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Abstract 

The purpose of this project was 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. 
 The project successfully developed a dispersal-based approach and working algorithm 
for indexing connectivity, and 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 by sub-contractors associated with Weyerhaeuser’s 
former coastal BC operations, but was not successfully developed due to programming 
problems that could not be resolved within the limited project budget.  The dispersal-based 
approach and the operational case study are described in a manuscript that is in press at the 
Journal of Ecosystems and Management. 

The dispersal-based algorithm was developed into a user-friendly program – DASHR – 
in the second year of this project.  The program and a detailed users’ manual are posted on the 
Web at www.forestbiodiversityinbc.ca (downloads section).  The program was tested by 
assessing connectivity for landscape management scenarios for mountain pine beetle salvage 
in CanFor’s TFL48 in northeastern BC.  A brief extension note was written to make other 
potential users aware of this program. 
 The dispersal-based index of connectivity, implemented with the DASHR program, helps 
managers compare connectivity of alternative planning scenarios with quantitative measures.  It 
also provides finer-scale guidance for planning harvesting in specific areas.  More generally, the 
algorithm helps convert connectivity from a loose intuitive concept to a more rigorous 
measurement that can serve as one landscape-level indicator of biodiversity. 
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Ecologically-based Connectivity Indices for Landscape Monitoring – Final Report 

 
Introduction 

[Note: Much of this report is repeated from the 2006 interim report, as the conceptual 
development and pilot runs for this project took place in the first year.  The second year was 
directed at producing, documenting and testing a user-friendly version of the dispersal-based 
connectivity algorithm.] 

 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.  

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 
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Richards et al. (2002)1, 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 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 the 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 submitted a manuscript on this approach and the scenario results to a local 
scientific and extension journal (Journal of Ecosystems and Management) in April 2006.  
Review comments were received and incorporated into the manuscript in April 2007.  The 
manuscript is now in press.  Because of restrictions on prior publication, we only provide a 
summary of this 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. 

In the second year of the project, the dispersal-based approach was developed into a 
user-friendly program with full documentation, and made available on the Web.  The program 
was tested by using it to compare landscape management scenarios for CanFor’s TFL48, an 
area in northeastern BC currently being affected by mountain pine beetles.  Results were 
provided to a larger project assessing coarse-filter biodiversity indicators for that area (F. 
Bunnell FSP project Y071014); these results are summarized briefly here. 
 
Methods 

Hypothetical species – for both approaches 

 In both approaches, 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 living, as well as 

                                                
1 Richards, W.H., D.O. Wallin and N.H. Schumaker.  2002.  An analysis of late-seral forest connectivity in 

western Oregon, U.S.A.  Conservation Biology 16:1409-1421. 
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younger forest for dispersal.  (For simplicity, we only presented 2 of these species in our JEM 
manuscript). 

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. 
  
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, 
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. 

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  
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in the manuscript currently in press at JEM2.  More detailed practical information about using the 
approach is provided in the users’ manual for the DASHR program (Appendix 1). 
 
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.  This algorithm can be implemented using GIS buffering, with buffer widths 
dependent on the underlying dispersal suitability.  Dispersing individuals do not need to be 
simulated. 

Poor

Dispersal

Good

Dispersal

A2B

A1

 
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). 

 
 Further details on this approach and the program to implement it are available from Glen 
Dunsworth, browntrout@shaw.ca.  
 

                                                
2 David J. Huggard, D.J., W. Klenner, L.L. Kremsater, G. Dunsworth.  (2007) Dispersal-based indices and 

mapping of landscape connectivity.  In press, Journal of Ecosystems and Management. 
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DASHR – a user-friendly version of the dispersal-based algorithm 

 The second year of the project focused on improving the dispersal-based algorithm 
based on lessons learned in the first year, and writing a VisualBasic program that provided user 
interfaces to input the various parameters needed by the algorithm and to produce various 
types of quantitative and map output.  The resulting program is called DASHR (for “Dispersal-
Adjusted Suitable Home Ranges”) and is available (by April 30 2007) at 
www.forestbiodiversityinbc.ca (downloads section).  A user manual is available there, and is 
also appended to this document. 
 
Connectivity in TFL 48 – test of user-friendly DASHR program 

To make sure that the program ran properly, it was tested with operational landscape 
plans from a different area, Block 4 of TFL48, a 284,400-ha contiguous area.  Mountain pine 
beetle is becoming prevalent in the area and is a main issue for landscape planning.  A larger 
project co-ordinated by Fred Bunnell is assessing how well different salvage options maintain 
various values, compared to pre-MPB plans.  This larger projected generated maps at various 
future times under the following management scenarios: 
TSA Preferred option: This 100 year simulation was based on the preferred planning scenario 

for the Timber Supply Area from the most recent Timber Supply Review.  Maps were 
generated every 20 years from 20-100 years. 

Twenty-year plan: The expected landscape in 20 years was taken directly from the twenty-year 
development plan (20 years only). 

MPB low attack: This scenario assumed a relatively low level of MPB attack, with harvest 
directed at salvaging affected stands in the initial years, then switching to remaining 
mature stands that are available for harvest in the longer-term. 

MPB high attack:  As above, but assuming a high level of MPB attack, in which younger pine 
stands are also susceptible. 

 Five hypothetical species were used in the TFL48 connectivity assessment: 
1) Older-forest: Habitat suitability for this species was at its maximum in stands ≥130 years, with 

declining value down to 90 years, decreasing to 0 at 50 years.  Dispersal survival was 
highest in stands ≥90 years, declining to low levels in stands <50 years. 

2) Older-forest no ESSF.  As above, but with habitat suitability 0 in ESSF (but ESSF still 
suitable for dispersal).  The no-ESSF species were intended to emphasize potential 
effects of the MPB salvage scenarios on real species restricted to lower elevations. 

3) Mature-forest: This species also preferred older forest, but was more tolerant of mid-age 
stands, with maximum habitat suitability in stands ≥90 years, declining down to 50 years 
and decreasing to 0 at 30 years.  Dispersal survival was high in stands ≥50 years, 
declining to low levels at 30 years. 

4) Mature-forest no ESSF: As above, but with habitat suitability 0 in ESSF (but ESSF still 
suitable for dispersal). 

5) Early-seral: Habitat suitability for this species was highest in stands <20 years, declining to 
30 years, and dropping to 0 for stands ≥50 years.  Dispersal success was highest in 
stands <30 years, decreasing to low levels in stands ≥130 years.  The threshold level for 
defining a suitable home range for this species was lower than for the older- or mature-
forest species, because early seral areas tend to be smaller and more widely spread. 
Because of the large size of the TFL48 study area, the connectivity analysis used 

relatively large home range sizes – 20, 100 and 500ha.  The landscape contains 14,220, 2,844 
and 568 of these home ranges, respectively.  Dispersal scales of 3, 10 and 30 home ranges 
were used.  With the smallest home range and dispersal scale, maximum dispersal distance 
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was 757m or 1.4% of the width of the study area.  With the largest home range and dispersal 
scale, the maximum was 37,847m or 71% of the width of the study area. 
 
Results and Discussion 

North Thompson pilot study of dispersal-based approach 

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.  We initially ran scenarios 1-3 with 
additional natural disturbance at 25% the rate expected naturally, but re-ran the scenarios 
without natural disturbances at a reviewer’s request.  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 
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. 

Results are presented in Huggard et al. (in press), and cannot be repeated here 
because of issues of prior publication. 

 
North Thompson pilot study – genetic-based approach 

 The genetic-based approach to indexing connectivity 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, 
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a constant value across all scenarios, or something in between (or unpredictable).  Therefore, 
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 was disappointing that inherited program bugs prevented a thorough development of 
the genetic-based approach to indexing connectivity.  If this approach is followed with a different 
program in the future, 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,)2  
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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.  
 
Connectivity in TFL 48 –Test of DASHR program 

 As a test of the DASHR program, the analysis of connectivity in TFL48 was successful – 
the program ran without problem for this different area, different scenarios and different 
operational questions.  The relevance of the results depends on how they are used, along with 
all the other biodiversity indicators, by the large coarse-filter monitoring project. 

Dispersal success 
Current: In the current TFL48 landscape, dispersal success of the 2 forest dwelling 

species is about 60-80% of the ideal value for local dispersal (Figure 3).  This indicates that 
suitable habitat is somewhat patchy on a small-scale – the local dispersers do not have 
dispersal success near 100% - but not so much that many home ranges are isolated.  
Dispersal success is typically lower for the longer dispersers, because long dispersers are 
more likely to encounter unsuitable habitat if suitable habitat is aggregated.  Dispersal 
success for the longer-distance dispersers is about ¼ to 1/3 less than for the local 
dispersers of the 2 forest species.  This shows more patchiness at the larger scales, but still 
substantial connectivity on the larger scale.  Dispersal success is lower for the early-seral 
species 3, especially at larger scales where it has to cross unsuitable forest to disperse 
among the patchy open areas. 

30 years ago: Thirty years ago, the large areas of mid-seral forest were both unsuitable for 
species 1, and poor for dispersing, producing low dispersal success for the large-scale 
dispersers that had to cross these regenerating burns.  Even though those stands were 
also low suitability habitat for species 2, they were adequate for dispersal of that broader 
forest species, so its dispersal success was not much lower 30 years ago.  Similarly, the 
mid-seral areas were not suitable habitat for species 3, but they were more able to move 
through them than through the current older mid-seral stands, producing higher dispersal 
success 30 years ago. 

TSA preferred scenario:  The relatively low rate of harvest of the TSA preferred option 
reduces dispersal success of the 2 forest species slowly.  For species 1, this is mitigated in 
the initial decades by the increase in suitable habitat as currently mid-seral stands age.  
Again, this aging benefits species 2 less, because most of these stands are already 
suitable for that species.  The TSA preferred scenario has little effect over time for the early 
seral species 3.  The 20-year plan has similar or slightly greater effects on dispersal 
success. 

Low MPB: The low MPB scenario has a more substantial impact on dispersal success for 
the forest species.  For  species 2, the effect happens immediately, as the bulk of its 
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suitable habitat in mid-seral pine is removed or the surrounding landscape fragmented.  
The immediate impact is seen at all scales of home range and dispersal, since the  
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Figure 3.  Dispersal success, expressed as a percentage of the value expected in an ideal 
landscape of completely suitable habitat, for 5 species under 4 scenarios. 

 
harvesting is in among the suitable mid-seral pine stands.  For species 1, the main effect of 
the low MPB scenario comes later, particularly for larger-scale dispersers, when salvaging 
and subsequent harvest have mostly isolated the large patches of remaining old forest.  
The low MPB scenario only slightly increases dispersal success for the early-seral species 
3, as harvest rates are still low enough not to produce extensive tracts of open areas. 

High MPB: The high MPB scenario has large effects, reducing dispersal success of the 2 
forest species by about 40% at the small scale and by 60% or more at larger scales.  Again, 
the main effect for species 2 is immediate, when its suitable habitat in mid-seral pine is 
largely removed, while species 1 is particularly affected when harvesting later shifts into the 
remaining patches of old forest in the ESSF.  The harvesting is intensive enough in this 
scenario to maintain large well-connected open areas that produce much increased 
dispersal success in species 3. 

ESSF contribution: The ESSF is important for dispersal success of the forest species, 
especially species 1, because it has less fragmented large patches of old forest.  For species 
with large home ranges, the TSA preferred option reduces connectivity moderately in non-
ESSF, while the low MPB scenario has a strong initial reduction, followed by continued 
isolation of suitable non-ESSF home ranges at year 75.  The high MPB scenario reduces 
non-ESSF connectivity to similarly low values by year 40. 

 
Dispersal-adjusted suitable home ranges (DASHR) 
 The DASHR results are presented in Figure 4.  The main pattern to note is the 
pronounced decrease in this index for the old-forest species 1 under the high MPB scenario, 
especially compared to the modest changes under the TSR preferred option.  The reduction of 
DASHR is relatively more severe for species 2, as suitable mid-seral habitat is both reduced and 
fragmented.  Species 3 benefits particularly in the initial years of the high MPB salvage. 

-20 0 20 40 60 80 100

0
2
0

4
0

6
0

8
0

1
0
0

D
A
S
H
R
 (
%
 o
f 
id
ea
l)

SP 1

TSA preferred
20-year plan

MPB high
MPB low

-20 0 20 40 60 80 100

0
2
0

4
0

6
0

8
0

1
0
0

SP 1 NonESSF

TSA preferred
20-year plan

MPB high
MPB low

 
(Figure 4 – Continued next page) 
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Figure 4 (Continued from previous page).  Dispersal-adjusted suitable home ranges (DASHR), 

expressed as a percentage of the value expected in an ideal landscape of completely 
suitable habitat, for 5 species under 4 scenarios.  DASHR is a combined index of amount 
and connectivity of suitable habitat. 
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Dispersal through the landscape 
Maps of dispersal activity through all points in the landscape can illustrate large areas of 

suitable habitat that may act as dispersal sources, 
and areas of dispersal between them that may be 
important as corridors.  In the example for species 1 
in Figure 5, a large area of suitable habitat with 
abundant dispersers currently occurs in the north part 
of TFL48 (A), with small areas producing moderate 
dispersal activity in the south and east (B).  
Connections may be weak between area B and the 
rest of the suitable habitat (though the boundary of 
the TFL makes this uncertain). 
 By 20 years in the high MPB scenario, the 
suitable areas near A and B have been removed, 
but the remaining suitable areas in the west and 
south are still connected.  Corridors with 
considerable dispersal activity are seen north and 
southwest of C in Figure 5.  A small area of suitable 
habitat has regenerated near D, and is linked, 
somewhat tenuously, to the main area of suitable 
habitat (primarily high-elevation). 
 By year 60, most of the suitable habitat in the 
landscape has been removed or reduced to 
fragments producing few surviving dispersers, 
except for some high elevation area in the 
northwest.  This area has little linkage with the rest 
of the landscape as the previous corridors near C 
have mainly been cut (again, there may be 
connectivity with areas outside the TFL 
boundaries).  A few suitable areas have 
renegerated in the east (near F), but these are also 
poorly connected to each other or other patches. 
 A variety of other smaller corridors can be 
detected on these maps (or on the higher resolution 
versions).  These may be useful features to 
consider when planning harvesting spatially.  
Opportunities for finer-scale planning of connectivity 
are greatest when there can be iterations between 
the connectivity assessment and modified 
harvesting plans, which was not the case for this 
project. 
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Figure 6. Dispersal activity across the

landscape, for species 1 in the high MPB
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Conclusions and Management Implications 

[Section modified from Huggard et al. (in press)] 

 The connectivity indices produced by the DASHR algorithm are one landscape-level 
indicator of biodiversity.  They should be used as part of a broader monitoring program that 
includes more fundamental measures, such as ecosystem representation, seral stage 
distributions and edge versus interior area.  Complementary approaches to assessing 
connectivity, such as the genetic approach explored in this project, should also be considered.   
 Connectivity monitoring fits into landscape planning processes at two points:  

1) Comparisons of overall approaches to managing landscapes. 
This was illustrated by the simple comparisons of partial cutting and clearcutting with 

versus without OGMA’s, or comparisons of different mountain pine beetle salvage options 
in our case studies.  Other comparisons would include the use of designated landscape 
corridors (e.g., Forest Ecosystem Networks) versus similar reserve areas allocated at a 
finer spatial scales (e.g., within variable retention cutblocks), strategies to aggregate 
harvesting compared to widely dispersed cutblocks, or different approaches to harvest 
management in systems dominated by natural disturbances. 
Connectivity could also be assessed to compare different ways of allocating reserves 

that have other primary purposes.  For example, OGMA’s are meant to represent different 
ecosystem types in older-forest reserves, but different placements of OGMA’s may 
contribute more or less to maintaining landscape connectivity.  Different locations for 
wildlife habitat areas can also contribute more or less to connectivity while meeting their 
primary goal of providing habitat.  Reserve design to maintain connectivity will be 
particularly important when large areas of the landscape are disturbed by mountain pine 
beetles. 
An important part of this assessment is projecting the long-term consequences of the 

currently available options.  This would ideally include examining how much flexibility the 
options allow if there are unexpected natural disturbances in the future.  Given the 
importance of natural disturbances in many Interior BC landscapes, planning much 
beyond 20 years is unlikely to reflect actual future conditions. 
This broad-scale assessment of connectivity would be done as part of initial strategic 

planning for landscape units, and renewed periodically as conditions and values change. 

2) Finer-scale planning of harvest blocks. 
At a finer-scale, the maps of areas that provide high dispersal success and areas that 

are important for dispersal can help guide location and timing of individual cutblocks.  We 
did not explore this detailed planning in our case studies, but a few areas in both case 
studies stood out as potentially important for maintaining this finer-scale connectivity.  
These areas could be the focus for careful planning to ensure that suitable dispersal 
habitat is provided through time.  This could involve either spatial modeling to provide 
corridors through time, or use of alternative silvicultural systems that allow easier animal 
movement.  Partial salvaging – including retention within disturbed stands, and areas with 
no salvaging – will also be important in pine-dominated landscapes. 
In some landscapes, preventing spread of introduced early-seral species may also be 

important.  In these situations, avoiding creating dispersal corridors for these species may 
be a goal for detailed planning. 
The connectivity maps would be consulted as part of developing local operational 

plans, such as forest development plans. 

More generally, using a formal approach to indexing connectivity – rather than just an 
intuitive assessment of maps – should help establish connectivity as a standard quantitative 
measure of landscape conditions, like age structure or amount of edge.  Specific algorithms for 
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measuring connectivity help to define what is meant by the otherwise vague concept of 
“connectivity”. 

A brief draft extension note prepared to make other potential users of the DASHR 
program aware of its availability is in Appendix 2. 
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Appendix 1: User Guide for DASHR – A Coarse-Filter Index of Connectivity 

David Huggard, February 2007 
  
 
 
Introduction 

Habitat connectivity – and its inverse, fragmentation – are often recommended as 
general landscape indices for monitoring biodiversity management.  The difficulty with 
monitoring connectivity as a general index is that it has aspects that are inherently species 
specific.  Most obviously, connectivity depends on what an organism perceives as habitat 
(“connectivity of what?”).  Similarly, whether two areas of suitable habitat are connected or not 
depends on how hostile an organism perceives the intervening areas.  Scale is also an issue.  
Two nearby areas of habitat may be easily connected for a species with a large home range or 
long-distance dispersal abilities, but isolated for smaller or less mobile organisms. 
 One option to deal with the inherent species-specificity of connectivity is to model it for a 
range of real organisms.  This works as part of a fine-filter approach to monitoring those 
organisms, but is limited as a coarser-scale biodiversity indicator.  One problem is that 
individual species always have important idiosyncracies – one species may rely one a certain 
shrub at a particular season, another may avoid roads if there is a long history of hunting in the 
area, etc.  This makes it difficult to interpret results for that species as indicative of a broader 
range of biodiversity.  It is also challenging to model a wide enough range of real species to 
represent the range of biodiversity. 
 An alternative approach to coarse-filter indexing of connectivity is to use a range of 
“hypothetical species” (Richards et al 20023; Huggard et al. in review4).  Hypothetical species 
are defined by simple habitat and dispersal suitability models, as well as home range sizes and 
dispersal abilities, because connectivity has no meaning without these characteristics.  
However, hypothetical species do not include all the detailed autecological information required 
to model real species in landscapes.  As with measuring other landscape indices like age class 
distribution, edge density, etc., the goal of modeling connectivity for hypothetical species is to 
provide an index of one aspect of the landscape, which is believed to have relevance to a wide 
range of real biological species. 
 The DASHR program uses an algorithm that models dispersal success of hypothetical 
species on maps of real or simulated landscapes provided by the user.  The program provides 
quantitative output of dispersal success for a range of hypothetical species and scales, to be 
used as a set of indices of connectivity of the landscape.  These indices are intended as one 
tool to compare alternative management scenarios for landscapes, to compare managed to 
“natural” landscapes, and to track changes in landscape condition over time.  The program also 
produces maps highlighting areas with high or low dispersal success, and areas used by many 
dispersers (“corridors”).  These maps are tools for finer-scale planning of management activities 
within landscapes.  Further information on the concept of hypothetical species as an index of 
connectivity are provided in Richards et al. (2002).  The modifications to their approach that 
form the basis of the DASHR algorithm are described and illustrated in Huggard et al. (in 
review).  The rest of this document provides details on how to use the DASHR program.  
                                                
3 Richards, W.H., D.O. Wallin and N.H. Schumaker.  2002.  An analysis of late-seral forest 

connectivity in western Oregon, U.S.A.  Conservation Biology 16:1409-1421. 
4 Huggard, D.J., Klenner, W., L. Kremsater and G. Dunsworth, in review.  Dispersal-based 

indices and mapping of landscape connectivity.  In review at Journal of Ecosystems and 
Management (JEM), review expected to be complete summer 2006. 
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Requirements 
 The program requires the following information from users. Details follow in separate 
sections: 

1. Map file(s) of the landscape(s) to be analyzed.  Because the basic purpose of monitoring is to 
compare alternatives or track changes over time, there will usually be at least 2 maps.  If a 
scenario is to be analyzed over time, there will have to be a separate map for each time 
period of interest (e.g., current landscape, year 20, etc.) 

2. Simple habitat and dispersal suitability models that define one or more hypothetical species.  
These models need to be based on variables that are included in the maps.  (Hence, if 
projected landscapes are being analyzed, the variables included in the suitability models 
must be projectable). 

3. One or more scales of home range size and dispersal distances to be used with each 
hypothetical species. 

4. Decisions on various options, including types of output. 

 The file “default” in the same directory as DASHR.exe will be used to provide default 
values if it is available.  If not, it will be created after the first complete run, along with an 
additional file “default temp” (which can be deleted). 

Maps 

Map files to be analyzed need to use a rectangular raster grid covering the landscape of 
interest.  The raster spacing has to be even and the same in both dimensions (e.g., 25m 
spacing east-west and north-south).  These raster files are easily generated in most GIS 
programs by overlaying a grid of regularly-spaced points on the map layers that contain the 
variables relevant to the habitat and dispersal suitability models. 
 Currently, the map file needs to be in comma- or tab-delimited format, with one row per 
raster point, and the following fields: 

1. X co-ordinate. 

2. Y co-ordinate. 

3. 1-3 habitat variables used to define habitat and dispersal suitability. 

4. An optional field used to flag any raster points that are outside of the landscape of interest 
(which occurs because the landscape is rarely a perfect rectangle).  This off-map 
information can also be provided by a particular value in one of the habitat variables (e.g., 
forest age = -999). 

� The fields can be in any order, and other fields (which will be ignored) can be included. 
� The file should have a single comma- or tab-spaced header row, giving the names of the 

fields. 
� The X and Y co-ordinates are most easily interpreted if they are in meters, based on some 

origin on or off the landscape of interest (e.g., UTM co-ordinates, though these would have 
to be modified if the landscape occupies >1 UTM grid).  Other co-ordinate systems, like 
lat-long, should be converted into meters from an origin. 

� The 1 to 3 variables used to define habitat can be categorical (e.g., forest type, harvest type, 
disturbance history, land use type) or continuous (e.g. stand age, elevation).  If they are 
categorical, a reasonably small number of categories should be used because suitability 
values have to be defined for each combination of categories of the 1-3 variables.  (If there 
were 10 categories for each of 3 variables, habitat suitabilities would have to be defined 
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for 1,000 combinations).  Suitability models for continuous variables break the range of the 
continuous variable into discrete segments, with linear interpolation between the segment 
endpoints (example in following section). 

� NOTE: If a habitat or dispersal suitability model for a hypothetical species requires more than 
3 mapped variables to define, the raster file will have to be pre-processed to summarize this 
information in 3 or fewer variables.  The most general way would be to simply process the 
variables into one field with a habitat suitability score, and one with a dispersal suitability score.  
The habitat and dispersal suitability models would then just be directly proportional to the 
appropriate field.  Pre-processing could also be used if there is a complicated equation relating 
one or more variables to suitability.  As a general note, though, the purpose of this program is 
coarse-filter indexing of connectivity, not modeling actual biological species.  Simpler habitat 
and dispersal suitability models will make the results more understandable, and probably more 
generally relevant. 

Example of comma-spaced format for raster file 

X,Y,Hab1,Hab2,Hab3,Other,Etc,Off-map �HEADER ROW 
0,0,Fir,75,Burn,a,b,True �ONE DATA ROW PER RASTER 
0,25,Fir,75,Burn,a,c,False 
0,50,Pine,25,Harvest,a,b,False 
… 

 
The spacing of the raster points will depend on the size of the landscape of interest, and the 

size of home ranges to be used for the analysis.  A spacing that provides roughly 1000x1000 
rasters is probably often a good compromise between preserving details of the landscape and 
keeping file sizes manageable.   

 
 
Defining habitat and dispersal suitability indices 

 Hypothetical species are defined by the habitat suitability index (HSI) and dispersal 
suitability index (DSI) models provided by the user.  These models need to convert all 
combinations of categories (or segments of continuous variables) for the 1-3 habitat variables 
into a habitat suitability score and a dispersal suitability score. 

Illustrative example of determining a suitable raster spacing and minimum 
home range size 

� Landscape size: 1000 km2 (40km x 25km) 

� Spacing for 1,000,000 rasters: √(1000km2 / 1,000,000) = √(0.001km2) = 31.6m 

� Using 30m spacing gives a reasonable 1333 x 833 rasters. 

� To have 50 raster points per home range requires a minimum HR of 4.5ha. 

� If the minimum home range size used was 5ha, there would be 111 home 
ranges across the shorter dimension of the landscape.  This scale would 
probably provide useful information about connectivity within sub-areas of the 
landscape.  Analyses with one or more bigger home ranges would also be 
desirable to index connectivity across the whole landscape. 
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The habitat suitability score is a number between 0 (no value as habitat) and 1 (ideal habitat), 
similar in concept to the simple HSI models developed for real species by the US Forest 
Service.  The entered values are not scaled, and the program will not allow numbers 
outside the 0-1 range. 

The dispersal suitability is generally similar, with a value of 0 indicating that a disperser entering 
that habitat will have absolutely no survivorship (i.e., all dispersers will die immediately).   
�As a note, it would be rare for any real habitat type to have absolutely no survivorship 

for a dispersing organism.  The worst dispersal habitats should therefore probably 
have a DSI value somewhat >0.   

� DSI models will generally be less restrictive than HSI models.  That is, there will usually 
be some habitat types that are low suitability in the HSI but that are still good for 
dispersal.   

� The upper limit for dispersal suitability is never 1, because there is always some 
survivorship cost to any dispersal, even in ideal habitat.  The upper limit is 
determined by the maximum dispersal scale.  For example, a maximum dispersal 
scale of 10 home ranges implies an upper limit to dispersal suitability of 0.741, 
because a survivorship of 0.741 per dispersal step results in a total survivorship of 
0.05 after 10 steps (0.74110=0.05).  The program scales the entered DSI values so 
that the best one matches this calculated maximum (which changes for each 
dispersal scale being analyzed). 

 HSI and DSI models are entered in Excel spreadsheets, because these allow cutting 
and pasting to reduce the tedium when there are many combinations of variables to be 
assigned values, or to create new hypothetical species.  All species that are going to be used in 
a run of the program need to be in the same Excel file, on different worksheets.  The program 
scans the map file (but only the first one if several are being batched) and checks that all 
combinations of variable categories are included in the HSI and DSI tables in the Excel 
spreadsheets.  It will add appropriate columns, rows or tables for categories of variables that 
occur in the map but not in the HSI/DSI spreadsheets.  The program will also format a blank 
worksheet based on a map for creating a new hypothetical species. 

� NOTE:  The procedure to read and check the Excel spreadsheet is currently far from idiot-
proof, and makes a number of assumptions about how the sheet is set-up.  Modifications to the 
HSI and DSI tables need to maintain these assumed formatting features, or the program will 
probably fail to read the worksheets correctly.  It is best to use the program to create new files, 
and to copy existing HSI and DSI models when creating a new species in an existing file.  When 
setting up a new HSI file, it may be necessary to save the Excel file, then re-run DASHR – the 
program does not always seem to update information properly from the new Excel file. 
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� NOTE: The program only checks the HSI/DSI file against the first map in a list of maps to be 
batched.  The program may highlight some rows, columns and/or tables in the HSI/DSI file that 
it thinks are not needed because they do not occur in the map it examined.  These 
rows/columns/tables should be retained if they represent variable values that do occur in other 
maps.  There is no harm in including unused categories in the HSI/DSI files. 
 For continuous variables, the program will ask for cut-points within the observed range 
of the variable(s).  These are used as end-points of segments, between which HSI/DSI values 
are interpolated linearly.  In the example below, the user entered HSI values of 0, 0.1 and 1 for 
stand ages 50, 100 and 150.  The HSI value for a 125 year old stand would be interpolated at 
0.55. 

Because all combinations of the 1-3 variables are assigned HSI and DSI values in the 
Excel spreadsheet, different curves could be generated for different values of a categorical 

Formatting assumptions for the Excel HSI/DSI spreadsheets 

The program assumes that: 

1. There is one species per worksheet. 

2. Habitat variable 1 – that is, the first one on the list of habitat variables on the 
programs’ “Choose fields from map file” screen – is represented by rows in the 
HSI and DSI tables, variable 2 is represented by columns, and variable 3 is 
represented by separate tables on the same worksheet. 

3. The DSI table is the same format (i.e., same order of rows and columns) and on the 
same rows of the worksheet as the HSI table. 

4. That there are no blank rows or columns within the tables (blank rows are permitted 
between tables on a sheet, and between the HSI table and the adjacent DSI 
table). 

5. The category names for the rows of the HSI table are in the second (B) column and 
the first column of values is in the third (C) column. 

6. If there are 3 variables, there is a table for each category of the third variable, the 
tables are all of the same format (i.e., same order of rows and columns for the 1st 
and 2nd variables, respectively) and the name of that third variable is in the first 
column (A) on a row preceding the start of the table. 

1

2

3

5

6
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variable (or 2- or even 3-way interactions of continuous variables could also be represented.)  
However, all the cutpoints that occur in these interactions would have to be entered.  (For 
example, the sharp upturn in HSI seen in the example figure might occur at 80 years in a 
different stand type; both 80 and 100 would have to be entered as cutpoints initially).  Although 
this system can be made to capture complex habitat relationships, the point of this whole 
approach is to provide simple, interpretable indices of connectivity for coarse-filter monitoring.  
Excessive complexity should be avoided. 

 
Home range and dispersal scales 

 The algorithm uses one or more hexagonal home ranges and maximum dispersal 
distances set by the user.  Home ranges are specified in hectares.  Maximum dispersal 
distances5 are set as multiples of home ranges (e.g., 3 home ranges, 50 home ranges).  For 
typical forest landscapes of the 200-1000km2 size range, appropriate home range sizes might 
be 5, 20 and 100ha, with dispersal maximums of 3, 10 and 30 home ranges.  The combination 
of the largest home range and largest dispersal scale could fairly easily cross the entire 
landscape in suitable dispersal habitat.  The smallest combination would provide very fine-scale 
detail within sub-areas of the landscape. 

The analyses use all combinations of species defined by HSI/DSI models, HSI cut-offs, 
home range scales and dispersal scales.  For example, 2 species with 1 cut-off, 3 home range 
sizes and 4 dispersal distances will result in 2x1x3x4=24 runs and quantitative indices per map. 

Schulz and Joyce (1992) recommend at least 50 raster cells per (smallest) home range, 
though this could be relaxed for the coarse-filter purposes of this algorithm.  In general though, 
larger landscapes will be more appropriately analyzed with larger home ranges, simply because 

                                                
5 Because survival decreases with each dispersal step even in perfect habitat, the maximum dispersal 
distance is really the number of home ranges of perfectly suitable dispersal habitat the species can 
disperse through until its survivorship drops to 5%.  See Huggard (in press). 

Example of Using Cut-point Values for HSI Curve for Continuous Habitat Variable 
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� HSI (and DSI) values are entered in the Excel file for the 3 cut-points at 50, 100 

and 150 years (red dots).   
� HSI (and DSI) are assumed constant at values of the habitat variable less the 

minimum cut-point and greater than the maximum one. 
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landscape-scale connectivity does not make sense for species whose home ranges are very 
much smaller than the landscape of interest.  The example in box on page 3 illustrates the sort 
of thinking a user might follow in determining appropriate raster spacing and minimum home 
range size. 
 
Other options 

HSI cut-off for suitable home range: The algorithm tacks suitable versus unsuitable home 
ranges, which requires one or more HSI cut-off points, above which a HR is suitable.  Although 
multiple cut-off points can be used, it is generally simpler to use a single value.  However, it can 
be worth trying several values to determine one that provides a useful intermediate proportion of 
suitable home ranges. (Too few suitable home ranges provide little information about dispersal 
success from suitable home ranges; too many also provide little information since dispersers 
encounter suitable home ranges at every step.) 

Dispersal step: Dispersal occurs in discrete steps, which can be the diameter of a home range 
or integer fractions (i.e., ½ a home range, 1/3 a home range, etc.)  This does not affect the 
maximum dispersal distance, which is set in home range units, but it does affect the scale over 
which the dispersal suitability is calculated for each dispersal step.  With a smaller fraction, 
dispersal suitability is calculated over smaller areas, allowing the disperser to follow corridors of 
suitable dispersal habitat that are smaller than a home range (e.g., riparian strips).  A value of 
1/3 a home range per dispersal step seems reasonable for realistic dispersal. 

Using a rotated hexagonal grid: The algorithm uses a hexagonal grid system.  This can 
sometimes produce visual artifacts on the maps produced by the algorithm, with “corridors” of 
dispersal habitat that are aligned with the hexagonal grid directions receiving more use than 
similar corridors that are 30° off the hexagonal directions.  To avoid these artifacts, the 
algorithm can run twice, once with the hexagonal grid rotated 30°.  This requires twice as much 
processing time. 
 
Output 

 The output numerical values are: 

1) Percentage of pixels in the landscape that are suitable. Suitable pixels differ for each species 
and HSI cut-off, but are not affected by home range size or dispersal scale. 

2) Percentage of suitable home ranges.  Suitable home ranges differ for species, HSI cut-off 
and home range size, but not by dispersal scale.   

3) Dispersal success from suitable home ranges.  The dispersal values are affected by all four 
parameters.  The algorithm scales dispersal success to a percentage of the value 
expected in a landscape that is perfectly suitable for dispersal.  This allows standardized 
comparisons among runs with different dispersal scales.   

4) Dispersal-adjusted suitable home ranges (DASHR).  DASHR is the combination of percent 
suitable home ranges multiplied by percent dispersal success, a composite indicator of the 
amount and connectivity of suitable habitat in the landscape. 

 These numerical values can be output in 2 ways: 

1) As formatted tables, with the values for different home ranges as rows and dispersal scales 
as columns, and/or  

2) As tables with the values for each run on a separate row (more suitable for plotting in a 
graphics program). 
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Output maps can include: 

1) HSI across the landscape. 

2) Dispersal success from suitable home ranges. Because dispersal only occurs from suitable 
home ranges, the map of dispersal success will only have values for suitable home ranges. 

3) Dispersal through each point on the landscape.  Dispersers can pass through any cell on the 
map, whether or not it is a suitable home range, so the dispersal-through map will have values 
for each cell in the landscape.   

Maps can be output in two forms:  

1) As bitmap files at the resolution of the display boxes in the program, and/or  

2) As comma-spaced files with the values for up to 1000x1000 pixels (if the map is square – 
resolution of 1000 in longest dimension for a rectangle).  [The high-resolution HSI map file will 
be produced at the resolution of the original input map, because it does not involve the 
hexagonal grid used for home range and dispersal calculations.]  The high-resolution .csv files 
can be converted into a higher resolution map by plotting the values later, or by importing back 
into a GIS program. 
 
 The program runs each combination of hypothetical species (HSI/DSI model), HSI cut-
off, home range size and dispersal scale.  Numerical values are output for each run; they can 
easily be averaged or otherwise summarized later.  Maps can be output for each run, but they 
can also be averaged over any 1-4 of the factors.  For example, one map could be produced for 
each species that averages results for all home range and dispersal scales.  Maps that average 
over the different home range and dispersal scales are probably the most useful for interpreting 
for finer-scale landscape planning.  Separate maps for each combination of the 4 factors can be 
too much information to interpret effectively.  The program provides options for which of the 4 
factors to average across, and which to keep separate. 
 
 Note that the file names for the output maps label the first map in a batch “map 1”, the 
second “map 2”, etc.  The full map name is not included because this would typically make the 
output file name too long.  The user needs to keep track of which map was first in the batch list, 
second, etc.  (but the summary table output records the full map name, so the batch order can 
be checked using the tabular output.) 
 
Default file 

 Entered file names, option choices and numerical values are saved in a file of default 
values (updated only when all forms have been completed – if the program is abandoned before 
the final screen, the default file will not be updated).  This file has the name “default” (no 
extension, but it is a text file) in the same directory as the program.  This file can be altered in a 
text editor, but any change in the file format will probably make it unreadable.  Another file 
“default temp” is also created in this directory as the input forms are used. 
 
Screen-by-screen description 

 There are 9 screens for inputting parameters, and a final screen that runs the algorithm.  
Holding down the left mouse-button on the  ?  on each of the 9 input forms provides a brief 
reminder of the purpose of each screen.  Currently, these screens have to be followed in order 
(there is no way to go backwards). 
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1. Choose map file.   

� Specify drive, directory and file name of raster map file (.csv or .txt only).   

� Selecting several files by using Shift or Ctrl and the mouse before pressing OK will analyze 
all the selected maps.  However, only the first of these batched maps will be used to check the 
HSI/DSI file (or to set up a new one).  You will have to make sure that all habitat field values 
that are included in batched map files other than the first map have HSI and DSI values 
designated in the HSI/DSI file. 

[Directory names]

[.csv and .txt files only]

Holding the left mouse-button down on the  ?
will display a brief description of each screen.  

 

2. Assign short names for each map. 

� Provide a short name for each map.  These will be used to identify the map in output tables, 
and in output file names. 

Map names are used in output tables
and file names.  They can include 
spaces, but should be short.
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3.  Choose fields from map file.   

The program will list the names in the header row of the raster map file.   

� Select the field with the x co-ordinate, press the top “ADD” button to designate this as the x 
co-ordinate. 

� Repeat for y co-ordinate and 1-3 variables used as the habitat type fields in the HSI/DSI 
model. 

� Use the check boxes to the right of the HSI/DSI field list to indicate if any of the habitat types 
are continuous numeric variables.   

� If any of the raster points are outside of the landscape of interest (“off-map”), also designate 
the variable that is used to code off-map rasters, click the appropriate equality option (>, = or <) 
and the value that codes off-map raster (e.g., “[field] = True” or “[field] < 0”).  Only include 
quotation marks if these are included in the raster file (i.e., only enter “True” if the raster file 
uses “True” not if it just uses True).  This field is case-sensitive (“True” and “true” are different).   

� Click on one of the 4 options for the position of the origin. (This is needed to make the maps 
display right side up.  The graphic files can always be flipped in a graphics program later if the 
position of the origin is unknown). 

In this example, X co-ordinates increase left
to right, Y co-ordinates increase upwards.

Note: No quotation marks if
none used in map file. Case-
sensitive.

In this example, age 4 is continuous
numerical, bec4 is categorical.

Select field here, then click
appropriate “ADD” button.

To remove a habitat field, select it.
The “ADD” button will change to “REMOVE”.

 
 



FSP Y072044 Connectivity Indices – Final Report David Huggard, April 2007 

 26 

4. Map dimensions and variables.   

This information should be extracted by the program from the raster map file.  Currently 
there is no option to modify these values, because incorrect values mean that the raster map 
doesn’t match the program’s assumptions.  This might happen if the raster grid does not have 
equally spaced values, with the same spacing in both dimensions.  If the information is 
incorrect, the raster map will have to be corrected. 

Check that pixel size is correct.
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5. HSI/DSI file name.   

� Enter the drive, directory and file name of an existing Excel file with the HSI and DSI model 
information. 

� The program will then check that all combinations of the values for the 1-3 habitat fields are 
included in the file, and have acceptable values.  If not, the program will highlight problems 
(including adding rows, columns or tables for missing values in habitat field 1, 2 or 3.)  Values 
that are included in the HSI/DSI file but were not found in the map file are highlighted in blue.  
These unnecessary fields may be left in the file (the unnecessary fields may be included in a 
map sheet that wasn’t checked if several maps are being batched.) 

� To create a new file, enter the drive and directory, and type in the name for the new file.  The 
program will set up one species (i.e., one worksheet) with the appropriate tables determined 
from the values of the habitat fields (from the first map sheet only, if there are multiple map 
sheets being batched).  You should not modify this format, but you can copy and paste it onto a 
new sheet to add additional species. 

[Directory names]
[.xls files only] Click on existing file…

…or enter name for new file.

 
 

6. Choose species.   

� Choose one or more species to use for the analysis by checking the appropriate check 
box(es).  Note that all worksheets in the HSI/DSI file will be listed, even if they do not contain 
relevant HSI/DSI tables. 

Check at least 1 species.
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7. Choose home range and dispersal scales.   

� Enter one or more home range sizes (in hectares) by typing the value in the top box and 
pressing ‘Enter’ 

� Enter one or more dispersal scales (in units of home ranges). 

� Enter one or more HSI cut-off values for designating ‘suitable’ home ranges (between 0 and 
1). 

� Double-click on values already in the list to remove them. 

� Also, enter an integer number >1 to designate the size of a dispersal step relative to the 
home range size (e.g., 1 /  3  means the dispersal step is 1/3 the diameter of the home range). 

Type in and press ‘Enter’
to add new value to list.

Double-click on value
to remove from list. Enter integer >1 for size of dispersal 

step compared to home range.

 
 

8. Output file.   

� Specify the drive, directory and name of an existing file, then choose ‘Append’ (to add new 
results to existing file) or ‘Overwrite’ (to overwrite the existing results with new results). 

� Or, to create a new file for results, enter the name in the text box and press ‘OK’.  The 
program will add “ summary.csv” to the file name for the tabular summary, and “ graphable 
summary.csv” to the file name for the summary in format appropriate for importing into a 
graphing program. 

If existing file is selected, “Append”
and “Overwrite” buttons will appear.

Or, enter name for new output
File and press “OK” button.

[Directory names]
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9. Output options.   

� Check any of the desired output options for numerical and map output.   

� Also check or uncheck the option for repeating the analysis with the hexagonal grid rotated 
30°, which reduces directional artifacts on maps (but doubles the analysis time). 

� Maps can be saved separately for all combinations of the 4 analysis factors – species, HSI 
cut-off, home range size and dispersal scale – or averaged across any 1-4 of these variables.  
Use the option boxes for each factor to indicate which should be combined versus kept 
separate.  (It generally makes most sense to keep species maps separate but to average 
across different home ranges and dispersal scales, unless you specifically want to present 
separate maps of connectivity at different scales). 

In this example, maps will average all
home ranges and dispersal scales
within a species (and HSI cut-off).

‘Image’ is for display-resolution bitmap.
‘CSV file’ is for 1000 pixel numeric map file.

‘Summary tables’ for formatted table.
‘Summary data file’ for graphable
format file.

Option for additional analysis with
30 degree rotation of hexagonal grid.

 
 

10. Run analysis.   

The final screen displays with a single “RUN” button.  The analysis starts when this 
button is pressed.  (The point of this being to allow the user to reposition the display screen if 
needed).   

The program then reads in the map file, which can take a while if it is large.  (Note: 
There is a progress bar, but it may not display reliably depending on how your computer 
allocates processing time to graphics versus file access).  Then for each combination of 
species, HSI cut-off, home range size and dispersal scale, the program:  

1) Processes the map (calculating HSI and DSI scores for each raster and averaging these into 
home ranges or dispersal hexagons),  

2) Runs the dispersal algortihm on all suitable home ranges,  

3) Summarizes the scores, and  

4) Plots maps. 
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If high-resolution .csv maps were a requested option, the program will export these at 
the appropriate times (i.e., after running through each set of factors that are to be averaged). 

Progress bars are shown for each of these steps, except again the progress bar for the 
export of high-resolution maps may function erratically depnding on processor priorities.   

� All maps show the lowest values in bright green through to the highest values in bright green.   

� Numerical results for the previous completed analysis are shown in the darker grey box. 

� This final screen will show  DONE  when all analyses of all maps are complete. 
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Appendix 2: Draft note for extension product, such as Forrex’s LINK, March 2007 

[We are still waiting for a response from Forrex about this note] 

DASHR – A Tool to Measure and Map Connectivity 
Connectivity is often included in lists of indicators for landscape planning and 

biodiversity monitoring.  It is a popular concept with planners, conservation biologists and the 
general public, because connectivity seems to capture part of that elusive goal of “ecological 
integrity”. 

There is a problem with using connectivity as an indicator: there is no easy way to 
measure it.  Without measurements, we cannot provide good answers to basic monitoring 
questions, like: Which planning option is better for connectivity?  How much better?  How does 
the management plan compare to natural conditions?  And, is connectivity improving or 
declining over time?  Operational planners also need to answer more detailed questions about 
their landbase: Which areas are best or worst connected?  Which areas act as ‘corridors’ to 
connect other areas?  And, how do these areas change over time under different planning 
options? 

To help answer these questions about connectivity, a program has been developed with 
Forest Sciences Program funding to index and map connectivity in landscapes.  It is called 
DASHR, for “Dispersal-Adjusted Suitable Home Ranges”.  The program uses map information 
for the landscape, and a set of “hypothetical species” with simple habitat suitability and 
dispersal models.  Hypothetical species represent groups of real species, such as old-forest 
associates or early-seral species, but without all the quirky natural history details of actual 
species.  The DASHR program maps suitable home ranges at a variety of scales (from small to 
large home ranges).  It then tracks the survival of dispersers from each home range and how 
many suitable new home ranges each disperser finds.  The dispersers’ survival depends on 
how suitable the best dispersal paths are in various directions.  The dispersers are adaptable 
enough to follow winding corridors, like riparian areas. 

The proportion of suitable home 
ranges in a landscape indicates the amount 
of suitable habitat.  The number of new 
suitable home ranges encountered by 
surviving dispersers indicates how 
connected that habitat is.  Multiplying the 
two values gives Dispersal-Adjusted 
Suitable Home Ranges, a combined index of 
amount and connectivity of habitat.  These 
indices can be used on current landscapes, 
or to compare different management 
scenarios projected over time by a 
landscape model. Comparisons can include 
natural benchmark scenarios if these are 
available. 

The DASHR program also produces 
maps of dispersal success from suitable 
home ranges, and the number of dispersers 

passing through each point on the landscape.  Separate maps can be produced for different 
hypothetical species, scales of home ranges and dispersal distances, or they can be averaged 
together in various ways.  These maps help identify “source” or “sink” areas that produce many 
or few successful dispersers, and corridors important to dispersers.  Planners can use this 
information – along with the many other values they are responsible for – to help guide detailed 
management plans. 
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 Connectivity is a many-faceted concept, and there are other ways of measuring 
connectivity that complement the DASHR approach.  Also, connectivity is only one landscape 
index, and others are more basic – seral stage distributions, edge/interior, or patch sizes.  Along 
with these landscape indices, a complete monitoring program also includes broader indicators 
of ecosystem representation, and finer indicators based on monitoring actual species. 
 
Captions for the figures: 
1. Average connectivity indices projected over time for 4 scenarios in CanFor’s TFL48: the 
preferred scenario in the Timber Supply Review, the 20 year plan, and two options for salvaging 
low or high severity Mountain Pine Beetle attacks. 
2. Examples of maps from DASHR, showing dispersal success from suitable home ranges (left), 
and the number of dispersers passing through each point in the landscape (right).  Green=high, 
red=low.  The landscape, block 4 of TFL48, is 284,000ha. 
 


