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Summary 

Canada is a party to the UN Convention on Biological Diversity, which identifies the 
conservation and restoration of biological diversity as a global priority. It is incumbent on 
the provinces and territories to track progress towards these goals. Alberta Environment 
and Parks developed a series of provincial indicators to estimate the status of 
biodiversity in the province. Interior habitat is one such indicator. 

Interior habitat is the proportion of area outside of anthropogenic disturbance (human 
footprints) and associated edge effects. It is calculated by applying buffers to the 
geographic boundaries of human footprints. A 200-m buffer from footprint edges is 
generally used, with two exceptions. Narrow linear footprint features (less than 20 m 
wide) are given reduced buffers due to their small width, and forest harvest areas are 
given reduced buffers to account for harvest area recovery over time. For narrow linear 
footprint features, reduced buffer width is calculated as a function of footprint width. For 
forest harvest areas, initial buffer width is reduced linearly to zero over time from 0 to 60 
years, and full recovery of the actual harvest area occurs at 80 years. The indicator can 
be applied at different scales, from the entire province to a local area where human 
footprint data are available.  

Indicator values were calculated for all Hydrological Unit Code 8 (HUC 8) watersheds in 
Alberta using 2010, 2014, 2016 and 2018 Human Footprint Inventories created and 
maintained by the Alberta Biodiversity Monitoring Institute. The dataset is available on 
GeoDiscover Alberta (Interior Habitat Indicator for Alberta). 
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1. Introduction 

Due to a global decline in biodiversity, the conservation and restoration of 
biodiversity is a priority (Secretariat of the Convention on Biological Diversity, 2020). 
The global decline in biodiversity is predominantly due to habitat loss, climate 
change, invasive species, unsustainable resource harvesting, and pollution 
(Millennium Ecosystem Assessment, 2005). Alberta Environment and Parks 
developed an “Interior Habitat” indicator to measure and track habitat loss from 
anthropogenic disturbance and habitat gain from recovery of temporary disturbance 
in the province. Anthropogenic disturbance typically replaces habitat with ‘human 
footprints’ for the purposes of settlement, agriculture, resource extraction and 
transportation. Replacing habitat with human footprints has been shown to harm 
biodiversity (Vitousek et al., 1997; Crooks and Soulé, 1999; Laurance and Cochrane, 
2001; Sanderson et al., 2002). The Interior Habitat indicator attempts to quantify one 
facet of biodiversity loss by capturing both the direct loss of habitat, and the 
additional impact of edge effects. 
 
The Interior Habitat indicator is designed to capture edge effects around human 
footprints (Franklin et al., 2002). An “edge” is the boundary, or interface, between two 
biological communities or between different landscape elements (B.C. Ministry of 
Forests, 1998). In this context, an edge effect due to human footprints occurs when 
the impact of human footprints extend beyond the footprint boundaries, influencing 
the ability of the surrounding area to provide suitable habitat (Lovejoy et al., 1986; 
Gascon et al., 2000; Laurance et al., 2002). Anthropogenic edge effects alter habitat 
in many ways. Microclimatic conditions are altered in edges through increased 
penetration of sunlight and wind (Didham and Lawton, 1999), along with increases in 
temperature (Cadenasso et al., 1997) and decreases in air and soil moisture 
(Franklin and Spies, 1991; Williams-Linera et al., 1998). Changes in microclimate, 
vegetation, predation, brood parasitism and competition along forest edges have 
resulted in population declines of species that depend on forest interior conditions 
(Strelke and Dickson, 1980; Wilcove, 1985; Noss, 1988; Robbins et al., 1989). 
Species will also avoid human footprints due to pollutants, pesticides, toxicants, 
invasive species, traffic, and noise (Dyer et al., 2001; Gelbard and Harrison, 2003; 
Desserud et al., 2010; Sliwinski and Koper, 2012). All these impacts fragment habitat 
and decrease biodiversity (Murcia, 1995; B.C. Ministry of Forests, 1998; Davis, 2004; 
Harper et al., 2005, 2007). 
 
The Interior Habitat indicator was intentionally kept simple, because though much 
research has been able to show the presence of edge effects, it remains difficult to 
understand their impacts on individual species (Ries et al., 2004). Edge effects are 
highly complex – they can be biotic or abiotic, direct or indirect, of various intensities, 
at different spatial and temporal scales, and along tapering gradients (Forman, 1995; 
Dyer et al., 2001; Davis, 2004; Harper et al., 2005; Sliwinski and Koper, 2012). 
Furthermore, the response patterns of organisms are highly variable, and 
determining edge response patterns at broader scales remains difficult (Kremsater 
and Bunnell, 1999; Sisk and Haddad, 2002; Battin and Sisk, 2003; Ries et al., 2004).  
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Edge influences can only be defined relative to a particular organism’s perception of 
the environment (Wiens, 1976), and ecological variables can respond negatively, 
positively, or neutrally to anthropogenic edges (Ries et al., 2004). Different factors 
have been considered in different studies on edge effects, such as footprint intensity 
(Theobald, 2010, 2013), edge orientation (Saunders et al., 1991; Chen et al., 1995; 
Murcia, 1995; B.C. Ministry of Forests, 1998), topography (Saunders et al., 1991; 
Chen et al., 1995), additive effects from multiple edges (Chen et al., 1995; Harper et 
al., 2005), and interactions among multiple edges (Ries et al., 2004; Porensky and 
Young, 2013). These factors may influence the strength of edge effects, but for the 
most part are poorly understood (Chen et al., 1995; Fernández et al., 2002). As Sisk 
(2007) pointed out, despite of more than 1000 studies published, our understanding 
of the mechanisms that cause edge effects is still incomplete. Both positive and 
negative edge effects have been reported in the literature (B.C. Ministry of Forests, 
1998), but edges are generally considered to have negative effects on biodiversity 
(Murcia, 1995). As such, a general indicator designed for all species was more 
appropriate than attempting to specify values for certain species. 
 
Edge effects are important in Alberta, where the mixture of industrial activities 
produces widespread, narrow linear footprints across the landscape (Huggard and 
Kremsater, 2015; Dabros et al., 2018; Alberta Biodiversity Monitoring Institute, 2020). 
In some instances, edge effects are more important than patch size and connectivity 
(Davis, 2004; Holroyd, 2008; Nielsen et al., 2009; Driscoll et al., 2013). Depending on 
spatial configuration of fragmentation, edge effects might be the dominant 
component of the landscape matrix (Harper et al., 2005).  
 
As a result of the importance of edge effects adjacent to human footprints have on 
biodiversity, the Interior Habitat indicator was developed. The indicator is calculated 
as the percentage of habitat outside human footprints and associated buffers. This 
metric is scalable, and applicable province wide. The remainder of the document will 
describe the intention, development, and calculation of the indicator, and discuss its 
limitations. 
 
2. Interior Habitat Indicator Development 

2.1 Indicator intent 
The intent of the Interior Habitat indicator is to measure and track the amount of 
habitat that lies outside the range of influence of human footprints. It captures edge 
effects adjacent to human footprints, not effects resulting from natural edges. The 
indicator can be calculated over time at the regional scale, and is scalable to sub-
regional and local scales. It reflects only a single predictor of biodiversity: the amount 
of habitat free from human footprint impact. The indicator is not intended to capture 
other aspects of landscape structure or habitat configuration, such as patch size, 
connectivity, or adequacy for a particular species. 
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The influence of human footprint varies for different species (Ries et al., 2004;  
Fletcher, et al., 2007). Different taxa such as birds, mammals and vegetation 
respond differently to varying types of landscape disturbances and habitat 
alterations. As discussed by Noss (1990), the health of indicator species has been 
used traditionally to monitor environmental health. However, this approach has 
encountered many conceptual and procedural problems. Landres et al. (1988) 
outlined some difficulties with this approach to assess overall habitat quality, and 
concluded that there is a low probability that a single species can serve as an index 
of habitat quality for other species. The Interior Habitat indicator serves as a general 
biodiversity indicator suitable for a broad range of organisms, i.e., not to capture 
interior habitat needs or edge effects for a single species or a specific taxa.  
 
2.2 The data 
The primary data supporting the Interior Habitat indicator are the Human Footprint 
Inventories (HFIs) created and maintained by the Alberta Biodiversity Monitoring 
Institute. At the provincial scale, HFI datasets are currently available for 2010, 2014, 
2015, 2016, 2017 and 2018, and work is ongoing to produce datasets beyond 2018. 
Details on the production of the datasets can be found online (Human Footprint 
Inventory).  

The Alberta Biodiversity Monitoring Institute defines human footprint as the visible 
alteration or conversion of native ecosystems to temporary or permanent residential, 
recreational, agricultural, or industrial landscapes (Alberta Biodiversity Monitoring 
Institute, 2020). Under this definition, human footprint includes areas under human 
use that have lost their natural cover for extended periods of time (e.g., cities, roads, 
agricultural land, and surface mines). It also includes land that is periodically reset to 
earlier successional conditions by industrial activities such as forest harvesting 
(Alberta Biodiversity Monitoring Institute, 2020). 

2.3 Interior habitat edge effects 
Different approaches have been used to quantify depths of edge effects. Edge 
effects may be better represented ecologically with a gradient (e.g., through a 
continuous distance decay function), where the largest effect occurs near the edge of 
a footprint, and effects decrease as distance from the disturbance increases (Sisk, 
2007). While representation of complexity may be intuitively desirable and could 
better approximate the ecological effects of edges at local sites or for a single 
species or a specific taxa, increasing the complexity of an indicator metric at the 
regional level and for all species combined does not improve the metric’s ability to 
elucidate environmental condition, track changes in environmental condition over 
time, and inform management. A simple indicator is often less intensive in data 
requirement, easier to communicate to a broader public, and more likely to ensure 
understanding between different stakeholders in a policy-making process. 
  
Ideally, an indicator metric should be sufficiently sensitive to land use changes to 
provide an early warning of change, while being easy and cost effective to measure 
and calculate. In the absence of a complete understanding of the complexity and 
variability in edge effects, quantifying edge effects might be best tackled through 
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traditional approaches such as buffers (Fischer and Lindenmayer, 2007). A metric 
based on fixed buffers provides a feasible indicator with methods that are easy to 
implement and communicate, while still meeting the indicator intent. Thus, a fixed-
width buffer approach was adopted for calculating the Interior Habitat indicator. 
 
Fixed-width buffers, also known as depths of edge influence (Chen et al., 1992; 
Euskirchen et al., 2001), are applied to human footprint features to represent edge 
effects. To define a proper buffer width, the distance that edge effects extend into 
habitat patches had to be quantified. This distance is critical for determining the scale 
at which edge responses operate in larger landscapes (Laurance, 2000; Ries et al., 
2004). Where data are limited at larger scales, distance from a human footprint 
feature can be used as a proxy to identify areas of native cover not influenced by 
edge effects and having sufficient habitat quality to support the ecological structure 
and functioning of interior habitats (Forman, 1995; Sisk and Haddad, 2002; Ernst, 
2014; Wang et al., 2014). 
 
Determination of a suitable buffer width depends on many factors such as the types 
of edges created and the taxa or other attributes that need interior habitat. Species 
responses at edges are highly variable, making it difficult to identify general patterns 
(Murcia, 1995; Ries et al., 2004). A large variation on depth of edge effects has been 
reported in the literature for different species or taxa, from a few meters to several 
kilometers (Laurance, 2000; Laurance et al., 2002; Ries et al., 2004; Fortin et al., 
2013; Huggard and Kremsater, 2015), although most studies are not designed to 
capture effects at larger spatial scales (Laurance, 2000). A literature review 
(Kremsater and Huggard, 2015) revealed a wide range of edge effects for a number 
of taxa and processes. Both positive and negative effects were documented; and in 
some case studies, no edge effect was detected.  
 
For an indicator to be sensitive to landscape changes across a broad range of 
human footprint geometries, buffer widths (edge distances) should be intermediate 
between the extremes of too narrow and too wide. A wide buffer is more sensitive to 
footprint expansion, i.e., sensitive to new footprints in areas with little human 
footprint, while a narrow buffer is more sensitive to footprint intensification, i.e., 
sensitive to new footprints in areas with a lot of footprint. Very small buffer widths 
would ultimately reflect little more than the amount of human footprints in a region, 
while very large buffer widths would lead to very low amounts of interior habitat, so 
that any additional human footprint would have no effect on the indicator (Huggard 
and Kremsater, 2015). To maintain a sufficient amount of high-quality habitat, it is 
essential to track new human footprints in areas with little or no footprint, compared 
to tracking footprints in heavily disturbed areas with a lot of existing footprints.  
 
The Interior Habitat metric is designed to be more sensitive to human footprint 
expansion rather than footprint intensification. In a heavily disturbed area, the habitat 
quality may not be high, and a wider buffer is less sensitive to additional footprints 
(footprint intensification). On the other hand, the metric is more sensitive to new 
footprints in less disturbed areas, which may allow the indicator to be more 
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responsive to changes in high quality habitat. Indicator condition will decline with the 
addition of new footprint (aside from new footprint that falls wholly within a buffer).  

Smaller single buffers (e.g., 50 m) do not adequately capture the extent of effects on 
large vertebrates, many of which are of cultural interest. A larger buffer is aligned 
with interests expressed by the Athabasca Region First Nations to better account for 
sensory disturbances associated with human footprints (Athabasca Region First 
Nations, 2018).  
 
The Interior Habitat indicator does not define a minimum patch size because it would 
be a highly subjective decision and would add unnecessary complexity. Smaller 
buffers produce more slivers (small patch areas) between footprints, which are 
unlikely to represent true ecological interior habitat. Slivers are very small fractions of 
the landscape, and keeping them in the calculation of the indicator reduces its 
communicability. A larger buffer reduces the number ‘slivers’ and is more relevant 
from an ecological perspective.  
 
Thus, a single 200-m buffer was proposed by the Biodiversity Management 
Framework Science Technical Committee for calculating the Interior Habitat 
indicator. This metric considers habitat needs for a wide range of species, which 
would be applicable to a diverse range of landscape or land covers across the 
province. It is not intended to capture the most extreme edge effects. 

Despite significant differences in land cover and footprint intensity, this metric will be 
applied consistently across the province. A single metric reduces potentially arbitrary 
decision points inherent when different approaches are available (e.g., applying 
different metrics for the Green Area and White Area of Alberta, or for forested and 
non-forested areas); many of these decision points have significant gaps in terms of 
research to support a decision. It is also simpler to communicate and more practical 
and cost effective to monitor over time.  
 
2.4 Recovery of forest harvest areas 
For temporary human footprints such as forest harvest areas, edge effects diminish 
as harvest areas recover over time (B.C. Ministry of Forests, 1998). As a result, 
buffer width should be reduced over time for these temporary footprints, which are 
eventually removed as footprints (Huggard and Kremsater, 2015).  
 
Currently, forest harvest areas are the only type of temporary footprint that is allowed 
to recover in the calculation of Interior Habitat indicator conditions. In a harvest area, 
it is expected that as trees grow taller, the effective distance for edge effects 
becomes smaller, and buffer width is reduced as the harvest area regenerates 
(Huggard and Kremsater, 2015). In addition, recovery only applies to clearcut areas 
as we do not have data to support buffer reduction for partially harvested areas. 
Franklin et al. (2019) investigated the influence of different retention levels of partial 
harvest on post-harvest stand use by wildlife, but found highly variable results: stand 
use increased with increasing retention levels for six species, decreased for two 
species, and remained stable for five species. 
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The recovery approach for forest harvest areas has two components: the buffer 
around a harvest area that captures the edge effects, and the harvest area itself. 
Initial buffer width is reduced linearly to zero over time from 0 to 60 years, and full 
recovery of the actual harvest area occurs at 80 years. Post-harvest stand age is 
used as a surrogate for relative tree height. As trees grow in a harvest area, the 
expected edge effects outside the harvest area decrease, until trees in the harvest 
area reach the same heights as those in the adjacent area. Harvest areas and the 
buffers are treated separately because it takes longer for ecological complexity to 
recover than tree height. The approach for recovery of buffers is aligned with the 
Alberta Forest Management Planning Standard (Alberta Sustainable Resource 
Development, 2006) and guidance for non-timber assessment for interior forest 
(Fraser, 2017). The use of binary recovery for forest harvest areas at 80 years 
represents the shift from immature to mature forests (Song, 2002). 
 
For other types of temporary footprints, there is currently not sufficient research to 
allow for footprint recovery to be incorporated in the calculation of Interior Habitat 
indicator conditions. For example, Bayne et al. (2011) demonstrated that although 
seismic line age can be used to predict vegetation recovery on seismic lines, such 
models were not very accurate. Other alternatives were proposed, but as pointed out 
by Bayne et al. (2011), no one value is “right” for defining a seismic line as 
recovered. In addition, most seismic lines have limited recovery, even after 35 (Lee 
and Boutin, 2006) and 50 (van Rensen et al., 2015) years. 
 
2.5 Reduced buffers for narrow linear footprints 
Linear features such as roads, pipelines and seismic lines are a prominent type of 
human footprint in Alberta. They have been shown to have a wide range of effects 
including influencing wildlife movement rates and directions, facilitating dispersal, 
contributing to range expansion, and changing prey-predator dynamics (DeMars et 
al., 2020). Some studies (Stern et al., 2018; Franklin et al., 2021) have reported 
lessened edge effects around narrow linear disturbances. The reduced edge effects 
for narrow linear footprints are supported by physical mechanisms such as wind and 
light penetration into adjacent forests (Huggard and Kremsater, 2015). 
 
Narrow linear footprints are defined as those less than 20-m wide (Huggard and 
Kremsater, 2015), and generally include seismic lines (conventional/pre-low impact 
[6 m] and low impact [3 m] seismic lines), truck trails [6 m] and recreational trails that 
are detected in the HFIs (typically motorized ATV trails). These features typically do 
not incorporate surface construction (e.g., construction of subgrade bed, gravel fill) 
and are expected to have reduced edge effects. One lane gravel roads and truck 
trails are likely to be assigned reduced buffers. Engineered surfaces, on the other 
hand, are expected to have greater edge effects than seismic lines, recreational trails 
and truck trails, and would not receive reduced buffers. The majority of engineered 
road features, when including the verge, are wider than 20 m.  
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The width of a footprint feature is used as a proxy for identifying footprint features in 
the HFIs that are likely to have less impact. The 20-m threshold is based on a rough 
estimate of average tree height for the boreal forests, including younger stands. 
Reduced buffer width (RBW) for a narrow linear footprint is calculated as a function 
of the full buffer width (200 m) and footprint width (FW) (Huggard and Kremsater, 
2015): 

RBW 200 0.25 0.75 FW/20     (1) 

Equation (1) discounts the full buffer width by a factor that decreases from 1 when 
FW = 20 m to 0.25 when FW = 0 m, and sets a minimum buffer width of 50 m, a 
quarter of the full buffer width. The constant of 0.25 is to recognize edge effects from 
mechanisms like access, snag-falling or hydrological disruption that may not be 
reduced in narrow features.  
 
Table 1 shows the buffer widths for different linear footprint widths. For example, the 
buffer width is 125 m for a 10-m wide footprint feature.  
 

Table 1. Buffers widths for different linear footprint widths. 
Linear footprint width (m) Buffer Width (m) 

5 87.5 
10 125 
15 162.5 
≥ 20 200 

 
3. Interior Habitat Indicator Condition 

3.1 Reference state 
The Interior Habitat indicator metric is expressed as a percentage of reference state. 
Reference state reflects the absence of human footprint, generally corresponding to 
a historical period prior to European settlement and extensive agricultural 
conversion. Identifying a reference state provides context to aid interpretation of the 
indicator condition, and is not intended to indicate a desire to return to a landscape 
without human footprint. It is recognized that Indigenous peoples actively managed 
landscapes prior to European settlement. However, for the purpose of this indicator, 
the reference state is a static layer and does not reflect the range of conditions which 
may have existed prior to European settlement.  
 
For the Interior Habitat indicator, reference state is the total area of interest. The 
Interior Habitat indicator value is simply the ratio of the area of interior habitat over 
the total area of interest. As the indicator is focused on anthropogenic edges, in the 
absence of human footprint the entire area would be considered interior habitat. 
 
4. Results and Discussion 

Interior habitat is an important aspect of habitat quality, and long-term monitoring of 
interior habitat has been identified by Alberta Environment and Parks as one of the 
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key components for ensuring the maintenance of biodiversity and healthy, 
functioning ecosystems.  
 
To monitor changes in interior habitat conditions over time, Interior Habitat indicator 
values were calculated for all Hydrological Unit Code 8 (HUC 8) watersheds in 
Alberta (Alberta Environment and Parks, 2021). The main input data used were the 
Human Footprint Inventories created and maintained by the Alberta Biodiversity 
Monitoring Institute (Human Footprint Inventory).  

   

   
 
Figure 1. Interior Habitat indicator values (%) in 2010 (a), 2014 (b), 2016 (c) and 
2018 (d) for all HUC 8 watersheds in Alberta. 
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Figure 2. Percent decreases in Interior Habitat indicator values from 2010 to 2018 for 
all HUC 8 watersheds in Alberta.  
 
Figure 1 shows the Interior Habitat indicator values in 2010, 2014, 2016 and 2018 for 
all HUC 8 watersheds; and Figure 2 shows changes (mostly declines) in indicator 
values from 2010 to 2018. Comprehensive human footprint and remote sensed data 
are available in Alberta since 2010, and 2010 is chosen as the benchmark year for 
comparison. Across all HUC 8 watersheds, indicator values ranged from 0.06% to 
100% for all four time steps, with provincial average values of 41.6%, 40.6%, 40.1% 
and 39.6%, respectively, for 2010, 2014, 2016 and 2018. From 2010 to 2018, 2% 
decline in the average indicator values was observed, from 41.6% to 39.6%. 
 
Overall, abundant interior habitat was available in the northeast corner of the 
province and the Rocky Mountains for all four time steps, as indicated by high 
indicator values. On the other hand, interior habitat was far less abundant in more 
developed areas such as the southern part of the province (Figure 1). For most 
watersheds, there was a decline in indicator conditions from 2010 to 2018, with most 
declines being less than 4% (Figure 2). For one watershed (Owl Creek), indicator 
condition declined 18.33% over the 8 year period, from 72.45% to 54.12%. Indicator 
conditions improved slightly (within 1%) for 14 watersheds over the 8-year period (IH 
decline (%) < 0 in Figure 2). 
 
5. Limitations and Future Improvement 

The Interior Habitat indicator is intended to serve as a general indicator at the 
regional and sub-regional levels. As such, we acknowledge and accept limitations 
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associated with the available data, and the assumptions and simplifications made 
while developing the indicator metric.  
 
A single biodiversity indicator can’t measure all aspects of habitat quantity and 
quality. The Interior Habitat indicator has limitations in the ecological complexity it 
represents at the regional and sub-regional scales. For example, it does not directly 
measure habitat quality or habitat condition; rather, lack of human footprint is used as 
a proxy for habitat quality. The indicator also does not capture the most extreme 
edge effects such as effects on caribou that can extend into native habitat for 
thousands of meters from a disturbance.  
 
The Interior Habitat indicator does not represent differences in edge effects that may 
result from different types of edges. Scientific information to support the selection of 
different buffers for different footprint types is inadequate. At regional and sub-
regional scales, separation of edge effects by different footprint types is neither 
realistic due to lack of data nor desirable for implementation of the indicator. 
Similarly, due to lack of empirical support and for practical reasons, the Interior 
Habitat indicator does not differentiate factors such as edge orientation, intensity of 
human footprint features, overlapping edges and additive edge effects. These factors 
are out of scope for the indicator and are limitations that we accept. 
 
Boundary effects caused by footprints right on the border but outside of the study 
area are also not addressed. In addition, the indicator metric is limited by the 
resolution, accuracy and frequency of updates to the HFI layers provided by the 
Alberta Biodiversity Monitoring Institute. 
 
The Interior Habitat indicator method and associated indicator metric are based on 
the best science and data currently available, while considering other factors for their 
development and application. The final method and indicator metric were selected to 
provide a consistent approach across the province, to ease the implementation by 
reducing data collection efforts and minimizing arbitrary decisions associated with 
complex metrics, to enable effective communication and interpretation of the 
indicator for the public, and to be responsive to feedback received from Indigenous 
communities.  
 
Currently, clearcut harvest areas are the only type of temporary footprint that is 
allowed to recover in the calculation of the indicator metric. Other types of footprints 
are considered permanent once they are on the landscape. The indicator metric 
could be improved as advances in science and better and additional data become 
available. Potential future improvements include incorporating recovery for other 
human footprint types, refining the recovery curve for forest harvest areas, and/or 
adjusting methods for narrow linear footprint buffer reduction.  
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