical to the patch 

integrity is the connectivity with the surrounding landscape.  Comparison of 

demographic data to the proposed measure of connectivity described herein provides a 

rare opportunity to investigate a relatively stable population with minimal dispersal 

ability in a fragmented environment containing patches of varying shape, size, 

proximity and position.   
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Using the proposed landscape connectivity metric and accompanying field data this 

thesis will explore the following hypotheses. 

1: That the proposed Isolate Connectivity Index (ICI) provides a measure of the 

degree of connectivity between an identified patch and the neighbouring patches. 

2. That the results obtained using the proposed ICI metric show a significant 

correlation between the capture rate per hour of the Prickly Forest Skink, 

Gnypetoscincus queenslandiae and the ICI value. 

To explore the first hypothesis, simulated landscapes will be measured with the ICI.  

Examination of the second hypothesis will involve measuring the habitat of the skink 

using the ICI and comparing the results to the demographic data collected by Sumner 

et al. (1999).  

 

 

Analytical precedents of landscape metric development and the Prickly Forest Skink 

demographical studies will be reviewed to provide context (see chapter 2).  The 

method section (chapter 3) will outline the theoretical steps required to construct the 

ICI while the results section (chapter 4) will present the empirical data created.  In the 

discussion section (chapter 5), the implications of the simulated measurements and the 

application of the ICI to the Prickly Forest Skink data will be considered.  The final 

section containing recommendations for the potential future directions that could be 

applied to ICI augmentation and applications can be seen in chapter 6. 
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2. Literature review 
 
 
2.1 Structural characteristics 
 

 

The structural characteristics of an individual patch will influence the ability to 

interact with the neighbouring patches (Bastin & Thomas  1999; Kindvall & Petersson  

2000).  Likewise, the structural characteristic of neighbouring patches both individual 

and combined, will significantly influence the ecological interactions with the focal 

patch.  Patch connectivity is not just the function of corridors and connected edges 

(Taylor et al.  1993) but also includes the ecological transfer across a hostile, 

favourable or neutral matrix (Soule & Gilpin  1991; Forman  1995; Tiebout & 

Anderson  1996; Anderson & Danielson  1997).  The primary influence will be the 

interaction between the resource vectors, (e.g. birds and insects), and the structure of 

the landscape.  Shape, proximity, size and position are the main determinants of the 

rate of ecological transfer (Collinge  1998).  Shape determines the influences of edge 

effects, core areas and random movement patterns (Hamazaki  1996; Riffell & 

Gutzwiller  1996; Garrabou et al.  1998).  The position and shape of a patch 

determines the neighbourhood profile.  For example a patch located at the end of a 

thin corridor will be influenced differently by ecological forces compared to a patch 

located adjacent to the same corridor (Soule & Gilpin  1991).  Proximity to the target 

destination will also influence the energy required to complete ecological transfers as 

well as determine the exposure to detrimental influences, such as predators (Rickers et 

al.  1995; Keyser et al.  1998).  Size of the patch provides potential for core areas of 

maximum quality habitat (Luiselli & Capizzi  1997; Keyser et al.  1998; Semlitsch & 
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Bodie  1998; Foufopoulos & Ives  1999) and is considered the most important 

influential aspect of landscape patterning (McGarigal & Marks  1995).  In particular 

the size, or width, of a patch can influence which specific species traverse the 

landscape (Laurance & Laurance  1999).  Position of a patch relative to neighbouring 

patches determines the profile, the degree of movement difficulty (e.g. uphill or 

downhill) and the effect of angular forces such as wind (Sarlov Herlin & Fry  2000). 

 

 

The number of structural characteristics is vast and interactions are complex yet there 

is a need to assess each patch for structural adjustments which can assist in arresting 

the ecological decline (Li et al.  1993; Sisk & Margules  1993; Rickers et al.  1995; 

Bierregaard et al.  1997).  With the high cost of restoration combined with the 

continuing destruction of viable habitat the need for land managers to accurately 

assess habitat in order to provide direction to maximise ecological integrity is 

essential (Sisk & Margules  1993; Wickham et al.  1999).  This would theoretically 

require the optimum solution which encompasses social, economic, cultural and 

environmental pressures (Ribe et al.  1998; Johnson et al.  1999).  Recommendations 

utilising comparative figures can provide more influence than arguments appealing to 

generalised perceptions.  Tools that can assist in the position of answers to spatial 

configuration and allocation issues are highly valued by land managers (Hobbs  

1999). 
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2.2 Fragmentation 

 

Interpretation of the spatial patterns within a landscape is difficult and controversial 

(Laurance  1999b).  Fragmentation of the landscape increases the interpretation 

complexity especially with regard for the processes relying on interactions between 

patches (Gustafson & Parker  1992; Forman  1995).  Fragmentation is considered here 

to be the disruption to an existing ecological structure as a result of human or natural 

influences.  All systems exhibit dynamic identities that are a function of resource 

distribution and evolutionary forces (Addicott et al.  1987; Day  2000).  The 

significant difference in human derived fragmentation is the rate and style of change 

(Laurance & Bierregaard  1997).  Fragmentation will often reflect anthropogenic 

desires, such as respect for cadastral boundaries, rather than ecological considerations.  

The resultant landscape that is dissected, incised, dissipated, shrunk, attributed, 

perforated (Jaeger  2000), modified with human activity and constructions exhibit 

spatial and temporal stresses that mask pre-disturbance ecological pattern.  

 

 

In particular, landscape elements that were previously reliant on neighbour inputs, 

exhibit denuded ecological systems following fragmentation (Laurance  1994; Rudis  

1995).  Populations that once mixed randomly are now operating as discrete 

populations (Andren  1996), symbiotic relationships are disrupted (Rickers et al.  

1995) and ecological cycles collapsing (Caughley & Gunn  1995) in a fragmented 

landscape.  Once disrupted and reduced (e.g. by imposition of a hostile matrix) the 

ecological exchange process between regions a new ecological identity for the patch 

begins to evolve (Lande  1993; Flannery  1994; Laurance  1994; Turner & Corlett  



Page 11  

1996; Bastin & Thomas  1999).  If destructive forces are a dominant influence then 

the patch’s new composition will be unviable for the wide range of resident species 

(Gascon et al.  2000). 

 

 

The degree of fragmentation-derived destruction is determined, at least in part, by the 

continuing interactions that exist between the remaining landscape elements including 

the new matrix (Zipper  1993; Kapos et al.  1997; Semlitsch  1998).  For example the 

distribution of insect communities in agricultural fields are influenced by the presence 

and distribution of isolated trees (Dunn  2000).  In some cases introduced vegetation 

matrix can be favourable to certain species (Meunier et al.  2000) while they are 

disruptive to others (Enoksson et al.  1995; Delin & Andren  1999; Fisher & Merriam  

2000).  The continuation of ecological processes often requires biological vectors, 

such as pollinators and seed dispersers, to cross patch boundaries (Bridgewater  1987; 

Tiebout & Anderson  1996; Sarlov Herlin & Fry  2000).  The spatial configuration of 

the landscape can influence the rate and reliability of ecological transfer (Jordan  

2000; Kindvall & Petersson  2000).  Given the encompassing nature of energy cycles 

it is reasonable to suggest that all species of flora and fauna, will be influenced by 

restrictions in ecological transfers (Diamond  1975; Laurance  1994; Caughley & 

Gunn  1995; Whitmore  1997).  This implies that what directly effects organism 

function at one scale will effect other organisms at another scale (Tang & Gustafson  

1997; Keitt  2000).  The degree of destruction of an ecological system will therefore 

depend on the cumulative destructive effects at all scales.  The effect of destructive 

influences however are distributed over temporal scales (Lande  1993; Rickers et al.  

1995) which hinder and obscure identification and detection.  
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2.3 Patch Indices 

 

 

Current patch metrics describing the structural arrangement, with regard to a selected 

patch and the surrounding landscape, include landscape similarity index, edge 

contrast index, nearest neighbour distance and proximity index (Gustafson & Parker  

1992; McGarigal & Marks  1995).  Here landscape similarity index ‘…equals total 

class area divided by total landscape area multiplied by 100 (to convert to 

percentage)’ (McGarigal & Marks  1995, p.83).  In other words, this metric describes 

the proportion of the landscape that is similar to the patch in question.  However, this 

metric ignores the position and proximity of the neighbouring patches which is 

fundamental to ecological interaction (Taylor et al.  1993).  The edge contrast index 

‘…equals the sum of the patch perimeter segment lengths, multiplied by their 

corresponding contrast weights, divided by total patch perimeter (m) multiplied by 

100…’ (McGarigal & Marks  1995, p.83).  This index provides a measure of the 

proportion of exposed and protected edge and implied connectivity but fails to 

indicate the shape and configuration that the exposed edge may have.  Ecological 

connectivity is not simply a function of the size of the shared boundaries but also 

involves separation distances and shape configuration (Bennett  1997; With et al.  

1997).  Likewise, edges exposed to hostile matrix forces are considerably influenced 

by the dimensions of the convolutions and not only the edge length (Hamazaki  1996).  

Indices that are reliant upon boundary line length for the measurement of edge length 

can be susceptible to errors in data capture techniques.  In particular the 

polygonisation of raster images produces a sawtooth or staircase diagonal edge.  The 

regular intrusions and extrusions generate unnecessarily lengthy edges and are 
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difficult to rectify.  McGarigal and Marks (1995) minimise this error by providing a 

raster-based set of indices in their FRAGSTATS program.  The limitation of 

maintaining the original data format can be restrictive and difficult to manage in a 

modelling environment.  Nearest neighbour distance is based on the measurement of 

the Euclidean distance to the nearest point of a similar neighbour.  This is done 

without considering the neighbour’s shape and clustering which means that this 

indicator is of minimal value in the consideration of ecological flows (Schumaker  

1996).  A proximity index is more complex and ‘…equals the sum of patch area 

divided by the nearest edge-to-edge distance squared between patch and the focal 

patch of all patches of the corresponding patch type whose edges are within a 

specified distance of the focal patch’ (McGarigal & Marks  1995, p.86).  This index 

attempts to measure proximity as a function of distributed area but is obscured by 

shape, clustering and area distribution.  Clusters of irregular shapes can alter 

ecological patterns without producing a corresponding change in proximity index 

value.  This is due to the simple measure of the location of a patch by centroid or 

nearest edge. 

 

 

Ritters et al. (1995) reduced fifty five spatial metrics to six univariate measures; 

average perimeter-area ratio (PA-1), Shannon contagion (SHCO), standardised patch 

shape (NASQ), patch perimeter-area scaling (OCFT), number of attribute classes 

(NTYP) and large-patch density-area scaling (PMAS).  Although designed to describe 

landscape pattern rather than patch to patch relationships the indices can be used to 

infer function from structure.  The PA-1, NASQ, OCFT, PMAS, SHCO indices use a 

combination of area, perimeter, patch number, and fractal scaling to produce metrics 
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that describe general patterns within the landscape.  In landscapes where the patterns 

contain fine features, such as a thin corridor, the metrics may not reflect the same 

degree of ecological importance.  Measures of patterns across a landscape invariably 

fail to highlight the critical role that individual patches play in maintaining ecological 

processes (Keitt et al.  1997; Jansson & Anglestam  1999). Wiegand et al. (1999) 

highlights another impediment with the dislocation of the patch boundary 

measurement from the ecological functionality of the system in question.  Given the 

hierarchal structure of patches, where small patches at a lower scale combine to create 

patches at a higher scale (Kotliar & Wiens  1990), the usefulness of spatial metrics is 

the ability to show ecological function within environments containing heterogeneous 

boundaries (Wiegand et al.  1999).  The metrics by Ritters et al. (1995) show spatial 

structure (ie. as a clearly defined polygon) in isolation of ecological function  and thus 

present a ‘structural based’ view instead of an ‘organism-centred’ view of the 

landscape (Wiegand et al.  1999).  In particular metrics that ignore gradients between 

habitat types is considered restrictive within population modelling applications 

(Wiegand et al.  1999).  Reductionist metrics are useful in producing an approximate 

measure of landscape pattern but for more detailed scrutiny, metrics need to be 

designed to investigate issues at greater detail and for specific requirements (Jaeger  

2000). 

 

 

Some recently created indices known as landscape division, splitting index and 

effective mesh size (Jaeger  2000) measure aspects of fragmentation patterning across 

a landscape.  These measures represent an important deviation from the classical 

landscape structure metrics and, instead include organism movement with landscape 
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structure (Jaeger  2000).  The principle behind Jaeger’s (2000) metrics is the ability of 

two animals to find each other when randomly placed in a landscape.  The landscape 

division metric measures the likelihood that two animals will be co-located following 

landscape division.  The splitting index refers to the number of patches created when 

dividing the total landscape into parts of equal size whilst maintaining the same level 

of landscape division.  The effective mesh size ‘…denotes the size of the areas when 

the region under investigation is divided into [the splitting index value]… with the 

same degree of landscape division’ (Jaeger  2000, p.118).  These metrics do not 

provide detailed information about a particular patch but they do provide an 

interesting insight into the spatial relationships created by fragmentation.  However, 

the failure of these metrics when used in isolation, to determine how an organism 

would use the divided areas after fragmentation (based on the collective movement 

patterns) diminishes the use of this type of metric. 

 

 

Wiegand et al. (1999) propose a metric called the ‘ring statistic’ which combines a 

number of spatial elements such as proximity and area in order to evaluate the spatial 

component of population dynamics.  An essential element of the model is the 

deviation away from bi-polarisation of the landscape into suitable and non-suitable 

patch types.  To this end the authors include a third ‘poor quality’ habitat which 

created a gradient of habitat suitability that enabled more realistic modelling of 

European Brown Bear behaviour (Jaeger  2000).  The grain size used in the European 

Brown bear model was based on the home range size of female adults (5 km2).  This 

course interpretation of the landscape may obscure the finer heterogeneity that 

supports the quality of bear habitat.  However, this style of metric offers significant 
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improvements in combining functionality and structure in spatial metrics.  By utilising 

the choices made by bears when colonising new habitats the various individual shapes 

and sizes of patches can be examined.  Landscape configurations can then be 

constructed from the movement patterns (modified by life cycle information) of the 

organisms in question with the modifying influence of the patch structures.  This 

model of incorporating behavioural variables with spatial structure can be informative 

about the organism in question but relies on detailed knowledge (such as life cycles) 

which is frequently not available for the majority of species.  The inclusion of habitat 

structure, as modified by processes such as agriculture or fire, is critical to the 

abundance of species across a landscape (Morris  2000).  The incorporation of 

gradients, for multiple species distribution, into a single metric would require complex 

modelling and extensive detailed behavioural studies (Kolasa et al.  1996). 

 

 

Capturing the ‘stepping stones’ required for dispersal across a fragmented landscape 

is key to understanding the importance of each individual patch in the context of 

landscape connectivity (MacArthur & Wilson  1967; van Oosterzee  1997).  Keitt et 

al. (1997) developed a method, based on landscape graphs, of evaluating the linkages 

from one patch to the neighbour patches as a function of dispersal distance.  The 

linkages are based on nearest neighbour distances that are less than a set threshold 

distance.  When the threshold value is varied, the clustering arrangement of the 

patches is determined.  For example as the dispersal distance is increased to a 

threshold distance, the patches in the evaluated landscape cluster to form one 

contiguous patch (Keitt et al.  1997).  Focusing on the metapopulations of the 

Mexican Spotted Owl, Strix occidentalis lucida, Keitt et al. (1997) demonstrated that 
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key small patches could have important ecological functionality as ‘stepping stones’ 

for dispersal.  If the dispersal distances were too large for the organism in question 

then isolation would be expected.  Similarly, this method has the ability to determine 

the dispersal thresholds for the landscape and how each patch is critical to this 

threshold level.  The landscape graph connectivity index uses a simplified 

environment where the matrix is uniformly neutral, the patches are homogeneous and 

shape only influences the extremities.  By incorporating travel cost surfaces (Taylor et 

al.  1993) and habitat gradients (Wiegand et al.  1999) this model could be expected to 

increase the understanding of ground-level dispersing animals.  The use of closest 

edge points as a method of measuring the distance between patches is problematic.  

Firstly, the edges are seldom easy to define both physically (patch structure orientated 

view) (Williams-Linera et al.  1998) and ecologically (organism orientated view) 

(Lidicker  1999) and may even be operating across an extended gradient (Gao & Yang  

1997).  Secondly, in the model developed by Keitt et al. (1997) the shape and area of 

a patch are only measured at the closest point to a neighbour.  This means that a star 

shaped patch would have considerably more ability to connect than a less extended 

circular patch.  Further the star shape patch may not offer the dispersing organism 

sufficient resources or protection and thus the patch may act only as a ‘stepping stone’ 

and rapidly degrade in ecological function.  Incorporating core areas and overall shape 

considerations would enhance this model considerably. 

 

 

Additional information can be obtained by examining the entire landscape pattern 

using contagion measurements (Li & Reynolds  1993; Ritters et al.  1996), fractal 

patterning (With  1994; McGarigal & Marks  1995), habitat preference indices 
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(Aspinall et al.  1998), lacunarity analysis (Plotnick et al.  1993; With & King  1999; 

McIntyre & Wiens  2000) and percolation theory (Gustafson & Parker  1992; 

Wickham et al.  1999; With & King  1999).  These measurements utilise the patterns 

created by connecting pixels and provide novel insights into landscape function, 

especially when considering the density of a particular patch type and the associated 

connections within the landscape.  Transposing these insights to individual patch 

functionality is fraught with problems and so their use in environmental management 

will be limited to providing general assessments of landscape change.  

 

 

Overall these indices fail to incorporate sufficient individual patch characteristics 

critical to measuring the ecological interaction (Hargis et al.  1998) at a patch to patch 

level.  In particular the spatial arrangement of patches (Hargis et al.  1998) and the 

individual target-neighbour relationships based on a complex mix of structural 

characteristics are currently immeasurable.  The ecological identity of patches reflects 

the cluster formation of the neighbourhood where each patch consists of individually 

shaped areas (Quammen  1996).  Describing the clusters with all the individual 

shapes, sizes, orientations and proximity distances is an important requirement for 

understanding the ecological variables effecting each patch.  

 

 

Increased understanding of the ecological processes through application of multiple 

metrics is possible (Ritters et al.  1995; Hargis et al.  1998) but often confusing to 

interpret (Gustafson  1998).  For example a series of metrics may indicate the patch 

deviates considerably from a circle shape, has a low landscape similarity value, a high 
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fractal dimension, multiple core areas and small edge contrast.  The analysts can see 

that the patch is isolated, convoluted and exposed but does this indicate a detrimental 

situation or merely the reflection of the ecological niche structure?  Can they provide 

quantitative answers to questions concerning the alteration of a particular patch 

dimensions and the ecological consequences?  Clearly the additional metrics can 

strengthen the analytical capabilities of a GIS and programs like FRAGSTATS 

(McGarigal & Marks  1995) and Patch Analyst (Elkie et al.  1999) produce more 

descriptive values than can be used.  These excellent programs rely on considerable 

post-processing interpretation by analysts who understand the various short falls of 

the individual metrics.  Despite the sophisticated spatial measuring tools, combining 

the complementary metrics may not provide clear answers to planning questions.  

Changes in the structure of a patch may yield conflicting values that are difficult to 

compare.  An illustration of this would be a patch that is extruded to increase corridor 

connectivity but reduces area and increases edge convolution.  The operator would be 

unsure if the structural changes yield a combined net benefit or not. 

 

 

Many metrics are undergoing revision to determine organism behaviour under applied 

conditions.  For example, proximity analysis has three conceptual approaches (see 

(Gustafson & Parker  1992; McGarigal & Marks  1995) which exhibit differing 

behaviour (Stefan Lang pers. com.).  The consensus for a stable set of metrics is yet to 

occur and the rapid pace of spatial technology advances continues to explore the 

boundaries of metric sophistication (Fortin  1999).  Gustafson (1998) proposes four 

guidelines for the use of metrics in measuring spatial heterogeneity.  Firstly, ensure 

the appropriate scale is determined.  Secondly, base the analytical method on the 
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objectives of the analysis and the spatial characteristics of the system in question.  

Thirdly, consider the heterogeneity that is relevant to the processes of interest and 

choose metrics accordingly.  Fourthly, formulate a theoretical relationship between an 

index and the ecological process.  The important point being made by Gustafson 

(1998) is that the metrics used should be used with ecological knowledge and tailored 

to suit the question.  

 

 

2.4 Application of ICI to demographics of Prickly Forest Skink 

 

 

The most diverse ecosystems on the planet exist in the tropical forests (Laurance & 

Bierregaard  1997) yet the rate of clearing and fragmentation is unprecedented 

(Whitmore  1997; Laurance  1999b).  The rainforest in the wet tropics of Queensland 

has been extensively cleared and fragmented especially in the coastal zones (Johnson 

et al.  2000) and in the tablelands (Laurance  1994).  Clearing of the Atherton 

Tablelands commenced in 1909 and the majority of clearing was completed in the 

following twenty years (Winter et al.  1987).  Hundreds of isolated fragments 

surrounded by a dairy cattle pasture are all that remain of the tablelands rainforests.   

 

 

Fragmentation studies have been biased towards birds and mammals with individual 

species responding differently (Leung et al.  1993; Crome et al.  1994; Laurance  

1994; Newell  1999; Howell et al.  2000).  In a study by Laurance (1991) the best 

indicator of extinction proneness in Queensland for each species was the relative 
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abundance in the surrounding matrix and not by the initial abundance in continuous 

forests.  Evidence exists for reduced genetic variation in fragmented populations of 

rodents (Leung et al.  1993) and skinks (Cunningham & Moritz  1998) however 

historical events obscure the present patterns of organism distribution (Sumner et al.  

1999).  Studies examining reptiles in fragmented environments are limited but show 

species specific responses to habitat disturbance (Sarre & Dearn  1991; Sarre et al.  

1995; Losos et al.  1997; Cunningham & Moritz  1998; Foufopoulos & Ives  1999).  

 

 

The results of the ICI metric are compared with field data collected by Joanna Sumner 

as part of her Doctoral studies at the University of Queensland, on the Prickly Forest 

Skink, G. queenslandiae, from Tropical Australia.  Sumner’s study was chosen 

because of the relative simplicity of the environment (i.e. limited heterogeneity of 

vegetation types) and the restricted home range of the target species.  The Prickly 

Forest Skink is endemic to the rainforests of north Queensland and are restricted to 

the rotting logs of rainforests (Sumner et al.  1999).  They live-bear one to five young 

in the late wet season and due to their reluctance to traverse the pastureland, are 

confined to their isolated patches (Sumner et al.  1999).  There are large genetic 

differences between the south and north skink populations (Moritz & Joseph  1993) 

however this only expresses minor morphological differences (Sumner et al.  1999).  

 

 

The relative abundance, habitat availability, and morphological differences were 

investigated among skinks in fragments and nearby continuous forest sites (Sumner et 

al.  1999).  The selected sites (figure 1) were contained in an area with similar 
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geographic features and historical pressures.  The study sites contained skinks from 

the same population as defined by their mtDNA haplotype (Cunningham & Moritz  

1998).  The fragments ranged from less than one to sixty five hectares and were 

distributed with varying degrees of clustering.  All sites were composed of primary, 

complex notophyll vine-forest (Tracey  1982) and surrounded by cattle pasture which 

was argued to be hostile to Prickly Forest Skink movement (Sumner et al.  1999).  All 

the sites had undergone some form of selective logging over the past century and 

cattle had trampled certain sections.  Recently one patch (number nine) was 

significantly logged (Sumner, J. 1999, pers. comm.) and was therefore excluded in the 

statistical comparison with the ICI.  The isolated patches remaining are relatively 

similar in forest structure and composition (Tracey  1982). 
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Figure 1. 
Sampling sites for fragments (1-11) and continuous sites (A – H) on the Atherton Tablelands in tropical 

Queensland, Australia.  Background image is Landsat 5 TM band 4 captured on 14 September 1991 
and showing native forest as dark areas.  Cleared areas are lightly coloured. 
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3. Methods 

 

 

3.1 The operational processes used to execute the Isolate Connectivity Index 

 

 

The ICI is calculated using a series of steps executed in a Geographic Information 

Systems environment with either Avenue (version 3.1) or Arc Macro Language 

(Version 7.04).  The methods described here will outline the fundamentals of the 

process but not the programming steps (see appendix 1).  The analysis is based on 

vector coverages, however a raster version could be designed in the future. Vector 

coverages provide a clear demarcation of the boundary position for a patch.  The 

concerns with this method are the artificial delineation of boundaries across 

environmental gradients and the description of a homogeneous environment with the 

patch boundaries.  Raster or grid coverages can provide a stepped boundary for 

ecological gradients and can indicate heterogeneous resource distributions within a 

patch boundary.  However, the use of vector coverages describing habitat patches is 

widespread in the environmental management field and the analytical capabilities of 

common programs such as ArcView are vector orientated. 

 

 

In brief the ICI program allocates points in both the target and neighbourhood patches 

then calculates the distances between each point with adjustments for the deviation 

from a central line and to a prevailing force.  The sum of the inverse square of each 
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distance provides an indication of the relationship that each part of the target patch 

has with all sections of the neighbourhood.  

 

 

Eight processing stages form the core of the ICI calculation: 

1. Random points are created at a user-specified density located in both the selected 

target and neighbouring polygons (figure 2).  If an ecologically ‘sterile’ matrix 

exists (e.g. cleared land, water) then random points are not assigned to that zone.  

Clearly no environments are ecologically sterile and the use of the matrix, by the 

organism in question, will determine the applicability of an isolated island 

approach (MacArthur & Wilson  1967; Diamond  1975; Laurance  1991).   

 

 

Allocating points only to areas within selected patch boundaries serves to provide 

a representation of area rather than a substitute for organism or plot location.  In 

other words each random point does not represent an organism’s location but 

rather the potential space being utilised by an organism.  Considerable research 

has centred on point data analysis as an alternative to delineated boundaries with 

categorical mapping (Gatrell & Rowlingson  1994; Davis et al.  2000).  Points in 

set arrays could have also been used however these represent a regimented pattern 

that could mask complimentary patch patterns.  Another advantage of the random 

allocation point method is the ease by which the user can alter the number of 

points assigned.  Unfortunately, this introduces a twofold problem.  Small patches 

(relative to the point density) can miss having a point allocated.  This is a result of 

the point allocation programming, which measures polygon dimensions as a 
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bordering rectangle.  Points are allocated within the rectangle at the user-specified 

density and then the points are clipped out if they are located within the polygon 

boundary.  It is possible for the polygon not to contain any points and therefore to 

be completely excluded from further analysis.  For target polygons of suitable size 

this would defeat the application of the metric and so the program checks the 

number of points retained and repeats the allocation procedure until a minimum of 

one point is selected.  For the neighbour polygons, the random nature of the 

allocation will permit small polygons to occasionally fail to retain points, despite 

having sufficient area to be allocated points.  If the metric is repeated then points 

will eventually be allocated at a probability that is a function of the polygon area 

and the specified density.  Hence, the neighbour polygons are processed with no 

checks on the number of retained points.   

 

 
Figure 2 

Random Points are placed in the target (�) and neighbour polygons (�) at the user 
specified density.  For this figure, the density was two points per hectare. 
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The second problem concerns the distribution of points within the polygon.  At 

low densities, sections of a polygon will be unrepresented and this may cause 

confusion with regard to the interpretation of the results.  The critical parameters 

concerning scale are point density (grain) and analytical horizon (map 

extent)(Withers & Meentemeyer  1999).  Each point can be considered as 

representing an area (like a pixel), which can be overlapping with the areas of 

other points.  It is important to note that the spatial dimensions described by a 

point are never defined.  Thus if the grain resolution is set such that certain 

segments of the polygon are discarded then this is a normal function of the metric.  

The user needs to investigate the grain size, which is required in order to explore 

the research question (Wiens  1989; Gustafson  1998).  Critical to the success of 

this method is the consideration of the spatial tolerances used when mapping the 

boundary lines.  Clearly, fine resolution of the ICI will be obsolete if the initial 

line work contains locational errors that exceed the design tolerances.  The 

appropriate level of point density required to match the polygon tolerances 

remains to be explored. 

 

 

The target and neighbour polygons are permitted to overlap.  When this occurs the 

neighbour polygon points are removed from within the target polygon boundaries.  

In reality the target patch can nestled into a neighbour patch and the various patch 

shapes will still determine the interactions (Wiens et al.  1993).  Patch boundaries 

can overlap especially if the organism-centered approach is adopted (Gascon et al.  

2000).  Many metrics consider that connectivity between two patches is at a 

maximum when they share a common boundary.  However connectivity occurs 
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from all parts of a patch and intrusions may create situations that restrict the travel 

of some species (Laurance & Laurance  1999).  This ICI method allows evaluation 

of connectivity even when the patch is embedded in the neighbouring patch.  The 

basis for this stems from a gravity model developed by Smith (1975) which 

considers all points as potential contributors to the process under investigation. 

 

 

The user is required to determine the extent of the analysis in order to 

appropriately apply the ICI metric (Wiens  1989).  From a programming 

perspective, the extent is determined as the existence of polygons in the 

neighbourhood cover.  The computing power required is only now available for 

calculations with increased resolution for a larger area.  A distant point will 

contribute to the ICI total value with diminishing value.  Specification of a 

threshold value where distant points are not included permits the development of 

an analytical horizon based on separation distances.  Organisms with a large range 

or high dispersal will utilise very low ICI values (ie. the distant points are 

important) while the organisms with small home ranges or low dispersal will 

utilise only the high ICI values.  

 

 

2. The distance and angle are calculated between a random point on the target 

polygon and a point on the neighbouring polygon (figure 3).  The distance is 

calculated as an Euclidean two dimensional measurement using the formula;  

   
d = √[(x1-x2)2 +(y1-y2)2]                                              (1) 
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Where the distance (d) is the square root of the difference between two points with 

co-ordinates x1,y1 and x2, y2.  The projection of the geospatial coverages should be 

considered since the distortion will be magnified by the multiplying calculations.  

Patches close to the edge of projected coverage will be stretched when compared 

to central patches.  The region being compared should have similar distortion 

limits or exist in a geographic projection.  The assumption with this calculation is 

that the connecting distances are crossing a flat cost-travel surface.  Modification 

of the distance calculation to compensate for heterogeneity between points is 

worth examining.  The main obstacle to integrating this distance measure is the 

theoretical inclusion of multi-scale processes.  The point locations are not 

designed to mimic a specific organism location and a travel cost surface may be 

restrictive.  A broader approach with distances reflecting the structural 

configuration of corridors and ‘stepping stones’ (Keitt et al.  1997; Jansson & 

Anglestam  1999) might be feasible.  However the issue of determining the 

physical use of the landscape can be highly scalar dependant (Wiens  1989).  

Issues, such as effective corridor width, are only relevant to specified scales (La 

Polla & Barrett  1993).  The resulting dilemma may only be solved through the 

multiple applications of the ICI metric at different scales in a manner similar to 

the model proposed by Keitt et al. (1997). 

 

 

The angle is calculated as the Tangent of the differences in longitude divided by 

the differences in latitude for the two points (equation 2). 

 
   ∅ = Tan[(x1–x2)/(y1-y2)]                 (2) 
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The angle (∅) between the points (x1,y1; x2,y2 ) is used to for comparisons to the 

shape penalty and the orientation to the angular forces described in later steps. 

 
Figure 3. 

The distance and angle are calculated for the connecting line between the target 
point and the neighbour point. 

 
 

3. The shape penalty is imposed for points deviating from a connecting central line.  

Here the point-to-point deviation from a line connecting the centre points of the 

target and the neighbouring polygons (equation 3) is added to the distance 

between the two random points (figure 4; equation 4).   

 
p = Sin(a) x d                                      (3) 
dt = d + p    (4) 
 

The shape penalty (p) is calculated as the sine of the angle (a) between the point-

to-point vector and the centre-to-centre vector multiplied by the distance (d).  

Applying the penalty involves the addition of the deviation (p) to the point-to-

point distance (d) to create a total distance (dt).  The effect of this step is to 
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decrease the ICI for deviations from a cluster or circle.  The ICI is maximised 

when the target and the neighbour polygon are circles.  The ICI is also maximised 

when either the target or neighbour polygon extends in an elongated shape that is 

parallel to the centre-to-centre line.  This situation would occur in a thin corridor 

directly leading to a patch.  This approach is based on minimising edge effects but 

the method warrants further investigation.  Edge effects are considered to have 

maximum change potential when the perimeter to area ratio is highest (Sisk & 

Margules  1993; Laurance  1997; Keyser et al.  1998; Fagan et al.  1999).  This 

relationship dominates the methods of calculating shape effects.  From fractal 

dimensions to perimeter-shape ratios, indices record the boundary convolutions as 

a weaving line surrounding the patch area (O'Neill et al.  1988a; Ritters et al.  

1996).  Exceptions to this approach include the radial searchline technique 

(Gulinck et al.  1993) and the potential surface method (Smith  1975).  
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Figure 4. 

One target point (t) is selected and the distance (d) measured to a neighbour point (n). 
The angle (a), of the point to point vector, relative to the angle of the centre point 

vector determines the shape deviation (p)= sin(a) x d.  The deviation is added to the 
distance between the random points. Notice that shape, position, proximity and size of 

both the neighbour and target determines the extracted values. 
 
 
 
The radial searchline technique uses a number of radial arms that are encompassed 

within the polygon shape (Smith  1975).  This technique measures shape and area 

in the one index but is not sensitive to highly convoluted shapes.  The potential 

surface method is designed to create area measurements from point data using the 

weighted distance to define the ‘influence’ at any point (Smith  1975).  This 

method is not normally applied to the measurement of shape configuration yet the 

idea provided the basis for the ICI shape calculations.  The ICI metric uses a 

different approach where the deviation from the common centre line, joining the 

target and neighbour polygons, is used.  This ensures that the shape and 

orientation of both the target and neighbour polygon influence the shape 
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deviation.  For instance if one polygon is an elongated shape, like a roadside 

corridor, and the neighbour polygon is situated at the end of the corridor then the 

shape deviation will be less than if the neighbour was located adjacent to the 

target polygon.  However, the distances between random points for the adjacent 

neighbour will be less since the polygons are situated with minimal centre point 

separation.  The final ICI value could potentially be contrary to the shape 

deviation since the combination of distance, area and shape influence the final 

value.  The ecological principle here is that connectivity is enhanced when 

interacting patches are tightly distributed around the centre axis.  Less emphasis is 

placed on the role of edges but rather the distribution of resources.  Future 

incorporation of edge penalties could be possible using the distance of a point 

from the boundary edge within the calculations. 

 

 

4. An adjustment is made for angular influences.  The user specifies a polar angle 

direction and intensity that might represent a force such as predominant wind.  As 

the point-to-point angle deviates to 90 degrees from the force, the modification 

factor increases from the inverse of the intensity value to one (equation 5).  This 

effectively lengthens the ‘shadow’ from the neighbour polygon by reducing the 

distance between the points.  From 90 to 180 degrees, the intensity factor 

increases from one to the intensity value (equation 5).  As the neighbour points are 

positioned ‘down wind’ of the target points, the effect is to reduce the influence 

from the neighbour.  The change in intensity is presently calculated as a cosine 

function of the deviation from the force direction (equation 5).  
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Mf = I(-Cos (a
f
))   (5) 

 
 
The modification factor (Mf ) is a function of the intensity (I), the difference in 

angle (af) between the force and the point-to-point angle.  The development of this 

force function was due, in part, to contributions by Heather North from LandCare 

New Zealand.   

 

 

Very few studies have considered the ecological flow changes with respect to 

wind or other angular forces (ie. ocean currents).  Exceptions include the study of 

woody plant dispersal in fragmented environments prone to changes in wind 

penetration (Sarlov Herlin & Fry  2000), stream communities with moving water 

disturbance (Palmer et al.  2000) and the changes in edge environments exposed to 

wind in rainforest fragments (Laurance  1997).  None of these studies attempted to 

calculate a numerical relationship between force direction and force and 

ecological effects. 
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Figure 5. 

The application of a force on the distance measurements.  The parallel component 
(df) of the vector joining the target and neighbour points is calculated.  The 

intensity value then modifies the distance depending on the respective status as 
‘upwind’ or ‘downwind’ of the target polygon (equations 5). 

 
 
 

5. The inverse square of the accumulated distance (distance plus shape penalty) is 

calculated and multiplied by a scaling factor of 1000 (equation 6).  The scaling 

factor increases the value of the ICI to more manageable figures.  The inverse 

square function used here was based on the light intensity formulae used in other 

indices such as Mean Proximity Index (McGarigal & Marks  1995).   

 
ICIpp = 1000/(df

2 .Mf
 ) where df = dt if force is zero    (6) 

 
The point-to-point ICI value (ICIpp) is the result of the inverse square of the 

accumulated distance (df) multiplied by the modification factor (Mf).  
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6. Steps two to five are repeated with the remaining points present in the neighbour 

polygon for the same target point (figure 6).  This process measures the 

relationship between a point on the target with every other neighbour point 

(equation 7).  This repetition is based on the principle that any area of a target 

patch will interact with the neighbourhood irrespective of its location within the 

patch.  The closer the target points are to the neighbour points then the higher the 

ICI value.  Importantly the contribution to the ICI includes all areas of the target 

and neighbour patches.  Most measurements of proximity only examine the 

interaction between one small part of a patch to another small part and fail to 

include the influences from the surrounding sectors (Rickers et al.  1995; Keitt et 

al.  1997).  

 
ICInp = ∑ ICIpp   (7) 

 
The partial ICI for the target point to all neighbour points (ICInp) is the summation 

of the individual ICI values between points (ICIpp) for the particular neighbour 

polygon being analysed. 
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Figure 6. 

Repeating the measurement for each of the neighbour points. 
 
 
 

7. To complete the comparison for the selected neighbour the steps two to six are 

repeated with each of the remaining points in the target polygon (equation 8).  

This means that every point in the target polygon is compared to every point in the 

neighbour polygon.  The sum of the calculations for each point to point then 

provides a subtotal of the ICI for the selected neighbour polygon.  Each neighbour 

polygon is attributed with the subtotal ICI in order to view the regional influences.  

The ecological principle is the same as for step six, which is that there is 

interaction between all locations of the landscape.  At the end of the calculations, 

for the particular target and neighbour polygon, the ICI subtotal is recorded as an 

attribute of the neighbour polygon.  This provides an indication of the ICI polygon 

values for the entire extent in the landscape.  Also recorded for each neighbour 

polygon is the centre-to-centre angle and distance. 
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   ICInt =  ∑ ICInp                                   (8) 
 

The partial ICI for all the target points to all neighbour points (ICInt) is the 

summation of the individual ICI values between target-to-all-neighbour points 

(ICInp) for the particular neighbour polygon being analysed.  The ICInt is attached 

in the attribute table to the specific neighbour polygon for subsequent display and 

analysis. 

 
 
 

8. For the remaining neighbourhood polygons steps two to seven are repeated.  The 

summation of the subtotal for each neighbour-target comparison provides the ICI 

for the target polygon.  This looping process is seen in equation 9. 

Equation 9. 
The ICI total is the summation of the distances between  

all target-to-neighbour points for all neighbours. 
 
 
 
The construction of the parameters and analytical design are continually under 

revision and several key areas are considered to be urgently requiring modification.  

The two main sections of concern are the application of a force angle and the upgrade 

from Euclidean distance to travel-cost surface distances.  Minor sections of concern 

are the incorporation of neighbourhood clustering, incorporation of ecological 

gradients (instead of binary patch frameworks), analysis of multiple focal patches 

when considered to be operating as a single patch and the application to heterogenous 
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landscapes.  These concerns are highlighted within the methodology and explored in 

the discussion. 

 
 
 
3.2 Performance of ICI metric under simulation conditions 

 

 

The behaviour of ICI (using the Avenue script version) to polygon configuration 

changes is demonstrated with five simulations.   

1. The first involves applying ICI to a circle moving closer to a rectangular 

neighbour.  A circle of 520 metres radius is first measured with a centre point 

separation of 4298 metres.  The circle is moved closer and measured with centre 

point separations of 3271, 2236 and 1425 metres.  The final move overlaps the 

circle with the rectangle.  A rectangle is used as the target patch only through ease 

of construction.  

2. The second polygon manipulation increases the size of a circle while maintaining 

the circle’s stationary centre point.  The size values are 14.8, 36.3, 86.4, 149.2 and 

288.8 hectares.  The centre point separation to a rectangle, is 4298 metres for all 

the circles.  

3. In the third example, the circle is distorted to a star shape and the ICI is compared 

to the shape index; 

 
 Shape Index =            (McGarigal & Marks, 1995 ). (10) 
 
 
 

The centre point separation of 4298 metres is maintained to a rectangle, while the 

circle distorts into a star.  Table 1 outlines the dimensions.  The stars were 

 Perimeter 
2√(π * Area) 
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constructed to have comparatively similar areas but this proved to be a difficult 

task and the areas consequently fluctuated. 

 
 
 

Table 1 
Dimensions for the Circle Convoluting to a Star 

 
Shape no. Area (m2) Perimeter (m) Shape Index 
Star 1 864130 3295 1.000 
Star 2 830691 6247 1.934 
Star 3 672771 11099 3.817 
Star 4 618039 20010 7.180 

 
 
 
4. A polygon is rotated whilst maintaining a fixed centre point (figure 7).  The ICI is 

calculated at two points per hectare and no angular forces are used.  Several 

geospatial tools use the distances between centre points to describe the locational 

proximity of a polygon to its neighbours (Hof & Flather  1996).  The only metrics 

that would detect a change in the polygon configuration are those that are based 

on measuring edge to edge distances, such as nearest neighbour, and proximity 

indexes (McGarigal & Marks  1995) as well as the ring statistic (Wiegand et al.  

1999) and landscape graphs (Keitt et al.  1997). 
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Figure 7 
Rotation of a shape around a centre point for four different  

angles (0, 90, 180 & 270 degrees for polygons 1, 2, 3 & 4 receptively) 

 

 

5. A polygon is rotated and moved so that the edge to edge distances remain constant 

(figure 8).  Only the ring statistic index, that examines the density of neighbour 

polygons as a function of distance from target (Wiegand et al.  1999), would 

detect the differences in these configuration changes.  The ICI is calculated with a 

density of two points per hectare and no angular force.   
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Figure 8. 
Rotation and movement of a polygon to maintain a constant edge to edge distance. 

 

 

3.3 Simulations of changes in user specified variables  
 
 
To evaluate the changes in ICI, for user specified values, real vegetation patches from 

the Millaa Millaa study area were used (figure 1).  By using real patches, the 

behaviour of the metric was enhanced as the fine convolutions and patch distributions 

align with existing landscapes.  The four variables of point density, force direction, 

analytical horizon and force intensity were manipulated.   

1. The density was computed with values of 1, 2 and 5 points per hectare for all 

patches 1 to 11.  The extents were maintained as five kilometre buffers.  The point 

density determines the grain of the ICI within the restricted confines of the 

boundary mapping accuracy.  This manipulation provided an indication of the ICI 
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behaviour rather than an assessment of the number of points required to match 

mapping tolerances. 

2. To examine the variability of ICI, as a function of point density, patch number six 

was measured five times with densities of 0.5, 1, 2 and 5 points per hectare.  Patch 

six has an area of 59611 metres square, a perimeter of 1248 metres and a shape 

index of 1.442.  Variability of the ICI metric, through the random allocation 

process, introduces additional complexity when evaluating the results.  Variations 

in density will have the greatest predicted impact on ICI variability because as the 

number of points increase the variation, in percentage terms, decreases.   

3. To observe the force effects the angle was increased from 0 to 360 degrees by 45 

degree increments while the intensity was calculated for 2, 5 and 10 for patch 

three.  Patch three is a small patch (area: 10286 m2, perimeter: 454m) that is 

situated between two large patches and is likely to exhibit the largest response to 

angular forces.  The intensity values are without units and the user may be 

required to experiment with what values are appropriate. 

4. Exploration of the effect that increasing the analytical horizon has on the ICI was 

explored by increasing the buffer distance from one to twelve kilometres in one 

kilometre increments for island 6 (figure 1).  Figure 9 shows all twelve buffer 

boundaries and indicates the neighbour polygons that are included in the analysis.  

Each buffer polygon also contains the neighbour sections for the small buffer 
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polygons. 
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Figure 9. 
Buffer distances from one to twelve kilometres from island 6 (red central polygon). 

 
 
 
3.3 Comparison with field data 
 
 
 
The ICI was used to evaluate the spatial connectivity of the fragmented complex 

notophyll vine-forest (Tracey  1982) on the Atherton Tablelands, Australia (figure 1).  

The ICI values were then compared to field data collected for a doctoral study on the 

morphological changes in the Prickly Forest Skink, G. queenslandiae (Sumner et al.  

1999).  Utilising the ICI required two stages:  
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• determination and analysis of patch boundaries; 

• regression analysis to skink demographic data. 

Prickly Forest Skinks (figure 10) occur only in the rainforest habitat of north 

Queensland (Cunningham  1993).  Determining the patch size would ideally be based 

on the utilisation of the landscape by the organism (Johnston  1993).  Rotting logs are 

the preferred habitat and Sumner et al. (1999) believes Prickly Forest Skinks are 

reluctant to traverse the pasture and are therefore trapped in their respective isolated 

rainforest patches.  Unfortunately the surveys conducted by Sumner et al. (1999) did 

not record the detailed locational information required to spatially describe the rotting 

log habitat.  To settle this dilemma the study adopted the rainforest remnant as the 

patch and focused on the ecological processes effecting the individual patches.  The 

effect of this change in focus, between an organism based and a structurally based 

patch definition, is that the assumption that a homogeneous environment exists within 

the patch can mask the heterogeneity of the rainforest fragment (O'Neill et al.  1988b).  

Log based patches may have highlighted the resource utilisation of the landscape from 

a skink perspective (Li & Reynolds  1995).  
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Figure 10. 
Prickly Forest Skink on rotting log.  Photo: J. Sumner 

 
The eleven patches surveyed were surrounded by pasture and ranged from less than 

one to sixty-five hectares.  Establishing the appropriate grain and extent for the 

Prickly Forest Skink was based on the smallest patch size of half an hectare.  

Difficulties arose trying to map the rainforest at this tolerance due to the limited 

resources available.  The vegetation boundaries were mapped using a combination of 

1991 Landsat TM manual digitisation and 1:50,000 topographical maps.  The 

boundaries of the rainforest are sharp and the spectral signatures of pasture and 

rainforest are highly contrasting.  The error in the mapping (+/- 50 metres) is 

sufficiently large to change the value of ICI, when calculated at a point density of 

three points per hectare.  Unfortunately, vegetation mapping at 1:25,000 is not 

presently available.  Boundary alterations for the period 1991 to 1997 were supplied 

by Joanna Sumner. 
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The selection of the neighbour polygons was achieved by buffering the target 

polygons by five kilometres and clipping out the remaining forest to this buffer.  The 

buffering distance was selected as a compromise between computing capacity and 

resolution required.  The transfer of ecological resources certainly extends further 

than five kilometres (Newell  1999; Law & Lean  2000) but to what degree the 

Prickly Forest Skinks are sensitive to small changes remains unknown.  Critical to this 

decision are the spatial and temporal scales that influence the ecological processes.  

For instance pollination of certain trees may be disrupted but their longevity masks 

the changes taking place (Crome  1997; Laurance et al.  1997).  Frugivorous birds, 

such as Rose Crowned Fruit-Doves and Pied Imperial-Pigeons, exhibit a fifty 

kilometre horizon of influence in the rainforest of Northern Territory (Price et al.  

2000). 

 
 
 
Alternative methods of determining the analytical extent may include catchment 

boundaries or minimum value thresholds.  As the distance between the target and the 

neighbourhood points increases, the contribution to the value of the ICI decreases (as 

a consequence of the inverse distance function).  Thus, a minimum contribution value 

could be set which would effectively impose an analytical horizon.  The threshold 

value would need to be determined by the sensitivity that an organism has to isolation.   

 
 
 
Sumner et al. (1999, p.160) surveyed sites ‘…twice in the late dry season (November 

1995 and 1996) and twice in the late wet season (April 1996 and February 1997).’   

Eleven patches and eight continuous forest sites were surveyed (figure 1).  Additional 

surveys of the isolated remnants occurred in November 1997 and February 1998.  The 
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sites were chosen to be within the same mtDNA haplotype grouping (Cunningham  

1993) and to have had similar long-term processes such as logging and cattle grazing 

(Winter et al.  1987).  Each patch was surveyed for twelve person hours or until the 

entire patch was covered (table 2).  Captured animals were weighed, measured, sexed 

and released at the point of capture (Sumner et al.  1999).  Morphological characters 

recorded included sex, snout-vent length, total length, inter-limb length, head length, 

head width, jaw length and weight.  Log availability and condition was recorded along 

two ten by fifty metre strips for each site.  Sumner et al. (1999) captured 1052 skinks 

of which 743 were from continuous forest and 309 from isolated patches.   

 
 
 

Table 2. 
Site Identification Number and Captures Per Hour from Sumner et al. (1999). 

 
Site 

identification 
Name Number 

found 
Search hours Captures 

per hour 
A Millaa Millaa Lookout 23 14.4 1.59 
B Reynolds 57 13 4.38 
C Brotherton 62 10.75 5.77 
D Pepina Falls 25 18 1.39 
E Mt Father Clancy 108 16.3 6.63 
F Sutties Gap Rd 1 22 13 1.69 
G Sutties Gap Rd 2 19 3 6.33 
H Massey Creek 345 86.75 3.98 
1 Woolward 1 2 3.83 0.52 
2 Woolward 2 1 2.5 0.4 
3 Carmichael 0 3.65 0 
4 Maalan Rd 51 11.5 4.43 
5 McInnes 15 12 1.25 
6 Pat Daley park 21 15.5 1.35 
7 Waltham 34 18 1.89 
8 Souita Falls 15 15 1 
9 Trantor 21 17 1.23 
10 Whiteing Rd 66 15.5 4.26 
11 Millaa Millaa Falls 70 14 5 

 
 
 
The ICI program was run with a point density of three per hectare and an angle 

weighting of two from the southeast.  A southeasterly wind has been described as the 
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predominant wind direction in the Millaa Millaa region (Neil Blanckensee 1999, pers. 

comm.).  The value of two for intensity is simply an estimate based on the ICI 

changes due to wind intensity.  This method of intensity variable assignment needs 

more research.  Wind has been shown to alter microclimate (Miller et al.  1991; 

Turton & Freiburger  1997) and alter dispersal patterns (Sarlov Herlin & Fry  2000) 

and these changes may impact on the skink abundances.  However since the ICI is 

used for comparative analysis between the isolated remnants, the intensity value may 

not have to be finely defined. 

 
 
The ICI values for each isolated patch were compared to the catch rate per hour using 

linear regression analysis.  Linear regression was also used to test for a relationship 

between patch area, shape index, nearest neighbour distance and skink capture rate.  

STATISTICA 5 (Anon  1997) was used for all analyses.  Additional metrics could not 

be tested for two reasons.  Firstly several metrics did not consider a single target patch 

but rather provided a measure for the entire landscape.  Secondly, the geospatial 

software tools required to utilise some metrics were not available.  

 
Patch number nine (Trantor) was excluded from these analyses because of recent 

logging disturbance.  All other patches have a similar history and so to avoid 

confounding heterogeneous effects the regression analysis only used the remaining 

ten patches.   
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4. Results  
 
 
4.1 ICI performance simulations 
 
 
The ICI measurements for a circle located at a variety of distances from a rectangular 

neighbour (table 3) show an exponential relationship (figure 11).  As the circle 

approaches the rectangle, the ICI values increases exponentially.  

 
 

 
Figure 11. 

The change in ICI when a target circle (1 →4) approaches a rectangular 
neighbour as measured by the distance between polygon centres.  The curve is 

an exponential function {ICI=146.339*exp( -7.806e-4*CentreDistance)}.  
Deviation from a perfect fit to the curve is a result of variations in random 

allocation of point position.  The graphics of the four circles and the rectangle 
within the graph are the actual polygons used for the analysis. 
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Table 3 

The ICI values derived from moving a circle close to a rectangle as measured 
by the distances between the centres. 

 
cases ICI Centre 

distances (m) 
1 5.6 4298 
2 9.54 3271 
3 27.64 2236 
4 48.45 1425 

 
 
 
A similar relationship is observed for a star distortion (table 4; figure 12) which shows 

the ICI decreasing exponentially as the shape becomes more convoluted.  The shape 

index (equation 10) used indicates the deviation from a circle which has a value of 

one (McGarigal & Marks  1995).   

 
 

Table 4 
The ICI values derived from a circle convoluting to a star shape.  The distortion is 

measured by the shape index (equation 10). 
 

cases ICI Shape 
Area (m2) 

Shape perimeter 
(m) 

Shape Index 
(Equation 2) 

1 circle 5.600 864130 3295 0.999 
2 partial star 4.759 830691 6247 1.933 
3 star 4.215 672771 11099 3.817 
4 pointed star 3.802 618039 20010 7.180 
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Figure 12. 

The change in ICI when a circle (1) distorts to a star (4) near a rectangular 
neighbour.  The shape index is based on equation 10.   

The curve is a logarithmic function {ICI =5.489+-2.075*log10(ShapeIndex)}.  
The graphics of the stars and the rectangle, shown within the graph, are the 

actual polygons used for this analysis. 
 
A linear relationship is observed for the increase in size of the target polygon (figure 

13; table 5).  The ICI values increase directly in proportion to the area increase. 

 
 

Table 5 
The ICI values derived from a circle enlarging relative to a rectangle. 

 
cases ICI Area of circle (ha) 

1 0.891 14.849 
2 2.430 36.386 
3 5.600 86.413 
4 10.300 149.245 
5 19.610 288.846 
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Figure 13. 

The change in ICI when the circle size (1→5) increases near a rectangular 
neighbour.  The line is a linear function: ICI=-0.119+0.068*SizeofCircle.  The 

graphics of the circles and rectangle, contained in the graph, are the actual 
polygons used for analysis. 

 
 
The ICI values for a polygon rotating about a centre point are presented in table 6.  

The ICI values are highest when the area of the polygon is closest to the target 

polygon as occurs with polygons 2 and 4 (figure 7).  Polygon 3 has the least ICI value 

since the majority of the area is placed the greatest distance away. 

 
 

 
Table 6. 

ICI values for a rotated polygon around a central point 
 

Polygon ID ICI 
1 5.657 
2 10.599 
3 3.744 
4 10.236 
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The ICI values for a polygon rotated and moved so that the edge to edge distances 

remain constant is shown in table 7.  The ICI values indicate the spatial distribution of 

the neighbouring polygon area with relation to the target.  Polygon 1 has an ICI value 

that is less than the ICI value for polygon 2 because of the shape penalty calculation.  

The shape penalty maximises the ICI when the shape is circular or aligned with the 

centre to centre line.  The ring statistic would detect the change in area distribution for 

polygons 1 and 4 but not be able to determine the shape or alignment change.  

Polygons 3 and 4 have similar ICI values indicating the increase in proximity for 

number 4 is offset by the increased area close to the target for number 3.  These fine 

measurements of size, shape, position and proximity within the ICI elude alternative 

indices.  

 
Table 7. 

Results of rotating and moving a polygon to maintain 
a constant edge to edge distance 

 
Polygon ID ICI 

1 5.657 
2 6.223 
3 4.418 
4 4.563 

 
 

 
 
4.2 User specified variable simulations 
 
Increasing the density of random points (used to calculate the ICI) exponentially 

increases the ICI value (figure 14; table 8).  The time to process each large polygon 

(10 & 11; figure 1) at the point density of five per hectare on an Intel 333 MHz 

Personal Computer was approximately 48 hours.  The ability to repeat measurements 

was therefore considerably restricted. 
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Table 8. 

The change in ICI for densities 1, 2 and 5 points per hectare for patches 1 to 
11, excluding patch 9 (figure 1). 

 
cases ICI: Density = 1 ICI: Density = 2 ICI: Density = 5 

1 0.273 0.573 4.072 
2 0.262 0.511 6.549 
3 0.468 1.427 7.499 
4 0.250 2.806 12.110 
5 0.132 1.132 6.208 
6 0.854 3.678 22.947 
7 0.755 2.010 20.450 
8 1.310 4.260 21.271 
10 11.156 35.517 235.155 
11 4.961 20.550 124.710 

 

 
 

Figure 14. 
Comparison of ICI value (logarithmic scale) for each habitat patch (1 to 11; 

figure 1) for densities of 1, 2 and 5 points per hectare. 
 
 
The random points are distributed at the density specified by the user in a rectangle 

surrounding the polygon.  Only the points within the polygon are retained.  The 

probability of point retention is a function of the number of points created within the 

rectangular frame.  Fluctuations in point retention influence the ICI value in 
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proportion to the number of total points retained.  Low numbers of points can increase 

the probability of significant fluctuations in ICI value.  For instance, a polygon that on 

average retains three points will have the ICI reduced by thirty three percent if one of 

the points is situated outside the polygon.  A larger polygon that retains 10 points on 

average will only be reduced by ten percent if a point is situated outside the boundary.    

Repeating the ICI calculation five times for a variety of densities (table 9; figure 15) 

shows the low-density ICI values having a higher variability (figure 16).  

 
 
 

Table 9. 
The change in ICI when repeated with different densities and applied to patch 

number six. 
run ICI: Density = 0.5 ICI: Density = 1 ICI: Density = 2 ICI: Density = 5 
1 0.155 0.697 4.605 20.205 
2 0.146 0.285 4.036 21.686 
3 0.143 0.738 3.396 15.840 
4 0.284 0.717 3.958 14.312 
5 0.072 0.719 3.750 21.290 
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Figure 15. 
ICI with five repetitions, for changes in density when applied to patch number 

six (figure 1).  Densities were 0.5, 1, 2 and 5 points per hectare.  
 
 
 
 
 
 



Page 58  

Density of points per Hectare

Lo
g 

(IC
I)

-1.4

-0.8

-0.2

0.4

1.0

1.6

0.5 1 2 5

Mean+SD
Mean-SD
Mean+SE
Mean-SE
Mean

 
 

Figure 16. 
Box-whiskers plot of variation in ICI, over 5 repetitions, for changes in 

density when applied to patch number six.  The variation in ICI increases as 
the density of points decrease. 

 
 
 
The dispersal of abiotic and biotic material across the landscape is one of the 

fundamental processes defining ecological connectivity (Lavorel et al.  1995; 

Gustafson & Gardner  1996; Lavorel et al.  1999; Kindvall & Petersson  2000; Sarlov 

Herlin & Fry  2000).  Forces such as wind can extend or contract the dispersal range 

(Sarlov Herlin & Fry  2000).  Dispersal from a patch will be increased ‘down-wind’ 

and decreased ‘up-wind’.  The effect of this influence is to alter the footprint that a 

patch has on the neighbouring landscape. A force  is applied to patch number three 

(figure 1) with an intensity of 2, 5 and 10 for the eight major points on a compass 

(figure 17; table 10).  To the east of patch number three is a large patch (651 hectares) 

which increases in ICI value with the application of a easterly force.  A 40 hectare 

patch (patch number 10; figure 1) lies to the west but the shadow effect of a westerly 
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force is negated by the ‘down-wind’ reduction of the larger easterly patch. When the 

force increases to 10 the large distant patches begin to influence the ICI value.  Open 

spaces to the north and south ensure minimal change in ICI for forces originating 

from these cleared areas.  The interesting effect that a force has highlights the 

complexity of modelling dispersal processes. 

 

 
Table 10. 

The changes in ICI when a force of varying intensity is applied to patch 
number three.  The ICI is run with a density of 2 points per hectare and a 5 

kilometre analytical horizon. 
 

Origin of wind Angle ICI: Intensity = 2 ICI: intensity = 5 ICI: Intensity = 10 
North 0 7.31 23.6 21.7 
NE 45 17.57 37 25.1 

East 90 13.5 46.2 25.9 
SE 135 20.2 24.1 41.3 

South 180 19.9 24.2 18.91 
SW 225 12.1 21.3 25.4 

West 270 13.3 19.6 34.1 
NW 315 6.72 9.6 17.1 
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Figure 17. 

Changes in ICI (displayed on radial axis) when a force, such as wind, of magnitude 2, 
5 and 10 is applied to patch number three (figure 1).  The five kilometre horizon 

around patch 3 is shown with a LandSat5 image background. 
 

The principle effect that the application of force generates is the distortion of the 

horizon of influence.  Distant patches that are ‘upwind’ of the target patch are able to 

influence the value of the ICI when previously they were insignificant contributors.  

To evaluate the effect that changing the horizon distance does to the ICI the patch 

number 6 was buffered in one kilometre increments from one to twelve kilometres 

(figure 9).  The ICI values (figure 18) show a steep increase as the distance increases 

to six kilometres then a threshold is reached at approximately seven kilometres.  This 
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would indicate that the optimum analytical horizon would be at seven kilometres for 

island 6 patch.  It would be expected that each patch would have a unique threshold as 

a function of having a unique neighbour configuration.  The sensitivity of the target 

species to the threshold analytical horizon is unknown and was not investigated due to 

time constraints. 

 

Figure 18. 
Increases in ICI value as the horizon is increased by one kilometre increments. 

 

The computation of the ICI consists of summing the individual target to neighbour ICI 

values (ICInt; equation 8) that are generated for each target to neighbour polygon 

interaction.  The ICInt values for each neighbour are retained in the creation of a new 

neighbourhood coverage.  When displayed, as for patch eleven in figure 19, the user 

can ascertain the contribution from each neighbour polygon.  The extruded height is a 

measure of the relative ICI value that the neighbour polygon has with the target.  The 

sum of the neighbourhood heights equals the extruded height of the target. 
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Figure 19. 

Individual neighbour ICInt contributions (equation 8), shown by extruded 
height, with relation to centre target patch number eleven (figure 1).  The 
higher the neighbour patches the greater the ICInt value.  This implies that a 
larger ecological exchange occurs between the higher patches and the target 
patch than for the lower patches.  The target patch is also extruded to the sum 
of the ICInt for all the neighbour patches.  Neighbourhood selection horizon of 
5 kilometres is shown as the ground layer.  The view is facing north with 
illumination at thirty degree elevation from the south east.  This particular ICI 
was calculated with two points per hectare and no force. 

 
 
4.3 Prickly Forest Skink study 
 
 
ICI (Density = 3, Force = 2 & Angle = 135) values for the ten patches ranged from 

0.92 to 120.60 (table 11 ; figure 20).  Linear regression revealed that ICI was a 

significant predictor of capture per hour (r2
adj= 0.637, F1,8 = 16.844, P< 0.003 ).  As 

the ICI increased the capture rate per hour increased.  Calculation of the ICI with out 

any force applied also revealed a significant relationship with captures per hour (r2
adj= 
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0.518, F1,8 = 10.691, P<0.011). The Log10 of patch area alone has a significant 

positive relationship with skink abundance (r2
adj= 0.629, F1,8 = 16.301, P< 0.003). 

Shape index, according to equation 10 and nearest neighbour distance showed no 

significant correlation (r2= 0.071, F1,8 = 0.617, P< 0.4; r2= 0.068, F1,8 = 0.586, P< 0.4 

respectively) . 

 
 
 

Table 11. 
Collected data and spatial measurements for the fragmented rainforest patches in the 
Millaa Millaa region.  Site identification numbers, log number and captures per hour 
follow Sumner et al. (1999) study.  Patch area and perimeter are generated from the 
remote sensed mapping.  Nearest neighbour distance is calculated as the minimal 

distance to the boundary of the nearest neighbour.  Shape index calculated from the 
area and perimeter measurements (equation 11).  ICI calculated with density of three 
points per hectare, angle of one hundred and thirty-five degrees and a force of two. 

 
 
Site 
Id. 

Patch 
Area (m2) 

Patch 
perimeter 

(m) 

Nearest 
neighbour 

distance (m)

Log 
num. 

(Sumner 
1999 
pers. 

comm.)

Shape 
Index 

Captures 
per hour, 

(Sumner et 
al. 1999) 

ICI 
Density=2 
Angle = 135 
Force = 2 

LOG10ICI

1 3843 296 775 12 1.34 0.52 .92 -.036 
2 6345 380 1046 17 1.34 0.4 1.62 .210 
3 10286 454 60 19 1.26 0 1.88 .274 
4 24573 835 255 21 1.50 4.43 10.63 1.027 
5 12052 617 344 18 1.58 1.25 1.92 .283 
6 59611 1248 774 10 1.44 1.35 8.75 .942 
7 26400 1017 798 19 1.76 1.89 6.17 .790 
8 19978 738 534 18.5 1.47 1 11.24 1.051 
9 241926 2227 840 20.5 1.27 1.23 39.52 1.597 
10 363125 3841 80 25 1.79 4.26 120.60 2.081 
11 650617 3577 704 24.5 1.25 5 40.80 1.611 
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Figure 20. 
Relationship of ICI to captures per hour (captures per hour =0.135 + 
2.278*Log (ICI)) for patches 1 to 11.  As the connectivity increases, 

(measured as an increase in ICI) the captures per hour increase.  Labels 
indicate the patch identity (figure 1).  Patch 9 is shown but not included in the 

linear line fit since this patch was excluded from statistical analysis. 
 
 
The program that calculates the ICI also records other statistical information including 

mean ICI for each neighbour polygon, minimum neighbour ICI value, maximum 

neighbour ICI value, number of neighbour polygons, range of neighbour ICI values, 

variance of neighbour ICI values and the standard deviation of the neighbour ICI 

values.  These values are shown in table 12 for the Prickly Forest Skink analysis.  The 

value of these additional measurements is not certain but the potential to measure a 

range of clustering effects exists. 
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Table 12. 
Additional statistical information for the analysis of the Prickly Forest Skink. 

 
Patch Id ICI MEAN Cases Minimum Maximum Standard 

Deviation 
Variance Range 

1 0.92 0.04 19 0 0.58 0.13 0.01 0.58 
2 1.62 0.07 21 0 1.37 0.29 0.08 1.37 
3 1.88 0.1 19 0 1.53 0.35 0.12 1.53 
4 10.63 0.36 21 0 4.53 1.09 1.2 4.53 
5 1.92 0.08 23 0 0.94 0.21 0.04 0.94 
6 8.75 0.3 29 0 4.09 0.77 0.6 4.09 
7 6.17 0.18 33 0 3.51 0.62 0.38 3.51 
8 11.24 0.69 22 0 9.55 2.42 5.9 9.55 
9 39.52 1.36 29 0 16.1 3.46 11.98 16.1 
10 120.6 4.46 27 0 46.81 12.4 153.7 46.81 
11 40.8 1.07 38 0 14.11 2.55 0.58 14.11 
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5. Discussion 
 
 
5.1 Evaluation of the Isolate Connectivity Index as a measure of spatial 
configuration 
 
 
 
The ICI provides a suitable measure of polygon to polygon connectivity.  The ICI 

changes observed between the simulated polygons for proximity, size and shape are 

consistent with the approach that patches that are large, close to neighbours, and 

compact are more likely to be ecologically interactive than small, distant, dispersed 

fragments (Forman  1995; Bastin & Thomas  1999).  This index is designed and 

succeeds at providing an indication of the interaction between isolated fragments 

using an ecological process framework (Gustafson  1998).   

 
The behaviour of the ICI in artificially constructed spatial configurations is predicably 

governed by the formulae used to construct the index.  The exponential increase in ICI 

as two polygons converge is a direct result of the inverse square law applied to the 

distances between random points.  McGarigal and Marks (1995) use the inverse 

square law, in their proximity index, to determine the effect that distance between 

polygons might have.  An important feature demonstrated with the use of the ICI is 

that separation relates to the entire area of the polygon and consequently separation 

can be calculated even when the polygons are overlapping.  With an organism-centred 

view of patch extent there is a possibility that overlap can occur with a suitable 

measure of separation.  

 

Measurement of the separation distances is by Euclidean geometry and ignores the 

heterogeneity of resources between patches.  Studies of organism behaviour show 
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evidence of dispersal patterns that do not adhere to the Euclidean distance rule 

(Lavorel et al.  1995; Rickers et al.  1995; Vos & Stumpel  1995; Farina  1997; 

Jansson & Anglestam  1999).  The channelling effects of stepping stones (Keitt et al.  

1997) and asymmetrical transfers (Gustafson & Gardner  1996; Kindvall & Petersson  

2000) combined with habitat gradients (Wiegand et al.  1999) meant that separation 

distances alone rarely gave an accurate representation of the processes in question.  

The calculation of influence, within the ICI, measures the Euclidean point to point 

vectors.  Realistically, ecological flow will be based on species specific travel-cost 

surfaces (Soule & Gilpin  1991; La Polla & Barrett  1993; Riffell & Gutzwiller  1996; 

Bowne et al.  1999; McIntyre & Wiens  1999).  Bats have been observed to modify 

the paths flown in order to remain close to vegetation patches and thus avoid open 

areas (Law & Lean  2000).  The inclusion of travel-cost surfaces will account for 

particular species preferences and future programming effort will explore 

incorporating alternative flow patterns.  This modification may also compensate for 

the lack of interaction between neighbours within the ICI routine.  The present routine 

considers the neighbour patches as independent patches when clearly interactions are 

occurring between all patches (Keitt et al.  1997).  In particular, when neighbour 

patches are closely located there will be an increased level of interaction that will 

modify the individual interaction with the target patch.  This will occur at a level 

higher than just the sum of the individual parts.  By incorporating the ecological 

interactions between neighbour patches ICI index will more accurately measure the 

connectivity.  Travel-cost surfaces or landscape graphs are potential spatial tools in 

this quest.  
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Increases in patch size show a linear increase in ICI, which reflects the additive 

function for the number of points available for processing on the target and neighbour 

polygons.  More than any other measure of landscape configuration, the size of the 

patch determines the ecological integrity.  Birds (Verboom et al.  1991; Warburton  

1997; Keyser et al.  1998), mammals (Laurance  1990; Laurance  1994; Fisher & 

Merriam  2000), reptiles (Sarre & Dearn  1991; Sarre et al.  1995; Losos et al.  1997; 

Forys & Humphrey  1999; Foufopoulos & Ives  1999; Sumner et al.  1999), insects 

(Jonson & Fahrig  1997; Wiens et al.  1997; Collinge  1998; McIntyre & Wiens  

1999), fish (Waltho & Kolasa  1996; Miller et al.  1997) and plants (Stohlgren et al.  

1997; Bastin & Thomas  1999) all demonstrate either strong positive or negative 

correlation with patch size.  Increasing the area of a patch increases the ICI more than 

any other variable.  This is directly due to the multiplying effect from all neighbour 

points being measured against all target points.  Each additional neighbour point 

creates a distance measurement to a number of target points.  Conversely, every 

additional target point creates a distance measurement to a number of neighbour 

points.  With an increase in patch area, ICI increases will be relatively greater in the 

smaller patch types (target or neighbour).  Thus if the target patch is small when 

compared to the neighbour patches, then changes in target size will have larger ICI 

increases than changes in neighbour size.  The ecological principle here is that the 

patches are operating as sources or sinks to ecological resources (Pulliam  1988).  The 

forces, influencing the resource movement, operate over a gradient which is partly 

determined by the area differences of the interacting patches (Kindvall & Petersson  

2000).  Because of the novel approach of incorporating the properties of both the 

target and the neighbour patches into the ICI metric, the area-gradient relationship can 
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be measured.  No other landscape metric is able to incorporate this aspect of patch to 

patch interaction (Kindvall & Petersson  2000). 

 

The shape weighting present in the Isolate Connectivity Index is a combination of 

linear increases resulting from divergence from the centre point and the inverse square 

law applied to the additional distance penalty.  Further research is required to align 

these formulas with ecological reality.  Numerous studies have demonstrated the 

influence that edge effects have on a patch function (Kupfer & Malanson  1993; Sisk 

& Margules  1993; Hamazaki  1996; Kapos et al.  1997; Laurance  1997; Laurance et 

al.  1997; Malcolm  1997; Turton & Freiburger  1997; Keyser et al.  1998; Williams-

Linera et al.  1998; Fagan et al.  1999; Lidicker  1999; Manson et al.  1999; Sarlov 

Herlin & Fry  2000).  The greatest determinant of edge effect is the shape of the patch, 

the size of the core areas and the gradient of habitat change (Saunders et al.  1991; 

Laurance et al.  1997).  The conventional method of comparing the patch dimensions 

with a circle or fractal patterning provide a suitable method of describing 

convolutions of the perimeter (McGarigal & Marks  1995).  The ICI measures the 

distortions differently by penalising the deviation from a centroid line.  This method is 

able to utilise the theory of Keitt et al. (1997) with connectivity being a function of 

shape and position.  The connecting vectors between random points provide a method 

for channelling the resources constrained by the patch shape (Keitt et al.  1997).  

Shapes that optimise the area serviced by the resource transfers will maximise 

ecological activity.  Thus the shape measurement for the ICI also incorporates the 

individual organism dispersal processes (Tiebout & Anderson  1996; Anderson & 

Danielson  1997) into the shape penalty without being dependant on the conformity to 

a circle shape.  For many ecological communities, the edge effects are important and 
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the ICI could be engineered to weight the value of the random points with respect to 

the proximity to the boundary. 

 

The rotation of a circle with linear extension (figures 7 & 8) highlights the sensitivity 

of the ICI.  Changes in area distribution whilst maintaining a constant minimum edge 

to edge distance would be undetectable using existing metrics.  The ring statistic 

(Wiegand et al.  1999) would be able to ascertain the changes in area distribution but 

the amalgamation process would remove the shape and orientation changes.  In 

particular the influence of the target shape would be unaccounted for in the ring 

statistic calculations.  The ICI values indicate a structural relationship between 

polygons that optimises the influences of size, shape, proximity and position within an 

ecological framework. 

 

The user of the ICI program has the opportunity to vary a number of variables.  The 

variable consuming the greatest computing power for the ICI calculation is the density 

level of random points.  The relative values of ICI remain consistent for a variety of 

density levels, however the ICI variability (between identical runs) is more evident at 

lower densities.  With increasing density the ICI will more accurately describe the 

structural configurations, such as fine extrusions.  Averaging the ICI values, for a 

number of program runs, will maximise the descriptive accuracy of this metric.  Given 

the processing involved, a more economical method might be to increase the point 

density to a level of acceptable variability.  The ICI value could possibly be 

independent of the specified density through normalisation with the product of target 

and neighbour point numbers.  Incorporating this normalisation feature into the ICI 

would require further consideration of the ability to compare a selection of patches.  
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Concern over the variability fluctuations associated with area changes has meant this 

normalisation has not been incorporated at this stage. 

 

The user also has the option of specifying if a force such as wind or water current 

affects the region.  The force weighting serves to promote the ‘upwind’ neighbour’s 

influence and decrease the ‘downwind’ influences.  The force in this respect is not 

representing the structural damage caused by increased wind velocity but rather an 

additional factor in the vector size for ecological dispersal.  Forces, such as wind, can 

alter the rate and range of dispersing resources (i.e. seeds, insects, birds, soil) 

(Saunders et al.  1991) and the ICI is designed to capture this.  Orientation of a 

polygon to a force can have critical consequences to ecological functionality (Miller 

et al.  1991; Forman  1995; Laurance et al.  1997; Turton & Freiburger  1997) and the 

ICI partially describes this structural aspect.  The programming design was for no 

change in ICI unless the neighbour configuration was polarised in sectors.  Evenly 

distributed neighbours should experience no sum change in ICI since the gain by 

‘upwind’ neighbours should be equally offset by reductions in ‘downwind’ neighbour 

connectivity.  The use of force creates distortions in the ICI values that effectively 

measure the clustering of neighbour patches around a target patch.  Increasing the  

force intensity will increasing include distant neighbouring polygons that are 

‘upwind’ and decrease the inclusion of ‘downwind’ neighbours. Thus in a study area 

like a river the upstream structures would be more influential than the downstream 

structures especially in periods of high water flow.  Presently no other metric 

describes angular forces, such as wind, on ecological connectivity.  The difficulties in 

designing suitable mathematical models are considerable.  Further evaluation of the 
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programming design is required to accurately depict the application of force in a 

landscape. 

 

In the natural landscapes, the vegetation remnants are often composed of a mixture of 

vegetation types and this compounds the interaction complexity (Gustafson & 

Gardner  1996; With et al.  1997).  Bridgewater (1987) comments that the 

connectivity effectiveness of corridors is based on the structural differences to the 

surrounding matrix rather than the smaller differences between connecting 

heterogeneous vegetation.  Heterogeneous native ecological communities interact in a 

manner that is measurably different to the interactions with the imposed agricultural 

matrix (Bridgewater  1987).  The failure of many spatial metrics to recognise 

heterogeneity or habitat gradients combined with landscape models based on binary 

frameworks reduces the effectiveness for understanding ecological processes 

(Wiegand et al.  1999).  Compounding the complexity of heterogeneity are the 

secondary effects of anthropogenic fragmentation on habitat quality (Mac Nally et al.  

2000).  The ICI currently treats all neighbour patches as homogeneous and 

exploration into the ecological influences of different communities is required. 

 

The use of random points to describe area and boundaries can also have the advantage 

of smoothing out boundaries that contain errors.  For instance, polygons created from 

raster images contain saw tooth or staircase edges that are a result of rectangular 

pixels.  Landscape metrics applied to this polygon data can develop significant 

inaccuracies simply due to the large perimeter to area ratios.  Generalisation 

(following ARCINFO GENERALISE function (Environment Systems Research 

Institute  1990)) of the line work can assist with this problem but unsatisfactory 
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results still occur.  The use of random points equalises the regular extrusions and 

intrusions to create a representation of the boundary in a manner that depicts the 

original landscape interpretation. 

 

Defining the criteria by which neighbours are included or excluded from the analysis 

is at the discretion of the analyst since all polygons in a selected coverages are 

processed in the ICI program.  Selecting polygons using specified distance horizons 

requires the analyst to prepare the neighbour polygons before processing.  The choice 

of horizon dimensions greatly influences the processing time and considerable 

thought is required to balance the density of points with the size of the 

neighbourhood.  As the distance increases, the point to point contribution diminishes 

to where the change in ICI is less than the significance level specified by the user.  A 

threshold effect is observed (figure 17) which indicates the optimum distance for the 

analytical horizon.  Opportunity exists to incorporate a user-specified threshold 

distance value that ensures only those points able to significantly alter the ICI are 

processed.  With Euclidean distances, this would do little more than create a radial 

buffer.  For travel-cost distances, the analytical horizon selected could be highly 

convoluted and representative of the biophysical structure of the landscape.  More 

importantly, the establishment of a significance level would normalise the analytical 

horizon for target area measurements.  Presently the buffering of a large target patch 

will create larger neighbour environments than smaller target patches.  Setting a 

significance level will determine the threshold boundary based on connectivity 

measurements rather than the area that the patch occupies.  
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The determination of the grain (point density) and extent (analytical horizon) is 

fundamental to the establishment of the appropriate scale for this metric and the 

species in question (Cain et al.  1997; Keitt et al.  1997; Nikora et al.  1999; Withers 

& Meentemeyer  1999).  It would be possible to apply this metric to the wetlands of 

Australia and compare the distribution of migratory birds.  In this case, grain size may 

need to be equivalent to the smallest wetland being considered with a continental 

extent.  The ultimate use of this metric will be the repetition of programming runs 

across a range of scales in order to examine the critical thresholds of connectivity for 

the particular landscape pattern. 

 

 

5.2 Prickly Forest Skink study 

 

 

The ICI indicator supports Sumner et al.’s (1999) assertion that habitat fragmentation 

has altered the abundance of the Prickly Forest Skink in the Millaa Millaa region.  In 

particular the capture rate of Prickly Forest Skinks is significantly affected by the 

connectivity within the neighbouring environment as measured by the ICI.  Isolated 

patches that are small, distant and ‘upwind’ from neighbouring rainforest are 

supporting fewer skinks per hectare.  The ICI showed a higher correlation to captures 

per hour than area measurements, shape indices and nearest neighbour distances.  

Area measurements show a positive correlation to skink abundance and the close 

relationship to the ICI is expected.  The area of a patch is a major component of the 

ICI calculation.  Nearest neighbour distances fail to effectively measure the 

neighbourhood intensity and may only be recording the distance to another isolated 
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patch.  Individual patch shape does not significantly correlate to skink abundance 

however since most patches were similar in shape the effects may be subtle.  Linear 

features like wind breaks or road corridors would be expected to demonstrate higher 

shape influences (Haddad  1999; Laurance & Laurance  1999).   

 

Sumner et al. (1999) found a significant positive correlation of log availability with 

patch size.  Isolated patches contained more logs than continuous forest sites and 

smaller isolated patches had fewer logs than larger isolated patches.  Prickly Forest 

Skinks are log dwellers and an increased abundance of skinks could be attributed to 

the increased number of logs.  However, surveys in the continuous forest sites showed 

a higher level of skink abundance and a relative lower density of logs.  Skinks favour 

rotting logs and smaller fragments tend to have less rotten logs (Sumner et al.  1999).  

The persistence of logs in the rainforest environment is reliant on factors, such as 

humidity (Turton & Freiburger  1997).  Edge effects can reduce damp core areas in 

small patches (Kapos et al.  1997; Keyser et al.  1998) thus limiting the rotting log 

resource to Prickly Forest Skinks.  Isolated patches may have more logs available but 

the condition of the logs may not be favourable to skink habitat requirements.  This 

relationship between skinks and rotting logs may also explain the variation in skink 

abundance at continuous rainforest sites.  Variations in skink abundance may be the 

result of heterogeneous distribution of resources such as rotting logs.  Locational data 

of the skinks and logs surveyed would have been useful in identifying habitat quality 

distribution (Johnston  1993).   

 

The size of the fragment influences the overall microclimate (Williams-Linera et al.  

1998), which in turn controls the habitat available.  Kapos et al. (1997) argue that the 
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vegetation at edge zones will mature so that the penetration of disruptive 

environmental influences is minimised.  Given the time since disturbance the patches 

may be in a phase of regrowth that will result in log rot.  The particular stage of 

recovery for the patches is not known and could be important to understanding the 

issue of rotting logs (Saunders et al.  1991).  

 

The exclusion of patch number nine due to recent disturbance from logging was 

designed to focus upon the uniformity of the remaining patches.  Patch nine is a large 

isolated patch which has the potential (based on ICI  correlations) to contain Prickly 

Forest Skinks at twice the density found in the survey.  Given the variation of the 

capture rates for the continuous rainforest study sites patch nine might reflect a 

population density that is independent of the logging disturbance.  There is no data 

available to investigate this inference.  

 

Species that favour edge environments might exhibit contrary ICI correlations to 

species dependant on core habitat (Lidicker  1999).  The ICI is not an indicator of 

biodiversity or ecological health since each organism reacts to fragmentation and 

resource distribution differently.  Rather, the ICI is an indicator of ecological 

exchange between neighbouring patches that may effect a target species.  The long 

term survival of the Prickly Forest Skinks in each isolated patch is uncertain.  If the 

rule that population density determines the susceptibility to extinction (Foufopoulos & 

Ives  1999) applies to Prickly Forest Skinks then all of the patches except numbers 10 

and 11 (figure 1) are threatened.  Sumner et al. (1999) found a significant difference 

in the population densities between fragmented and continuous sites.  However, the 

survey revealed that some continuous sites (A, D & F; figure 1) showed capture rates 
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equivalent to the more isolated patches (5, 6 & 7; figure 1).  Possibly, the 

heterogeneity of the landscape, combined with variability associated with field 

surveys, obscured the natural population distribution.  Additional surveys of 

continuous and fragmented sites over an extended period will highlight the population 

distribution and the relation to fragmentation disturbance (Anderson et al.  1997). 

 

 

The use of additional statistics to describe the clustering of the neighbourhood 

environment has the potential to describe the proportion of neighbours that are 

ecologically influential.  Each target patch has a neighbourhood that has a distribution 

of ICI values which indicate the fragmentation status of the landscape.  Many small 

neighbours will show an ecological structure that is different to the one with several 

large neighbours.  These structural differences are apparent in the distribution of 

individual ICI values.  Insufficient time was available to satisfactorily explore the 

additional statistics.   

 

The ICI can provide guidance towards the restoration of habitats where fragmentation 

is indicated to be detrimental.  Increasing the connectivity can be modelled with 

simple corridor extrusions, size increases, shape modifiers and ‘upwind’ protection 

and enhancement.  The ICI can be reapplied to the adjusted patch boundary to explore 

the ecological changes possible.  Caution about the ability of any metric to 

conclusively guide fine restoration changes must be exercised (Li et al.  1993).  Field 

data that measures the demographics of species in landscapes that have been 

dissected, incised, dissipated, shrunk, attributed, perforated (Jaeger  2000) or modified 

by human activity and constructions are required in order to further evaluate the 
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ability of the ICI to measure connectivity.  The potential to offer a metric that can 

provide patch scale insights based on principles that are readily understandable is 

conceivably long overdue (Gustafson  1998; Ahern  1999).  
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6. Recommendations 

6.1 Enhancement of Isolate Connectivity Index 

 

The continuing development of the Isolate Connectivity Index requires the 

investigation of several aspects of the process. 

• The provision of non-Euclidean distance measurement between points in order to 

accommodate variation in landscape structure and function. 

• The exploration of suitable mathematical equations that model the application of 

force to a landscape.  The existing formula uses a cosine function that may not be 

appropriate. 

• The consideration and incorporation of the effect that neighbourhood clusters 

would have on ecological function.  The use of patches acting as ‘stepping stones’ 

needs to be recognised in the metric. 

• The inclusion of ecological gradients within patch boundaries.  Heterogeneous 

resource distributions require recognition as a fundamental modifier of ecological 

processes. 

• The ability of the ICI to measure connectivity in a heterogenous environment.  

Presently all patches are considered to be homogeneous in patch quality and this 

situation rarely occurs. 
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6.2 Application to landscape management 

The applicability of this proposed metric to management situations requires 

exploration with a range of environments and target species.  In particular the 

application of the Isolate Connectivity Index to the following situations would be 

informative. 

• Landscapes that have been dissected, incised, dissipated, shrunk, attributed, 

perforated and/or modified by human activity and constructions. 

• Comparison of the health of ecological communities as a function of their 

isolation due to fragmentation (see Ferguson  1994). 

• Comparison with migratory species utilising localised resources such as water 

birds and wetlands across Australia. 

• Utilisation of super computers to evaluate ICI values when densities are 

significantly increased. 

• Comparison of ICI values when identified patches are removed.  This would be 

useful in determining the applicability of the ICI for restoration biology. 
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Appendix 1: Isolate Connectivity Index Avenue programming 
script 
 
'------------------------------------------------------------
' ISOLATE CONNECTIVITY INDEX
'------------------------------------------------------------
'
'Name: ici.ave
'
'Title: Calculates isolate connectivity relationship between
polygons
'
'Topics: view, tables, charts
'
'Description: This Avenue script will promt the user for some
' parameters then proceed to calculate a set of
' distances from a randomly generated set of points.
' The distances are then utilised visually and
' statistically to determine the structural relationships
' that are present.
'
'Requires: Two polygon coverages, one containing the target and
' the other containing neighbour
' polygons.
'
'Self; none
'
'Returns: none
'
'Creates: 1. Table with fields TargetPointID, NeighPointId, Distance
(m) & angle
' 2. Brief Statistics
' 3. target and Neighbor points coverages
' 4. Adjusted Neighbour polygon cover joined to results
'
'Author: Stuart Kininmonth
'History; Original script with some imported sections from the ESRI
sample scripts
'Created: 29 July 1999
'Last Updated; 20 August 2000
'Version: 2 (vector based calculation)
'------------------------------------------------------------
'
'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
'GATHERING USER INPUTS
'need to obtain several measurements such as
'density of points
'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

'Initial description followed by continuation prompt
myOpening = MsgBox.longYesNo( "This avenue script will calculate the
information required for the ICI. You will need two polygon themes in
the active View. The target theme should contain one polygon only."
+nl+ " When inputing the point density think carefully about the
number of points being used. Multiply the area of the target by the
area of the neighbours then again by the density. Allow 1 minute for
every 2000 points." +nl+ " Do you wish to continue?" , "Isolate
Connectivity Index", True)
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if (myOpening.not) then exit end

'~~~~~~~~~~~~~~~~~~~~~~~~~~
'DENSITY INPUT
'~~~~~~~~~~~~~~~~~~~~~~~~~~
Script.The.SetNumberFormat( "d" )
anInput = true
while (anInput)

iciDensity = MsgBox.input( "Enter the number of randomly placed
points per 100m x 100m square. Note that this can include decimal
numbers" ," Isolate Connectivity Index" , "1").asNumber

if (iciDensity = nil) then
yourExit = msgbox.yesno("do you wish to exit?", "Isolate

Connectivity Index", True)
If (yourExit) then

exit
else

iciDensity = MsgBox.input( "Enter the number of randomly
placed points in a 100m x 100m square. This is a required input" ,"
Isolate Connectivity Index" , "1").asNumber

end
end

if ((iciDensity < 0) or (iciDensity = 0)) then
MsgBox.info( "WARNING, Density has to be greater than zero.

Input again", "Isolate Connectivity Index")
else

anInput = false
end

if (iciDensity > 10000) then
MsgBox.info( "WARNING, Density is higher than 1 point per

square metre. Input less points", "Isolate Connectivity Index")
else

anInput = false
end

end

'~~~~~~~~~~~~~~~~~~~~~~~~~~
'Angle INPUT
'~~~~~~~~~~~~~~~~~~~~~~~~~~
Script.The.SetNumberFormat( "d" )
anInput = true
iciIntensity = 1
while (anInput)

iciAngle = MsgBox.input( "Enter the direction which an influence,
such as wind, is FROM. Input as degrees from true north ie 90
(east). Leave value as -1 to ignore " ," Isolate Connectivity Index"
, "-1").asNumber

if (iciAngle = -1) then
anInput = false

else

if (iciAngle < 0) then
MsgBox.info( "WARNING, Angle has to be greater than zero.

Input again", "Isolate Connectivity Index")
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else
anInput = false

end

if (iciAngle > 360) then
MsgBox.info( "WARNING, Angle is higher than 360 degrees.

Angle must between 0 and 360", "Isolate Connectivity Index")
else

anInput = false
end

end 'default -1 loop
end 'while loop
if (iciAngle >= 0 ) then

anInput = true
while (anInput)

iciIntensity = MsgBox.input( "Enter the intensity of the
influence from a minimum of 1" ," Isolate Connectivity Index" ,
"1").asNumber

if (iciIntensity < 1) then
MsgBox.info( "WARNING, Intensity has to be greater than

one. Input again", "Isolate Connectivity Index")
else

anInput = false
end

end
end
'Adjust angle to radians from Polar degrees.
'Avenue angle calculation is from the horizontal plane where east is
0
'this calculation creates a -180 to 180 angle measurement then
converts to radians
'polar 0 to 90 (north to east, quad 1) becomes 90 to 0 then
pi/2 to 0
'polar 90 to 180 (east to south, quad 2) becomes 0 to -90 then 0
to -pi/2
'polar 180 to 270 (south to west, quad 3) becomes -90 to -180 then -
pi/2 to -pi
'polar 271 to 360 (west to north, quad 4) becomes 179 to 90 then ~
pi to pi/2

If (iciAngle <= 270) then
'in the quadrants 1, 3, 4 given North sits at 90 degrees

horizontal angle
AngleForce = (90 - iciAngle).asRadians

elseif (iciAngle <=360) then ' situated in second quadrant
AngleForce = (450 - iciAngle).asRadians

end

'--------------------------------------------------------------------
-
'CREATE STORAGE FILE
'--------------------------------------------------------------------
-
'creates a dbase format file for storage of the various measurements
collected
outputName = FileName.Make("c:\temp").maketmp("ici","dbf")
metricsName = FileDialog.put(outputName, "*.dbf","Output dbase File")
if (MetricsName = nil) then
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exit
end

MetricsName.SetExtension("dbf")
theVectorVtab = Vtab.makeNew(metricsName, dbase)
vectorTable = Table.make(theVectorVtab)
'create fields
F1 = Field.make("id",#field_short, 5 ,0)
'F2 = Field.make("patchID", #field_short, 5, 0)
F3 = Field.make("VectorSum", #field_decimal, 64, 12)
F4 = Field.make("centreAngle", #field_decimal, 12,6)
F5 = Field.make("centreDist", #field_decimal, 12,2)

'add fields
theVectorVtab.addFields({F1,F3,F4,F5})

'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
'SELECT TARGET AND NEIGHBOR POLYGONS
'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
'In this section the coverages containing the target and neighbour
polygons is selected

theView = av.getActiveDoc
theThemeList = theView.getThemes.clone
thePrj = theView.GetProjection
if (theThemeList.count = 0) then

msgBox.info("you need to have at least two polygon themes in the
view to proceed","ICI")

exit
end

'screen out non-polygons from list NOT FUNCTIONAL AT PRESENT

'for each t in theThemeList
' theType = t.getFTab.findField("shape").getType
' if (theType = #FIELD_SHAPEPOLY) then
' 'leave in the list
' else
' theThemeList.removeObj(t)
' end 'removing non-polygons
'
'end 'loop through list
anInput = true
while (anInput)

'allow user to select themes from theThemeList
theTargetTheme = (MsgBox.List(theThemeList,"which contains the

single TARGET polygon. Note that all polygons in a cover will be
chosen unless a selected set exists","Please select a theme..."))

if (theTargetTheme = nil) then exit end
theTargetFtab = theTargetTheme.GetFTab
theThemeList.RemoveObj(theTargetTheme)
theNeighTheme = (MsgBox.List(theThemeList,"which contains the

NEIGHBOURHOOD polygons","Please select a theme..."))
if (theNeighTheme = nil) then exit end
theNeighFtab = theNeighTheme.GetFTab

'Checks to make sure the themes are polygons
theTarType = thetargetFtab.findField("shape").getType
if (theTarType = #FIELD_SHAPEPOLY) then

anInput = false 'free to continue
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else
MsgBox.info("The"++theTargetTheme++"does not contain

polygons. Please change", "Warning")
end
theNeighType = theNeighFtab.findField("shape").getType
if (theNeighType = #FIELD_SHAPEPOLY) then

anInput = false 'free to continue
else

MsgBox.info("The"++theNeighTheme++"does not contain
polygons. Please change", "Warning")

end
'PUT IN BREAKER FOR MULTIPLE TARGET POLYGONS HERE

end 'while loop
'---------------------------------------------
'CREATE POINT COVERAGES
'Random Points for the Target Polygon
'---------------------------------------------
'first calculate extent

av.GetProject.SetModified(true)
r = Rect.MakeEmpty

r = r.UnionWith(theTargetTheme.returnExtent) ' returns a
rectangle that encloses the target polygon

theTargetOrigin = r.returnOrigin ' the origin is the lower left
corner (min X & Y)

theTargetHeight = r.getHeight ' units are in view distances or
default metres

thetargetWidth = r.getWidth
aXMin = theTargetOrigin.getX
aXMax = theTargetOrigin.getX + thetargetWidth
aYMin = theTargetOrigin.getY
aYMax = theTargetOrigin.getY + thetargetHeight

'CALCULATE TOTAL POINT NUMBER
theTargetptArea = theTargetHeight * theTargetWidth ' the rectangle
area
thePointNum = (theTargetptArea / 10000)* iciDensity 'multiplies area
in hectares by density per hectare
if (thePointNum < 0 ) then 'density insufficient to create a point
in the target rectangle

msgBox.info("The density of "+iciDensity.asString+" does not
create any points for the target polygon. Increase density and
rerun", "Warning")

exit
end

'CREATE BLANK TARGET POINT THEME
defaultName = FileName.Make("c:\temp").maketmp("tarPts","shp")
shpName = FileDialog.put(defaultName, "*.shp","Output Shape File")
if (shpName = nil) then

exit
end

shpName.SetExtension("shp")

shpFTab = Ftab.makeNew(shpName,Point)
fields = list.make
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fields.add(field.make("UniqueId", #FIELD_SHORT, 4,0))
shpFTab.addFields(fields)
shpField = shpFTab.FindField("shape")
idfield = shpFTab.findField("UniqueId") ' created just two fields
shape and id

'CREATE NEIGHBOUR POINT THEME
NdefaultName = FileName.Make("c:\temp").maketmp("NbPts","shp")
NshpName = FileDialog.put(NdefaultName, "*.shp","Output Shape File")
if (NshpName = nil) then

exit
end

NshpName.SetExtension("shp")

NshpFTab = Ftab.makeNew(NshpName,Point)
fields = list.make
fields.add(field.make("UniqueId", #FIELD_SHORT, 4,0))
NshpFTab.addFields(fields)
NshpField = NshpFTab.FindField("shape")
Nidfield = NshpFTab.findField("UniqueId")

randRec = 0

'ADD RANDOM POINTS
av.ShowStopButton
av.showMsg("Creating random points for Target Polygon")
somepoints = true
while (somepoints)

for each pt in 1..thePointNum ' a simple routine that makes a
specified number of points with random location in the rectangle
surrounding the target

Xtemp = number.makeRandom(aXmin, aXmax) ' creates a random
number between the min and max X dimensions

Ytemp = number.makeRandom(aYmin,aYmax) ' creates a random
number between the min and max Y dimensions

thePoint = Point.Make(Xtemp,Ytemp)
rec = shpFtab.addRecord
shpFTab.setValueNumber(idField, rec, pt) 'gives a unique number

to each point id
shpFtab.setValue(shpField, rec, thePoint)
progress = (pt/thePointNum)*100 ' shows progress , handy for

large targets
av.setStatus(progress)

end

'CLIP POINTS TO POLYGON
if (thetargetFTab.getSelection = nil) then msgBox.info("no target

Ftab", "") end
shpFTab.SelectByFTab(theTargetFTab,#FTAB_RELTYPE_INTERSECTS

,0,#VTAB_SELTYPE_NEW)
'msgBox.info("selected number of points in the target polygon is:

"+shpFTab.getselection.count.asString, "info")
if (shpFTab.getselection.count = 0) then

'no points in target polygon, escaped selection so have to re
run the point creation routine

av.showMsg("no points in target so rerunning routine")
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'select all points and delete
shpFTab.GetSelection.not 'since there were no points in the

target polygon area then there should be some in the rectangular area
shpFTab.UpdateSelection
if (shpFTab.StartEditingWithRecovery) then

shpFTab.BeginTransaction
shpFTab.removeRecords(shpFtab.getSelection.clone)

'removes points
shpFTab.endtransaction

end
saveEdits = TRUE
'Since saveEdits is set to TRUE the edits will be committed,

if saveEdits
' was FALSE the edits would be discarded
shpFTab.StopEditingWithRecovery(saveEdits)

else
somepoints = false

end
end ' while somepoints loop

shpFTab.GetSelection.Not
shpFTab.UpdateSelection
if (shpFTab.StartEditingWithRecovery) then

shpFTab.BeginTransaction
shpFTab.removeRecords(shpFtab.getSelection.clone) 'remove

points outside of target polygon
shpFTab.endtransaction

end
saveEdits = TRUE
'Since saveEdits is set to TRUE the edits will be committed, if

saveEdits
' was FALSE the edits would be discarded
shpFTab.StopEditingWithRecovery(saveEdits)

'-------------------------------------------------------------
'CREATE NEIGHBOUR POINTS
'-------------------------------------------------------------
'first calculate EXTENT OF NEIGHBOR POLYGONS

av.GetProject.SetModified(true)
rN = Rect.MakeEmpty

rN = rN.UnionWith(theNeighTheme.returnExtent)
theNeighOrigin = rN.returnOrigin
theNeighHeight = rN.getHeight
theNeighWidth = rN.getWidth
aXMinN = theNeighOrigin.getX
aXMaxN = theNeighOrigin.getX + theNeighWidth
aYMinN = theNeighOrigin.getY
aYMaxN = theNeighOrigin.getY + theNeighHeight

'CALCULATE TOTAL POINT NUMBER
theNeighPtArea = theNeighHeight * theNeighWidth
theNpointNum = (theNeighPtArea / 10000)* iciDensity
'PLACE AN ERROR CHECK FOR SIZE HERE AND MODIFY DENSITY might be best
to have this done after the clipping routines
totalPointNum = theNpointNum * thePointNum
if (theNpointNum < 0 ) then



Page 99  

msgBox.info("The density of "+iciDensity.asString+" does not
create any points for the neighbour polygons. Increase density and
rerun", "Warning")

exit
end

randRec = 0

'ADD RANDOM POINTS TO NEIGHBOUR COVER
av.ShowStopButton
av.showMsg("Creating random points for Neighbor Polygons")
'msgBox.info("number of points in neighbor rectangle
is"++theNpointNum.floor.asString, "")

for each pt in 1..theNpointNum
Xtemp = number.makeRandom(aXminN, aXmaxN)
Ytemp = number.makeRandom(aYminN,aYmaxN)

thePoint = Point.Make(Xtemp,Ytemp)
rec = NshpFtab.addRecord
NshpFTab.setValueNumber(NidField, rec, pt)
NshpFtab.setValue(NshpField, rec, thePoint)
progress = (pt/theNpointNum)*100
av.setStatus(progress)

end

'CLIP NEIGHBOR POINTS TO NEIGHBOR POLYGON
av.ShowStopButton
av.showMsg("Clipping Neighbor random points to Neighbor Polygons")
if (theNeighFTab = nil) then msgBox.info("no neighbor Ftab", "") end
NshpFTab.SelectByFTab(theNeighFTab,#FTAB_RELTYPE_INTERSECTS
,0,#VTAB_SELTYPE_NEW)
'msgBox.info("selected number of points in Neighborhood polygons is:
"+NshpFTab.getselection.count.asString, "info")
NshpFTab.GetSelection.Not
NshpFTab.UpdateSelection
if (NshpFTab.StartEditingWithRecovery) then

NshpFTab.BeginTransaction
NshpFTab.removeRecords(NshpFtab.getSelection.clone)
NshpFTab.endtransaction

end
saveEdits = TRUE
'Since saveEdits is set to TRUE the edits will be committed, if
saveEdits
' was FALSE the edits would be discarded
NshpFTab.StopEditingWithRecovery(saveEdits)

'CLIP NEIGH POINTS FROM TARGET POLYGON
av.ShowStopButton
av.showMsg("Clipping Neighbor random points from target Polygons")
NshpFTab.SelectByFTab(theTargetFTab,#FTAB_RELTYPE_INTERSECTS
,0,#VTAB_SELTYPE_NEW)
'msgBox.info("selected number of neigh points in target polygon is:
"+NshpFTab.getselection.count.asString, "info")
'NshpFTab.GetSelection.Not
'NshpFTab.UpdateSelection
if (NshpFTab.StartEditingWithRecovery) then

NshpFTab.BeginTransaction
NshpFTab.removeRecords(NshpFtab.getSelection.clone)
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NshpFTab.endtransaction
end
saveEdits = TRUE
'Since saveEdits is set to TRUE the edits will be committed, if
saveEdits
' was FALSE the edits would be discarded
NshpFTab.StopEditingWithRecovery(saveEdits)

'COPY THE NEIGHBOUR POLYGONS THEME AND ADD ID FIELD
' this will permit the evaluation of each ecological force from each
neighbor polygon.

newNeighTheme = theNeighTheme.Clone
newNeighTheme.SetName ( "Clone"+icidensity.asString+"

of"++theNeighTheme.AsString )
theView.AddTheme ( newNeighTheme )
NewNeighTheme.SetVisible( TRUE )

'add ID field to Ftab
newNeighFtab = newNeighTheme.getFtab

if (NewNeighFtab.StartEditingWithRecovery) then

FF1 = field.make("UniqueId",#FIELD_SHORT, 5,0)
newNeighFTab.addFields({FF1}) 'put an error check to

see if already exists
Newidfield = newNeighFTab.findField("UniqueId")

'create a unique set of numbers for each polygon

' Populate the newNeighFtab

count = 1
for each i in newNeighFtab

NewNeighFTab.BeginTransaction
newNeighFTab.SetValueString(newIdField, i,

count.asString)
count = count +1
NewNeighFTab.EndTransaction

end
end

saveEdits = TRUE
'Since saveEdits is set to TRUE the edits will be committed, if
saveEdits
' was FALSE the edits would be discarded
NewNeighFTab.StopEditingWithRecovery(saveEdits)

' JOIN NEIGHBOUR ID TO RANDOM POINTS
'this allows the neighbour points to be grouped by neighbour poly
identity
neighpolyfield = newNeighFtab.findField("shape")
neighPointField = NshpFtab.findField("shape")
NshpFtab.join(neighPointField, newNeighFtab, neighPolyField)

'CALCULATE TARGET CENTRE-OF-AREA POINT
'CONSIDER MULTIPLE POINTS HERE.....
TargetNo = theTargetFtab.getNumRecords
if (targetNo > 1) then
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msgbox.info(" This program will only handle single Target
polygons at present. The last polygon in the Ftab will be used",
"info")

'exit
end
TshpField = theTargetFtab.findField("shape")

for each t in thetargetFTab 'possibly the rest of the program could
loop around the targets here but presently only one target is used

TargetCentrePoly = theTargetFTab.returnValue(TshpField, t)
targetCentrePoint = targetCentrePoly.returnCenter

'returns centre from halving the sides of a bounding rectangle. Could
produce odd results

TargetCentreX = targetCentrepoint.getX
TargetCentreY = targetCentrepoint.getY 'presently only the

last target polygon is used
end
'msgbox.info("targetCentreX is "+targetCentreX.asString+"
TargetCentreY is "+targetcentreY.asString, "")

'----------------------------------------------------------
'FOR EACH NEIGHBOUR POLYGON
'----------------------------------------------------------
'Following is a loop that calculates the metrics for each neighbor
' to the target. it loops through each neighbour polygon separately.
recno = 0
planeDist = 0
patchVectorSum = 0
theTargetNumber = newNeighFtab.getnumRecords
'msgbox.info(" number of neighbour polygons is
"+theTargetNumber.asString, "")

'BEGIN LOOP ONE WHICH SELECTS A NEIGHBOUR POLYGON TO COMPARE TO

for each rec in newNeighFtab
av.showMsg("Calculating distances and angles for neighbour

poly:"++rec.asString)
progress = (recno/theTargetNumber)*100
av.setStatus(progress)
av.ShowStopButton

'CALCULATE CENTRE POINTS FOR NEIGHBOR
recno = recno + 1
NshpField = newNeighFtab.findField("shape")
NeighCentrePoly = newNeighFTab.returnValue(NshpField, rec)
NeighCentrePoint = NeighCentrePoly.returnCenter

'CALCULATE DISTANCE AND POLAR ANGLE

NeighCentreX = NeighCentrePoint.getX
NeighCentreY = NeighCentrePoint.getY
theCentreXDim = TargetCentreX - NeighCentreX
theCentreYDim = TargetCentreY - NeighCentreY
CentreRadianAngle = (theCentreYdim/theCentreXdim).aTan
theCentreAngle = CentreRadianAngle.asDegrees
'Only the radian angles are used
if (theCentreXDim >0) then 'in the left quadrants since Target

is greater than Neighbor position
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if (theCentreYDim > 0) then
'in third quadrant
theCentreAngle = 180 + theCentreAngle
CentreRadianAngle = CentreRadianAngle - 3.141592654

else
'if second quadrant
theCentreAngle = 180 + theCentreAngle
CentreRadianAngle = CentreRadianAngle + 3.141592654

end
else 'in the right quadrants

if (theCentreYdim > 0) then
'in the fourth quadrants
theCentreAngle = 360 + theCentreAngle

else
' in the first quadrant

end

end

' the distance is only used for checks
theCentreDistance = TargetCentrePoint.Distance(NeighCentrePoint)
'msgBox.info("the angle of the centre of the Target to the

centre of the Neighbor is "++theCentreAngle.asString++" and at a
distance of "++theCentreDistance.asString, "")

'LOOP TWO SELECTING A POINT FROM THE TARGET POINT COVER
for each f in shpFTab

theFromPoint = shpFTab.returnValue(shpField, f)
if (thePrj.isNull.not) then

theFromPoint = theFromPoint.returnProjected(thePrj)
end

Nshpftab.selectByPolygon(neighCentrePoly,
#VTAB_SELTYPE_NEW) 'selects points by their inclusion within the
neighbour polygon

'msgbox.info("neigh points selected is
"++Nshpftab.getselection.count.asString, "")

'LOOP THREE SELECTING AND MEASURING POINTS FROM THE
NEIGHBOUR POLYGON

for each t in NshpFTab.getSelection
theToPoint = NshpFTab.returnValue(NshpField, t)
if (thePrj.isNull.not) then

theToPoint = theToPoint.returnProjected(thePrj)
end

theXDim = theFromPoint.getX - theToPoint.getX
theYDim = theFromPoint.getY - theToPoint.getY
theRadianAngle = (theYdim/theXdim).aTan

theAngle = theRadianAngle.asDegrees

'this loop transfers the tangental values into
appropriate angles

' the tangental range is -pi/2 to pi/2
' the final result is an angle from the target point to

the neighbour point
if (theXDim <0) then 'in the Right quadrants
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if (theYDim < 0) then
'in first quadrant

else
'if fourth quadrant

'theAngle = 360 + theAngle

end
else 'in the right quadrants

if (theYdim < 0) then
'in the second quadrants
'theAngle = 180 + theAngle
theRadianAngle = 3.141592654 + theRadianAngle

else
' in the third quadrant
'theAngle = 180 + theAngle
theRadianAngle = theRadianAngle - 3.141592654

end

end
'msgbox.info("the angle is "+theAngle.asString++"x

is"+theXdim.asString+" y is"+theYdim.asSTring+" t is "+t.asString+"
radian angle is "+theradianAngle.asString, "")

'----------------------------------------------------------
---------------

'Compare Angle forces with target and Neighbour polygon
positions

' This next set of calculations compares the radian degrees
of the force to the

' point to point angle. This creates a new variable called
AngleDiff which descibes the

'difference between the point angle and the force angle

if (theRadianAngle > 0) then
if (AngleForce > 0) then

AngleDiff = AngleForce - theRadianAngle
else

if (theRadianAngle - AngleForce >
3.141592) then

AngleDiff = 6.28318 -
theRadianAngle + AngleForce

else
AngleDiff = theRadianAngle -

AngleForce
end

end
elseif (AngleForce >0) then

if (AngleForce - theRadianAngle >
3.141592) then

AngleDiff = AngleForce -
theRadianAngle -6.28318

else
AngleDiff = AngleForce -

theRadianAngle
end

else
AngleDiff = theRadianAngle - AngleForce
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end
' Calculate the anglular weighting applied given the angle
' As the angle approaches 180 (down wind) the intensity

factor is fully applied

'The force figures are multiplied later and behave like
this

'As the angle deviates from 0 to 90 the forcePortion goes
from iciIntensity^-cos(angle) to 1,

'as the angle deviates from 90 to 180 the forcePortion goes
from 1 to iciIntensity^-cos(angle),

'thus the effect on the ICI is for the iciIntensity to be
applied in a reducing manner when upwind, then gradually diminishing
to 1 at 90 degrees

'to the wind, then the ICI is increasingly increased as the
angle increases to 180 (fully down wind).

'********************************************************************
**************************************

'Many thanks to Heather North from New Zealand Landcare for
helping sort out the forcePortion equation here

'********************************************************************
**************************************

ForcePortion = iciIntensity^(-(AngleDiff.cos))

'-----------------------------------------------------------
----------------

theDistance = theFromPoint.Distance(theToPoint)

'FIND ANGLE BETWEEN CENTRE OF NEIGHBOUR ANGLE AND
TARGET-NEIGHBOUR POINT ANGLE

'This section calculates the shape weight found by
examining the deviation from the

'point to point angle and the centre to centre angle
and calculating the deviating distance

if (CentreRadianAngle > 0) then
if (theRadianAngle > 0) then

TheRotatedAngle = theRadianAngle -
CentreRadianAngle

else
if (CentreRadianAngle - theRadianAngle

> 3.141592) then
theRotatedAngle = 6.28318 -

CentreRadianAngle + theRadianAngle
else

theRotatedAngle = CentreRadianAngle
- theRadianAngle

end
end

elseif (theRadianAngle >0) then
if (theRadianAngle - CentreRadianANgle >

3.141592) then
theRotatedAngle = 6.28318 -

theRadianAngle + CentreRadianAngle
else
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theRotatedAngle = theRadianAngle -
CentreRadianAngle

end
else

theRotatedAngle = theRadianAngle -
CentreRadianAngle

end
'CentreAngle = CentreRadianAngle.asDegrees

'CALCULATE DISTANCE FROM PLANE FOR SHAPE ADJUSTMENT

PlaneDist = theRotatedAngle.sin * TheDistance
planeDist = planeDist.abs
'notice that the shape penalty does not use the

modified force distance, instead the two are independant.
'this interaction needs more investigation but appears

to be the most realistic at this stage.
'the reasoning is that as a section of polygon

deviates from the center area the effect that wind might have
'will be seperate to the distance from the majority

area.

'SLOTTING THE VALUES INTO THE FORMULAE
theDistance = theDistance.abs

patchVectorD = (theDistance + PlaneDist)^2 'uses the
light intensity inverse law

'DISABLE THE FORCE APPLICATION IF REQUIRED
if (iciAngle = -1) then

'distance remains untouched
else

patchVectorD = patchVectorD * ForcePortion '
has the effect of making the distance smaller when upwind and larger
when downwind

end 'end angle force isolation

patchVector = 1000/patchVectorD ' the 1000 is just
to make the data more managagable

patchVectorSum = patchVectorSum + PatchVector 'records
the cumulative ICI for a particular neighbour polygon

end ' Neighbor points
end 'end of target point loop
'msgbox.info("patchvectorsum is "++patchvectorsum.asString++"

planeDist is "+planedist.asString+" centreRadianAngle is
"+centreRadianAngle.asString, "")

newRec = theVectorVTab.AddRecord
theVectorVtab.setvalue(f1, newrec, recno)
'theVectorVtab.setValue(F2, newrec, recno)
theVectorVtab.setValue(F3, newrec, patchVectorSum)
theVectorVtab.setValue(F4, newrec, CentreRadianAngle)
theVectorVtab.setValue(F5, newrec, theCentreDistance)

centreRadianAngle = 0
patchVectorSum = 0
theCentreDistance = 0
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end ' finishing looping through the neighbour polygons

VectorTable.getWin.Open

' JOIN NEIGHBOUR ID TO RANDOM POINTS
cloneIdfield = newNeighFtab.findField("Uniqueid")
vectorIdField = VectorTable.getVtab.findField("id")
NewNeighFtab.join(cloneIdField, VectorTable.getVtab, vectorIdField)

'CALCULATE STATISTICS FOR PATCHVECTORSUM
' DB.Statistics
theTable = vectorTable
myField = Vectortable.getVtab.FindField("VectorSum")
theTable.setActiveField(myField)
thefield = theTable.getActiveField

Script.The.SetNumberFormat( "d.ddddd" )

theVTab = theTable.GetVTab

thePrecision = "d.dddddddddd"
theFieldPrecision = theField.GetPrecision
Script.The.SetNumberFormat( thePrecision.Left( theFieldPrecision +

2 ) )

if ( theVTab.GetSelection.Count = 0 ) then
theSet = theVTab

else
theSet = theVTab.GetSelection

end

theSum = 0
theCount = 0
theMinimum = nil
theMaximum = nil
for each rec in theSet

theValue = theVTab.ReturnValueNumber( theField, rec )
if ( not ( theValue.IsNull ) ) then

if ( theMinimum = nil ) then
theMinimum = theValue
theMaximum = theValue

else
theMinimum = theMinimum min theValue
theMaximum = theMaximum max theValue

end
theSum = theValue + theSum
theCount = theCount + 1

end
end
theMean = theSum / theCount

theSumSqDev = 0
for each rec in theSet

theValue = theVTab.ReturnValueNumber( theField, rec )
if ( not ( theValue.IsNull ) ) then

theSqDev = ( theValue - theMean ) * ( theValue - theMean )
theSumSqDev = theSqDev + theSumSqDev

end
end

if (theCount > 1) then
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theVariance = theSumsqdev / (theCount - 1)
theStdDev = theVariance.Sqrt

else
theVariance = 0
theStdDev = 0

end

MsgBox.Report( "Target cover: "+thetargettheme.getsrcname.getname
+nl +

"Neighbour cover: " +
theneighTheme.getsrcname.getname +nl+

"Density: " + iciDensity.asString +nl+ "Angle: " +
iciAngle.asString + nl+

"Intensity: " + iciIntensity.asString +nl+
"ICI Sum: " + theSum.AsString + nl +

"Neighbour Count: " + theCount.SetFormat( "d"
).AsString + nl +

"ICI Mean: " + theMean.AsString + nl +
"ICI Maximum: " + theMaximum.AsString + nl +
"ICI Minimum: " + theMinimum.AsString + nl +
"Range: " + ( theMaximum-theMinimum ).Abs.AsString +

nl +
"Variance: " + theVariance.AsString + nl +
"Standard Deviation: " + theStdDev.AsString,
"ICI Statistics for" ++ theField.GetAlias ++ "field"

)

'MAKE CLONE OF NEIGHBOUR INTO COLOR CODED DISPLAY

av.showMsg("Calculating distances and angles from target to neighbor
points - Finished")

av.clearStatus
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