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Project Purpose, methodology and interim conclusions:  

The purpose of this project is to develop an ecologically-based, practical way to index 

connectivity as one landscape-level indicator of biodiversity.  This includes a set of quantitative 

indices for comparing landscape planning alternatives and assessing progress over time, and 

maps of connectivity to assist detailed landscape planning and management decisions. 

 The project successfully developed a dispersal-based approach and working algorithm 

for indexing connectivity, based on the concept of “hypothetical species” (Richards et al. 2002) 

that capture details necessary to measure connectivity – habitat suitability, dispersal suitability, 

home range scale and potential dispersal distances – without the specific autecology of 

innumerable species.  We piloted the approach to evaluate four operational planning scenarios 

for a large landscape unit in south-central BC.  A second, complementary approach based on 

genetic isolation was explored, but was not successfully developed due to programming 

problems in an algorithm inherited from an industrial partner, which could not be resolved within 

the limited project budget.  The dispersal-based connectivity algorithm provides a credible and 

feasible way to index landscape-level connectivity at a variety of scales.  The results have a 

meaningful interpretation, unlike some abstract indices, but also have general applicability 

beyond individual species. 

In the case study, we compared 3 management scenarios – standard clearcutting with 

green-up and adjacency constraints, clearcutting with designated Old-Growth Management 

Areas (OGMAs), and multiple-entry partial cuts, all at the same annual harvest rate – and a 
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natural disturbance scenario.  The management scenarios included fires at 25% the natural 

rate.  Some conclusions include: 1) In the fire-only scenario, effects of recent past management 

on connectivity persist 75-100 years. 2) The clearcut scenario showed continued low 

connectivity levels through the 100 year simulation.  3) The additions of OGMA’s had little effect 

in the first 50 years, but then modestly improved connectivity by year 100.  4) Partial cutting, for 

the hypothetical species examined, showed improved connectivity over time, though remaining 

below natural levels for a hypothetical species associated with older forest.  5) Stochasitc fires 

remain a dominant effect, even at reduced levels in the managed scenarios.  6) The technique 

could identify areas of local importance for connectivity (“corridors”), which can help guide local 

landscape planning. 

The dispersal-based approach and the operational case study are described in a 

manuscript under review, and the algorithm will be developed into a user-friendly program in the 

second year of this project. 

 

Project Scope and Regional Applicability: Province-wide; case study from Southern Interior 

Region. 

 

Further Information: The dispersal-based approach and results of the case study have been 

submitted to the Journal of Ecosystems and Management.  A technical report on both 

approaches is available from the FIA-FSP Repository.  Interested people can also contact David 

Huggard (contact information above).  

 

Interim Technical Report (Includes methodology, results, conclusions)  

 Connectivity is often proposed as a landscape indicator for biodiversity monitoring, and it 

is a common concern raised by conservation biologists, environmental groups and government 

regulators evaluating landscape plans.  The difficulty with using connectivity as a general 

biodiversity indicator is that there is no way to measure it objectively.  Most evaluations of 

connectivity have simply used a subjective evaluation of maps.  This intuitive approach has 

several limitations:  

1) It typically takes a black-and-white view of habitats, often older versus younger forest.  The 

assessment is also done at one scale, roughly that of a human hiking across the 

landscape.  This means that the intuitive assessment is only relevant to a very limited 

proportion of species.  
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2) The subjective approach does not allow repeatable, quantitative comparisons of alternative 

plans for landscapes, and it cannot be used to assess progress in improving connectivity 

over time. 

 3) The intuitive approach has difficulty dealing with partial gaps in the continuity of suitable 

habitat, including temporal gaps when forests are harvested and regenerate.   

At the other end of the scale, a large number of quantitative landscape metrics have been 

developed, some of which have been promoted as indicating connectivity.  The difficulty with 

these abstract indices is that it is not clear how, or if, their values relate to actual species.  In 

many cases, it is also unclear what aspects of the landscape the metrics are measuring, how 

alternative plans would affect the metrics, or even which direction of change would constitute 

improvement.  Because of these difficulties in measuring the concept, connectivity has played 

less of a role in biodiversity monitoring than its importance – in various ecological theories and 

to people interested in conservation – would suggest. 

 The essential difficulty with measuring connectivity as a general landscape indicator is 

that it is inherently species-specific.  Basic aspects of connectivity that differ between species 

include: 1. Habitat suitability – what constitutes the suitable habitat to be connected, 2. 

Dispersal suitability – how well the species can move through different kinds of habitat, 3. Home 

range scale, and 4. Dispersal scale – how far the species can move relative to the size of its 

home range.  At the same time, it would be completely impractical to assess connectivity for 

every species.  To resolve this conflict between species-specific aspects and the need for 

general indices of connectivity, Richards et al. (2002) used “hypothetical species”.  These 

“species” are defined by simple habitat and dispersal models, applied at a range of scales.  The 

idea is to represent types of real species, without all the details of each individual species’ 

natural history.  We adopt this approach, as the best compromise that allows a meaningful, 

general set of indices of landscape connectivity. 

 Connectivity features in several different ecological theories, and therefore “means” 

several different things.  That, in turn, implies that there are several ways of indexing 

connectivity.  We developed general connectivity indices using two of these: 1) Dispersal-based.  

In this view, higher connectivity means higher dispersal success of individuals.  Dispersal 

success is therefore the metric of connectivity.  This approach is similar to that of Richards et al. 

(2002), with considerable modifications to improve its application and interpretation.  2) 

Genetics-based.  Subpopulations can be genetically connected (as opposed to genetically 

isolated) as long as at least a few dispersers can travel between the subpopulations.  The 

number of isolated subpopulations is therefore an index of fragmentation, the inverse of 
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connectivity – more subpopulations indicate lower connectivity.  The two approaches address 

different aspects of connectivity, and are complementary ways to capture some of the range of 

meanings behind “connectivity”. 

Both approaches were intended to provide quantitative indices of connectivity, for a 

range of “hypothetical species”, and summary values that could be derived from these.  These 

numbers allow quantitative comparisons of landscape planning alternatives, and can also be 

used to report on improvements (or lack thereof) in maintaining connectivity over time.  The first 

approach also provides maps of areas in the landscape with high or low connectivity, and areas 

that are important for maintaining connectivity (“corridors”).  These maps are intended as tools 

to help landscape planners make decisions about the location and timing of harvesting. 

In this first year of this project, we developed tools for both approaches, and ran them on 

4 operational planning scenarios for a large landscape unit in and adjacent to the North 

Thompson valley in south-central BC.  The dispersal-based approach was successfully 

developed and implemented, and has provided useful results for evaluating the landscape 

scenarios.  We have submitted a manuscript on this approach and the scenario results to a local 

scientific and extension journal (Journal of Ecosystems and Management).  Because of 

restrictions on prior publication, we only provide a summary of this successful part of the project.  

The genetic isolation approach was only partially successful, because the algorithms inherited 

by the project subcontractors from Weyerhaeuser Coastal BC turned out to have a number of 

errors that produced inaccurate and confusing results.  The limited project budget did not allow 

all of these errors to be corrected by the subcontractors, or much advancement to be made in 

implementing this approach.  We summarize this approach, the results to date, and suggestions 

for future improvements that someone interested in this second approach could make. 

 

Hypothetical species – for both approaches 

 In this approach, as in the genetic approach, users define a set of hypothetical species 

by simple habitat suitability (HSI) models and dispersal suitability models.  The features defining 

habitat and dispersal suitability are any characteristics that can be mapped and projected under 

different landscape scenarios, such as ecosystem types, stand ages, retention levels, 

disturbance types, etc.  We used 3 hypothetical species in our North Thompson case study: one 

that was restricted to living in older forest, but could disperse through mid-seral and old stands; 

a species with similar habitat use but which benefited from partial retention or legacies in 

burned stands; and a third species that had a broader tolerance of mid-seral and old forest for 
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living, as well as younger forest for dispersal.  (For simplicity, we only presented 2 of these 

species in our manuscript that is under review). 

Each species is then assigned a set of home range sizes and maximum dispersal 

distances, which are meant to capture the range of scales that are relevant to assessing the 

landscape.  In the large landscape unit used in our case study, we used home ranges of 5, 30 

and 100ha, and dispersal distances of  3, 10 and 30 home ranges (a total of 9 combinations).  

The maximum dispersal distances represent the distance that a disperser can reach with 5% 

survivorship in the dispersal-based approach, and the maximum distance between patches that 

a disperser can bridge in good dispersal habitat in the genetic isolation approach. 

  

Summary of dispersal approach to indexing connectivity 

 To apply the dispersal approach for a particular hypothetical species and combination of 

home range size and dispersal scale, the map is first gridded into hexagonal home ranges of 

the appropriate size.  The map is also gridded into hexagonal dispersal units, the individual 

polygons in which dispersal suitability is assessed.  These can be the same size as the home 

range units (as in Richards et al. 2002), or any other size.  In our case study, we used dispersal 

units 1/9 the area of the home ranges.  Each dispersal step (see below) was therefore 1/3 the 

“diameter” of the hexagonal home range.  (Hexagons are used because each adjacent hexagon 

is equidistant, simplifying the algorithm.) 

 Habitat suitability of each home range is the average suitability of each pixel (raster) it 

contains, which is in turn determined by the HSI model for that hypothetical species and the 

mapped or projected attributes of the pixel.  A fixed cut-off, set by the user, is used to 

designated a home range as suitable or not.  Each of the dispersal hexagons is similarly scored 

for its dispersal suitability, expressed as a survivorship cost for dispersing through that unit. 

Dispersers are sent out from each suitable home range in each of the 6 hexagonal 

directions.  A directionally constrained algorithm allows the dispersers to follow the path with the 

lowest survivorship cost in the general dispersal direction.  Survivorship is decremented 

according to the survivorship cost of the chosen dispersal unit.  Dispersal continues in a 

direction until the disperser’s survivorship drops below 5%.  The number of suitable home 

ranges encountered along a dispersal path, weighted by the disperser’s survivorship at that 

point, is summed.  This provides a measure, “survivorship-weighted number of suitable home 

ranges encountered” that is used to derive the index of connectivity.  Each suitable home range 

in the landscape is evaluated in this way for each combination of hypothetical species, home 

range and dispersal scale.  Because the algorithm is deterministic, iterations are not needed, 
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meaning that it can be implemented in a reasonable amount of time, even with large landscapes 

and many hypothetical species. 

Survivorship-weighted suitable home ranges are scaled by comparing them to the value 

of this measure expected in an ideal landscape of perfectly suitable habitat.  This comparison 

standardizes the results for the different maximum dispersal distances.  Four basic index values 

are used: A) Number of suitable pixels, B) Number of suitable home ranges, C) Dispersal 

adjusted suitable home ranges as a percentage of the ideal, and D) A combination of C and D 

called “dispersal-adjusted suitable home ranges” (DASHR).  A and B are simply indices of the 

amount of suitable habitat and whether it is aggregated enough to form suitable home ranges.  

C is the basic index of connectivity.  D is a useful index combining the amount and connectivity 

of habitat.  In addition, the approach produces maps of 2 aspects of connectivity: 1) The 

dispersal success from each suitable home range, showing areas with high (“sources”) and low 

(“sinks”) connectivity, 2) The number of dispersers passing through each pixel, showing 

“corridors” that are important for maintaining connectivity. 

In our case study, we applied this approach to a 109,000ha landscape in the North 

Thompson valley, using current landscape conditions, and conditions simulated (by the 

landscape model TELSA) under 4 scenarios: 1) Clearcutting with current standard operating 

rules about green-up and adjacency, 2) As in scenario 1 but with old-growth management areas 

(OGMAs) designated following landscape planning guidelines, 3) Partial cutting with light entries 

on a 20-year re-entry schedule, 4) A fire regime with return intervals and distributions of fire 

sizes similar to those expected under natural conditions in this area.  Scenarios 1-3 had the 

same rates of annual harvest, similar to current levels, as well as natural disturbances at 25% 

the rate expected naturally.  Scenario 4 is critical to interpreting the results, because it provides 

a baseline that gives scale to the differences and the temporal trends in the management 

scenarios.  For example, reference to the natural disturbance scenario helps to assess whether 

a higher connectivity value in the OGMA scenario is a substantial improvement towards natural 

conditions, or just an insignificant increase.  Scaling results to a natural disturbance scenario is 

particularly important for interpreting results in areas with substantial rates of natural 

disturbance, where the landscape would never be expected to be near the ideal conditions for 

an old-forest specialist.  

Our primary goal in the case study was to test and illustrate the application of the 

algorithm in real landscapes, but the case study did provide several interesting results, including 

the time it takes for a moderately-developed landscape to recover to natural conditions if 

harvesting ceased, differences between connectivity with clearcutting versus partial cutting (at 
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the same overall harvest rate), the short-term versus long-term contributions of OGMA’s to 

connectivity and the dominant effects of stochastic fires even in managed landscapes.  The 

maps produced also point out currently important areas for connectivity, and the contributions 

that OGMA’s made to maintaining these. 

Details of the dispersal-based approach, the algorithms to implement it, the calculation 

and interpretation of the indices and the quantitative and mapping results for the case study are  

in the manuscript currently being considered for publication in JEM.  In the second year of this 

project, the dispersal-based algorithm will be developed into a user-friendly program suitable for 

use with map output from landscape projection models. 

 

Genetic-isolation approach to indexing connectivity 
 This approach, and the algorithms to implement it, were originally developed by 

Weyerhaeuser Coastal BC as part of their landscape planning and adaptive management 

program.  For this project, the algorithms were developed and run on the case study scenarios 

by Kurt Raynor (RA Systems, Nanaimo) and Glen Dunsworth (Glen Dunsworth Ecological 

Consulting, Lantzville). 

 The basic idea behind this approach is that animals in a suitable home range have a 

certain amount of “energy” for dispersal.  More energy is spent dispersing through less suitable 

dispersal habitat.  Survivorship of dispersers is not tracked.  Instead, they go as far as they can 

in all directions until they run out of dispersal energy.  Any suitable home ranges that are 

encountered within this dispersal distance are considered to be in the same fragment (Figure 1).  

This process is repeated for all suitable home ranges, resulting in a count of the number of 

fragments of suitable habitat that are isolated from other suitable habitat for each hypothetical 

species and set of home range and dispersal scales.  The algorithm differs from a simple count 

of fragments of suitable habitat because dispersers can connect patches by crossing gaps 

between discontiguous patches, depending on the distance and dispersal suitability of 

intervening habitat.  [Note: the algorithm can be implemented using GIS buffering, with buffer 

widths dependent on the underlying dispersal suitability.  Dispersing individuals do not need to 

be simulated in this approach.]   
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Figure 1.  Illustration of the basis of the genetic-isolation approach to indexing connectivity.  The 

hatched area represents the area within the dispersal distance of a particular hypothetical 

species from the suitable habitat patch A1.  The dispersal distance (buffer width) is greater 

in the good-dispersal habitat than in the poor-dispersal.  Patch A2 is within this distance, so 
it is part of the same sub-population as patch A1; patch B is not (though it might end up 
being connected through some part of the landscape not shown in this small subsection). 

 This approach was also applied to the North Thompson landscape scenarios, using 

species with the same habitat and dispersal suitabilities, and the same set of home range and 

maximum dispersal scales as with the dispersal approach (though the meaning of maximum 

dispersal distance is different in the two approaches – the distance of 5% survivorship in the 

dispersal approach, and the maximum energetically possible distance in the genetic isolation 

approach).   

We experienced considerable initial difficulty getting the GIS-based genetic algorithm to 

produce the same habitat suitability maps as the dispersal approach, but these GIS problems 

were resolved.  Unfortunately, the GIS code originally developed by Weyerhaeuser to 

implement the conditional buffering and keep track of the connected patches had a number of 

bugs that were not fully resolved in the limited sub-contractor time provided by the project 

budget.  The most prominent unresolved glitch was the apparent creation of small extra 

subpopulations, even though these were clearly close enough to other subpopulations that they 

should have been connected.  This obviously inflates the number of isolated fragments.  

Unfortunately, we do not know if this inflation was proportional to the number of real fragments, 

a constant value across all scenarios, or something in between (or unpredictable).  Therefore, 
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we are not sure how to correct the results produced in the case study scenarios, without 

completely re-working the original GIS code (which would be time-consuming and expensive). 

The results presented below for the genetic approach standardize the number of 

fragments to the number expected in the natural scenario, and are useful to illustrate how the 

approach might work – and its limitations – but are just for illustration purposes since we do not 

know the effect of the program errors.  In the example (Figure 2), the number of fragments in 

the fire scenario declines from the current managed landscape to the presumed natural level 

over 75-100 years, as recently harvested stands age.  The natural fire rate is lower than the 

recent harvest rate, and the more randomly distributed, variable-sized fires divide the landscape 

less than do recent large cutblocks.  The two clearcut scenarios, with and without OGMA’s, tend 

to produce the same, increasing fragmentation for short-distance dispersers in the first 50 years 

(Figure 2, left).  At 75 and 100 years, the OGMA’s help to reduce further fragmentation.  Partial 

cutting produced more variable results (possibly reflecting more influence from programming 

errors). 
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Figure 2.  Examples of results from the genetic-isolation approach to indexing connectivity (both 

for the old-forest specialist hypothetical species with 5ha home ranges; left figure for 3 
home range dispersal maximum, right for 30 home ranges).  Higher values indicate more 
fragments, or lower connectivity.  Results standardized to 100 for fire scenario at year 100.  
Note the difference in y-axis scales in the two figures.  The results are for general 
illustration – they are affected in unknown ways by algorithm errors. 

 It is disappointing that we were unable to obtain more useful and reliable results from the 

genetic-isolation approach, which used half the project budget.  A comparison with the results of 

the dispersal approach, which are being reviewed for publication, would probably have provided 
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considerable insights about the different, complementary ways of defining and indexing 

connectivity.  The short-term problem with the genetic-isolation approach was underestimation 

of the mistakes in the program obtained from Weyerhaeuser, combined with the apparent 

complexity of the coding and therefore the time and expense needed to make it run properly.  

For practical applications, this complexity and unreliability would make this particular 

implementation of the algorithm impractically expensive.  However, that does not mean that the 

approach itself should not be pursued, perhaps with a simpler stand-alone implementation. 

 If this approach is followed with a different program, or the Weyerhaeuser version is 

fixed, the results could be made considerably more useful by adding some analysis of the size 

of the individual fragments.  Currently only a count is produced.  This number by itself can be 

misleading, or subject to different interpretations – fewer fragments does not necessarily mean 

better connectivity.  For example, large fires that incorporate unburned fire skips, or large 

cutblocks with large reserves can produce isolated fragments.  Eliminating these (e.g., by 

cutting fire skips, or not leaving cutblock reserves in the first place) would lower the fragment 

count for forest species, with little absolute change in the total area of suitable habitat.  

However, removing habitat should clearly not lead to an increased index of connectivity.  In 

reality, those small isolated patches of habitat are quite irrelevant to the landscape connectivity, 

if most of the suitable habitat is in a connected, contiguous patch.  A better metric might be: 

Effective number of fragments = 1 / Σ√pi,  

where pi is the proportion of suitable habitat in each fragment.  This formula gives a value equal 

to the number of fragments when all fragments are the same size (maximal fragmentation of 

habitat for a given number of fragments), and approaches 1 as the proportion of the total 

suitable area in the largest fragment approaches 1.  This formula reduces the weight of the 

smallest fragments, so that reducing their numbers has little effect on the overall index.  

Management actions that divide the larger fragments, however, would substantially increase the 

effective number of fragments.  Other metrics are possible once information on fragment size is 

available, but the formula above would be an efficient single index capturing much of the 

ecological theory behind the genetic-isolation approach. 

 The genetic-isolation algorithm was intended to produce maps showing which patches of 

suitable habitat are connected into subpopulations.  When done properly, these maps could be 

useful to suggest where “stepping-stone” habitat could be maintained to keep larger populations 

connected.  Changes in the maps would also indicate where proposed management divided 

subpopulations.  Currently, however, these maps are not reliable because of the unresolved 

programming errors. 

 10



 Further details on this approach and the program to implement it are available from Glen 

Dunsworth, browntrout@shaw.ca. 
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