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Glossary

Aboriginal Treaties: The Government of Canada and

the courts understand treaties between the Crown and
Aboriginal people to be solemn agreements that set

out promises, obligations and benefits for both parties.
Starting in 1701, in what was to eventually become
Canada, the British Crown entered into solemn treaties to
encourage peaceful relations between Aboriginal and non-
Aboriginal people. Over the next several centuries, treaties
were signed to define, among other things, the respective
rights of Aboriginal people and governments to use and
enjoy lands that Aboriginal people traditionally occupied.
Treaties include historic treaties made between 1701 and
1923 and modern-day treaties known as comprehensive
land claim settlements. Treaty rights already in existence in
1982 (the year the Constitution Act was passed), and those
that arose afterwards, are recognized and affirmed by
Canada’s Constitution.!

Anthropogenic changes/disturbances: All changes or
disturbances caused by humans, including (but not limited
to): clearcut logging, salvage logging in burned areas, road
building, reservoir construction, agricultural clearing, and
petroleum and natural gas exploration and development.
Biome: A major ecological community of organisms
adapted to a particular climatic or environmental
condition on a large geographic area in which they occur.?

Bitumen (tat/oil) sands: Bitumen is a tar-like mixture
of petroleum hydrocarbons with a density greater than
960 kg/m? light crude oil, by compatison, has a density as
low as 793 kg/m’. Bitumen will not flow unless heated or
diluted with lighter hydrocarbons. At room temperature,
it is much like cold molasses; it is substantially heavier
than other crude oils. Compared to conventional crude
oil, bitumen requires upgrading before it can be refined. It
also requires dilution with lighter hydrocarbons to make

it transportable by pipeline. Bitumen makes up about 10-
12% the bitumen sands found in Alberta and is contained
in three major areas beneath 140,200 km? of north-eastern
Alberta - an area larger than the state of Florida. The

1 Canada Indian and Northern Affairs. 2000. Treaties With Aboriginal
People in Canada. March 2000. Available at: http://www.ainc-inac.
gc.ca/pt/info/is30_e.html (25/09/2008)

2 Biology Online: http://www.biology-online.org/dictionary/Biome
(25/09/2008)

remainder of bitumen (tar/oil) sands is 80-85% mineral
matter - including sand and clays - and 4-6% water. While
conventional crude oil flows naturally or is pumped from
the ground, bitumen sands must be mined or recovered
in situ - meaning “in place.” Recovery processes include
extraction and separation systems to remove the bitumen
from sand and water.” The deposits are called “tar sands”
everywhere except in Canada, where the cleaner-sounding
“oil sands” epithet was recently introduced.

Bituminous sands administrative area (Oil Sands
Administrative Area): With the objectives of facilitating
orderly leasing and stable regulations, the ERCB has
deemed the hydrocarbon substance, with the exception
of natural gas and coal, found in certain geological zones
from the top of the Mannville formation through to the
base of the Woodbend formation in the Athabasca, Cold
Lake, and Peace River areas to be oil sands.*

Bituminous sands deposits area (Oil Sands Deposits
Area): The geographic area where bitumen deposits are
considered economically recoverable using present or neat-
future technology.

Bituminous Sands Surface Mineable Area (Oil Sands
Surface Mineable Area): The Alberta Government
defined a geographic boundary for the surface mineable
area to clarify what rights are controlled by the oil sands
agreement holder versus the metallic and industrial
minerals agreement holders, in particular at the lower
contact of the oil sands. Intrusive rocks are not part of the
rights granted with an oil sands agreement.® The Surface

3 Alberta Government (ministry of Energy). 2008. What is oil
sands? Available at: http://www.energy.gov.ab.ca/OilSands/793.asp
(21/10/2008)

4 Energy Resources Conservation Board. Declaration of oil sands
areas to facilitate orderly leasing and stable regulation. Informational
Letter IL 84-7. Available at: http://www.cnergy.alberta.ca/
OilSands/805.asp

5 Canada’s Oilsands. 2008. Canada Centre for Energy Information.
Available at: http://www.centreforenergy.com/Shopping/uploads/166.
pdf (14/12/2008).

6 Alberta Government (Energy). 1998. Mineral Rights Information
Bulletin 98-2. Subject: Oil. Available at: http://www.energy.alberta.
ca/Tenure/pdfs/IBMR_1998-02.pdf (14/12/2008). A map showing
the Bituminous sands Sutface Mineable Atrea is also available at: http://
www.energy.alberta.ca/LandAccess/pdfs/OilSands_Projects.pdf



Mineable Area (SMA) is defined as that part of the deposit
where the total overburden and top reject generally do not
exceed 75 metres and is therefore considered economic to
develop by surface mining techniques.’

Bottom-hole oil/gas well: A well drilled at an angle from
the vertical by using a slanted drilling rig or by deflecting
the drill bit results in a bottom-hole end-point location
that is not aligned with the surface wellsite site location;
directional wells are used to drill multiple wells from a
common drilling pad or to reach a subsurface location
beneath land whete drilling cannot be done.”

Clearcut: An area of forest land from which all merch-
antable trees have recently been harvested.’

Coalbed methane: Natural gas generated and trapped in
coal seams.'’

Coalfield: “an area in which coal deposits of possible
economic value occur in relatively close proximity. May
be synonymous with a single coal deposit of possible

economic value.”!"

Conventional oil and gas: Conventional oil (and presum-
ably gas) is found in liquid form, flowing naturally or
capable of being pumped without further processing or
dilution.'

Cumulative Industrial Access: The combined impact, of
all industrial uses visible on Landsat TM and ETM satellite
images and in other available and applicable datasets.
These industrial disturbances include, but are not limited
to, roads, mines, clearcuts, wellsites, pipelines, transmission
lines, and agricultural clearings.

Deforestation: A non-temporary change of land use from
forest to other land use or depletion of forest crown cover
to less than 10%. Clearcuts (even with stump removal), if

7 Alberta Sustainable Resource Development. 2002. Fort McMurray-
Athabasca Oil Sands Subregional Integrated Resource Plan. Available at:
http://std.alberta.ca/fieldoffices/waterways/pdf/2002_Amended_IRP.
pdf (17/03/2009).

8 See Directional (deviated) well -- Canadian Association of Petroleum
Producers. Glossary. Available at: http://www.capp.ca/default.asp?V_
DOC_ID=733 (21/10/2008).

9 Natural Resources Canada. Canadian Forest Service Silvicultural
Terms in Canada. 1995. Available at: http://nfdp.ccfm.org/silviterm/
silvi_e/silvitermintroe.htm (17/10.2008).

10 Canadian Association of Petroleum Producers. Glossary. Available
at: http:/ /www.capp.ca/default.asp?V_DOC_ID=733 (21/10/2008).

11 Smith GG. 1989. Coal Resources of Canada, Geological Survey of
Canada, Paper 89-4.

12 Canadian Association of Petroleum Producers. Glossary. Available
at: http:/ /www.capp.ca/default.asp?V_DOC_ID=733 (21/10/2008).

shortly followed by reforestation for forestry purposes, are
not considered deforestation."”

Disturbance: Any moderately isolated event in time

that disrupts the structure of a population, community

or ecosystem, and which modifies the availability of the
resources in the substrate or in the physical environment.
In many types of naturally-functioning intact forest
landscapes, disturbances such as fires, pests and diseases
are spontaneous events that shape the landscape. Human,
or anthropogenic, disturbances, such as the fragmentation
of landscapes and ecosystems by roads and land use, differ
ecologically from natural disturbances.™

Ecological Zone of Influence: The distance from an
anthropogenic activity or disturbance within which there
are ecological effects resulting from the anthropogenic
activity or disturbance.”

Focal Species: The species identified as being most
sensitive to a threat in the landscape is termed the “focal”
species. For example, the most area-limited species is used
to define the minimum areas required for various habitat
patches, and the most dispersal-limited species defines

the configuration of patches and the characteristics of
connecting vegetation. It is assumed that because the
most demanding species are selected, a landscape designed
and managed to meet their needs will encompass the
requirements of all other species similarly threatened. '¢

13 FAO - RAP. 2004. RAP Publication 2000/07. Asia-Pacific Forestry
Commission: development of national-level criteria and indicators

for the sustainable management of dry forests of Asia: workshop
report. (Annex 6: Definitions and basic principles of sustainable forest
management in relation to critetia and indicators.) Available at: http://
www.fao.org/documents/show_cdr.asprurl_file=/docrep/003/x6896¢/
x6896e0e.htm (31/01/06).

14 Haeussler S, Kneeshaw D. 2003. Comparing forest management to
natural processes. In Burton PJ, Messier C, Smith DW, Adamowicz WL,
eds. Towards sustainable management of the boreal forest. Ottawa,
ON: National Research Council Research Press. Pp. 307-368.

15 For a review of general fragmentation literature that refers to a
“zone of influence” see: (1) UNEP. 2001. Nellemann C, Kullerud L,
Vistnes I, Forbes BC, Husby E, Kofinas GP, Kaltenborn BP, Rouaud J,
Magomedova M, Bobiwash R, Lambrechts C, Schei PJ, Tveitdal S, Gron
O and Larsen TS. GLOBIO. Global methodology for mapping human
impacts on the biosphere. NEP/DEWA/TR.01-3. Available at: http://
www.globio.info/region/polatr/#arctic (08/09/2008); (2) Andrews

A. 1990. Fragmentation of habitat by roads and utility corridors: a
review. Australian Zoologist 26: 130-141. (3) Forman RTT, Alexander
LE. 1998. Roads and their major ecological effects. Annual Review of
Ecology and Systematics 29: 207-231. (4) Trombulak SC, Frissell CA.
2000. Review of ecological effects of roads on terrestrial and aquatic
communities. Conservation Biology 14: 18-30. (5) Cizek P, Montgomery
S. 2005. Cumulative Effects Modeling of the Mackenzie Gas Project

— Scoping and Development. Canadian Arctic Resources Committee. 27
pp. Available online at: http://www.carc.org/ (08/09/2008).

16 Lambeck R]J. 1997. Focal Species: A Multi-Species Umbrella for
Nature Conservation Author(s): Source: Conservation Biology 11(4):
849-856.



Forest: Forest is a minimum area of land of 0.05-1.0
hectares with tree crown cover (or equivalent stocking
level) of more than 10-30 per cent with trees with the
potential to reach a minimum height of 2-5 metres at
maturity i situ. A forest may consist either of closed
forest formations where trees of various storeys and
undergrowth cover a high proportion of the ground or
open forest. Young natural stands and all plantations
which have yet to reach a crown density of 10-30 per cent
or tree height of 2-5 metres are considered to be forest, as
are areas normally forming part of the forest area which
are temporarily unstocked as a result of human
intervention such as harvesting or natural causes but which
are expected to revert to forest."”

Forest Ecozones: Forest Ecozones: Canada has a defined
hierarchical classification of ecosystems. At a simple level
there are 20 ecozones: fifteen terrestrial and five marine.
An ecozone is an area of the earth’s surface that represents
a large ecological zone and has characteristic landforms
and climate. Each ecozone is distinguished from others by
its unique mosaic of plants, wildlife, climate, landforms,
and human activities. Ecozones are useful for general
national reporting and for placing Canada’s ecosystem
diversity in a North American or global context.'® Of the
20 ecozones, there are 11 that are generally considered
forest ecozones based a minimum of 15% tree cover."”

Forest Landscape: A contiguous mosaic of ecosystems
within Canada’s forested ecozones. A forest landscape
may contain naturally treeless areas (see Intact Forest
Landscape).

Forest Landscape Fragment: A remnant of an intact

forest landscape.®” It is a contiguous mosaic of a naturally

occurring ecosystem, including forest, bog, water, tundra,
and rock outcrops, that is within a forest ecozone, and that
is essentially undisturbed by significant human influence.
A forest landscape fragment is different from an “intact

17 United Nations Framework Convention on Climate Change.
2001. FCCC/CP/2001/13/Add.1 (Annex — Definitions). Available
at: http://unfccc.int/files/meetings/workshops/other_meetings/
application/pdf/11cp7.pdf (08/09/2008).

18 (1) Natural Resources Canada. 2004. Atlas of Canada — Terrestrial
Ecozones. Available online at: http://atlas.gc.ca/site/english/maps/
environment/ecology/framework/tetrestrialecozones (25/06/2008).
(2) Terrestrial Ecozones of Canada. As defined and mapped by
Agticulture and Agri-Food Canada. 2003. Available online at: http://sis.
agr.gc.ca/cansis/nsdb/ecostrat/gis_data.html (25/06/2008).

19 Natural Resources Canada. 2000. The State of Canada’s Forests
1999-2000. Available at: http://bookstore.cfs.nrcan.ge.ca/detail
e.php?recid=44506 (02/24/2009)

20 Lee P, Aksenov D, Laestadius I, Nogueron R, Smith W. 2003.
Canada’s Large Intact Forest Landscapes. Edmonton AB: Global

Forest Watch Canada. 85 pp. Available online at: http://www.
globalforestwatch.ca (08/09/2008).

forest landscape” in that it alone may not be large enough
to support viable populations of most native species
associated with the ecosystem and may not necessarily be
large enough to be resilient to edge effects or to survive
most natural disturbance events; a forest landscape
fragment may be of any size.

For the purposes of this Global Forest Watch Canada
atlas, forest landscape fragments are greater than 5,000
hectares.

Forest Management Agreement (FMA): An FMA is

an area-based tenure agreement between a forest company
and the landowner (Government of Alberta), and provides
the forest company with the right to grow, harvest and
remove timber. Area-based tenures give a company rights
and obligations within a specified land area.

Forest Management Unit (FMU): A clearly demarcated
area of land covered predominantly by forests, managed
to a set of objectives that includes timber harvesting. A
forest management unit may cover several hundred square
kilometres. Under the broad objectives to which the entire
management unit is subjected, sub-units may be managed
under different and separate management regimes.*

Fragmentation: The breaking up of a habitat, ecosystem
or landscape into smaller, disconnected pieces. Although
natural disturbances fragment the landscape, human
activities are also agents of fragmentation. Examples of
anthropogenic fragmentation include roads, cleared lands,
urbanization and other human developments.?

Heavy crude oil: Oil with a gravity below 28 degrees
APL> Includes some oil that will flow, however slowly, but
most heavy oil requires heat or dilution to flow to a well or
through a pipeline.

21 FAO - RAP. 2004. RAP Publication 2000/07. Asia-Pacific Forestry
Commission: development of national-level criteria and indicators

for the sustainable management of dry forests of Asia: workshop
report (Annex 6: Definitions and basic principles of sustainable forest
management in relation to criteria and indicators). Available at: http://
www.fao.org/documents/show_cdr.asprurl_file=/docrep/003/x6896¢/
x6896e0e.htm (08/09/2008).

22 (1) Cornell Laboratory of Ornithology. What is Forest
Fragmentation and Why is it Important? Available online at:
http://bitds.cornell.edu/bfl/gen_instructions/fragmentation.html
(25/06/2008). (2) Saundets D, R] Hobbs, and CR Margules. 1991.
Biological consequences of ecosystem fragmentation: a review.
Conservation Biology, 5(1): 18-32. (3) Harrison S and E Bruna. 1999.
Habitat fragmentation and large-scale conservation: What do we know
for sure? Ecography 22: 225-232.

23 Canadian Association of Petroleum Producers. Glossaty. Available
at: http://www.capp.ca/default.asp?V_DOC_ID=733 (21/10/2008).



Hydrocarbon: An organic compound (as acetylene or
butane) containing only carbon and hydrogen and often
occurring in petroleum, natural gas, coal, and bitumens.*

In-situ bitumen: In its original place/in position; in-situ
recovery refers to various methods used to recover deeply
buried bitumen deposits, including steam injection, solvent
injection and firefloods.

Indian Reserve: An Indian Reserve is specified by the
Indian Act as a “tract of land, the legal title to which

is vested in Her Majesty, that has been set apart by Her
Majesty for the use and benefit of a band.” The Indian
Act gives the Minister of Indian Affairs the right to
“determine whether any purpose for which lands in a
reserve are used is for the use and benefit of the band.”
Title to land within the reserve may only be transferred to
the band or to individual band members.*

Indicator: Indicators are statistics or parameters that,
tracked over time, provide information on trends in

the condition of a phenomenon and have significance
extending beyond that associated with the properties

of the statistics themselves. Environmental indicators are
selected key statistics which represent or summarize

a significant aspect of the state of the environment,
natural resource sustainability and related human
activities. They focus on #rends in environmental changes,
the stresses causing them, how the ecosystem and its
components are responding to these changes, and
societal responses to prevent, reduce or ameliorate these
stresses. Environmental indicators are important tools for
translating and delivering concise, scientifically credible
information in a manner that can be readily understood
and used by decision-makers at all levels of society.”

Intact Forest Landscape: A contiguous mosaic of
naturally occurring ecosystems in a forest ecozone,
essentially undisturbed by significant human influence. An
intact forest landscape does not necessarily consist of old-
growth trees and may not even be entirely forested. Intact
forest landscapes consist of a mosaic of natural

24 Merrriam-Webster Online Dictionary. Available at: http://www.
merriam-webster.com/dictionary/hydrocarbon (9/12/2008).

25 Canadian Association of Petroleum Producers. Glossaty. Available
at: http:/ /www.capp.ca/default.asp?V_DOC_ID=733 (21/10/2008).

26 Canada Department of Justice. Indian Act (R.S., 1985, c. I-5).
Available at: http://laws.justice.gc.ca/en/ShowFullDoc/cs/1-
5//20080910/ en?command=searchadvanced&caller=AD&fragment=
R.S.,%201985,%20¢.%201-5&search_type=bool&day=10&month=9&y
ear=2008&search_domain=cs&showall=L&statuteyear=all&lengthann
ual=50&length=>50

27 Environment Canada. What are environmental indicators and
why are they important? Available at: http://www.ec.ge.ca/soet-ree/
English/Indicators/what/default.cfm#what

ecosystems including forest, bog, water, tundra, and rock
outcrops.

In some cases, such as the bog-dominated landscapes of
Canada’s taiga ecozones and the mountainous landscapes
of western Canada, only 20-30% of the total area may
consist of trees.® An intact forest landscape has the
following characteristics:

* It is free from substantial anthropogenic fragmentation
(such as settlements, roads, clearcuts, pipelines, power
lines, mines, etc.);

e It is free from substantial human influence for periods
that ensure that it is formed by naturally occurring
ecological processes (including fires, wind, and pests);

* It contains only naturally seeded indigenous plant
species and supports viable populations of most native
species associated with the ecosystem;

* It is large enough to be resilient to edge effects and to
survive most natural disturbance events.

Large Intact Forest Landscape: An area of intact forest
landscape (see above definition) that has the following size
criteria:

* A minimum area of 50,000 hectares;

* A minimum internal width of 10 kilometres (i.e., the
diameter of the smallest circle that can be placed inside
the contours of an area); and

* A minimum 2-kilometre width of protrusions along an
intact boundary.”

Logging concessions (volume-based, area-based):*
Simply defined, logging concessions (or commercial forest
tenures) are the agreements whereby the Crown, usually
at a provincial level, has transferred the rights to harvest
timber in public forests to commercial forest companies
under certain conditions while retaining the underlying title

28 Lee P, Akesenov D, Laestadius I, Noguerén R, Smith W. 2003.
Canada’s large intact forest landscapes. Edmonton, Alberta: Global
Forest Watch Canada. 84 pp. Available online at: http://www.
globalforestwatch.ca (08/09/2008).

29 Ibid.
30 See “Commercial Forest Tenures” in: Lee P, Stanojevic Z, Gysbers
JD. 2004. Canada’s Commercial Forest Tenures, 2003: Background and

Summary Report. Edmonton, Alberta: Global Forest Watch Canada. 59
pp. Available online at: http://www.globalforestwatch.ca (08/09/2008).
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to the land.” Commercial forest tenures usually specify the
volume of timber that may be harvested, the period oftime
for which the tenure is valid, and the area from which the
timber may be harvested.” Two primary forms of tenure
are in place: area-based and volume-based:

* Area-based tenures form the basis for long-term
tenure agreements with industrial tenure holders.
These tenures mostly, although not exclusively, deal
with evergreen species. The area under management

31 (A) Luckert MK, Salkie FJ. 1998. Forestry in Canada: Transitions
and Emerging Policy Issues. Canadian Public Policy V XXIV
Supplement Special 2. S3-§10. See also: Clogg J. 1997. Tenure

Reform for Ecologically and Socially Responsible Forest Use

in British Columbia (Faculty of Environmental Studies, York
University, unpublished). Available online at: http://www.wcel.org/
forestry/11655/11655.html (25/06/2008).

(B) Peter Pearse suggests that property rights can be characterized

by examining comprehensiveness, exclusivity, duration, secutity,
transferability, and the right to economic benefits. [(1) Pearse P. 1988.
Property Rights and the Development of Natural Resources Policies in
Canada. Canadian Public Policy 14, 306. (2) Pearse P. 1990. Introduction
to Resource Economics. Vancouver, BC: UBC Press. Pp. 177-180.]

(C) Scott and Johnson, and Schwindt use similar taxonomies to

classify the nature of forest tenures. [(1) Scott A, Johnson J. 1983.
Property Rights: Developing the Characteristics of Interests in Natural
Resources, Resource Paper No. 88. Vancouver: UBC Department of
Economics: 7-11. (2) Schwindt R. 1992. Report of the Commission

of Inquiry into Compensation for the Taking of Resource Interests.
Vancouver: Commission of Inquiry.]

32 (A) “...There exists today a complex array of tenure arrangements
throughout the country.”” (Haley D, Luckert MK, et al. 1990. Forest
tenures in Canada: a framework for policy analysis. Ottawa, ON: The
Branch.)

(B) Legally-speaking, “tenure” in the Canadian context refers, broadly,
to the way in which all land is theoretically owned and occupied in
Canada (Dukelow DA and B Nuse. 1995. The Dictionary of Canadian
Law. Toronto, ON, Carswell: 1247), and more specifically, to the fact
that the Crown retains ultimate ownership of all land in Canada,
including what are referred to as private lands (fee simple estates) (Ziff
B. 1993. Principles of Property Law. Toronto, ON, Carswell: 36-50).
(C) In the Canadian forest management context, “tenure” describes:

* “The right to log” (Ross M. 1995. Forest Management in Canada.
Calgary, AB: Canadian Institute of Resources Law: 73-84.)

* “The essential links between the Crown as public landlord, the
legislature as overseer of the public interest, and those who seek to
develop and use forest resources.” (Pearse PH, Commissioner. 1976.
Report of the Royal Commission on Forest Resources - Timber
Rights and Forest Policy in British Columbia. Victoria, BC: Queen’s
Printer. Vol 1: 22). Available at: http:/ /www.for.gov.bc.ca/hfd/
pubs/Mt.htm (08/09/2008).

* “The various agreements which, have been devised to accomplish
[the transfer of timber harvesting rights and forest management
responsibilities from the public to the private sector] have become
known as forest tenures.” (Haley D, Luckert MK et al. 1990. Forest
tenures in Canada: a framework for policy analysis. Ottawa, ON:
The Branch. Page 2.)

* “A spectrum of property rights in forestland and timber,
ranging in duration, comprehensiveness, exclusiveness, and
other characteristics.” [Pearse PH. 1990. Introduction to Forest
Economics (Chapter 9: Property rights and forest tenure systems).
Vancouver, BC: UBC Press. Page 22. See also: Ross M. 1995.
Forest Management in Canada. Calgary, AB: Canadian Institute of
Resources Law]

is fixed within the tenure agreement. Except for fire
management, primary responsibility for carrying out
management activities rests with the tenure holder,
with the provincial government being accountable to
the public for ensuring that proposed management
strategies are consistent with provincial policies and
that harvesting activities conform to these strategies.

* Volume-based tenures provide for the allocation
of specified logging volumes to licencees. The
responsibility for forest-level management rests
largely with the provincial government, while the
responsibilities of volume based tenure holders tend
to be restricted to operational activities, which include
logging layout, access management and regeneration.
Volume agreements can be associated with specific
management units that are distinct from area-based
tenure lands or they can be based on an allocation of
a portion of the AAC associated with an area-based
tenure.

Mining Permits, Claims and Leases: (1) Permits: These
are defined as the first stage of mineral exploration. In
Alberta they are defined as “Application for Permits.”

(2) Claims: Claims are defined as “exclusive mineral
exploration and prospecting rights” and allow the holder
to develop mineral properties with claims. These may be
converted in Leases. (In Alberta, these are referred to as
metallic or industrial mineral permits.) (3) Leases: Leases
give the holder the right to undertake activities to extract
and remove minerals from the site. Whereas prospecting
permits indicate that there may be minerals of interest
present, leases tend to indicate areas where development
and extraction activities are most likely to occur.

Naphthenic acids: Natural constituents of bitumen
which, during the bituminous sands extraction process,

are solubilized and concentrated in tailings. Chemically,
they are a family of carboxylic acid surfactants (meaning
they are soluble in both organic solvents and water). The
components of naphthenic acids are commonly classified
by their structures and the number of carbon atoms in the
molecule. The compounds are represented by the general
formula C H, + O, where m indicates the carbon number
and z represents the number of hydrogen atoms that are

lost as the structures become more compact.™

Net Biome Productivity: the annual net absorption (or
release) of carbon by forests and wetlands.”

33 Headley JV, McMartin DW. 2004. A Review of the Occurrence
and Fate of Naphthenic Acids in Aquatic Environments. ] of
Environmental Science and Health: Part A—Toxic/Hazardous
Substances & Environmental Engineering. A39(8): 1989-2010.

34 Chen JM. 2008. Net Biome Production dataset (1961-2003).



Non-conventional oil and gas: Is produced or extracted
using techniques other than the traditional oil/gas well
method. Currently, non-conventional oil/gas production is
less efficient and some types have a larger environmental
impact relative to conventional oil production. Non-
conventional types of production include: bitumen, heavy
oil, oil shale, biofuels, coalbed methane, gas hydrates,

and the conversion of coal or natural gas to liquid
hydrocarbons.

Old-growth forests® — Defining Characteristics: The
unifying feature of old-growth is not age per se, but

the set of characteristics shared by most forest types in
the later stages of succession. A key feature is breakup
of the canopy due to the mortality of individual trees

as they reach maturity.” This process in turn leads to

the release of understory plants, accumulation of snags
and downed logs, and in some cases, the emergence of
secondary canopy species.” Relative to younger stages, old
stands have trees of many ages and sizes and have more
large canopy trees, large snags, and large downed logs.*

* Overall, structural diversity is highest in old stands, and
this is reflected in unique plant and animal communities
as well as high overall species richness, relative to younger
stands.**' A Working Definition: Although it would be
preferable to identify old-growth forest stands directly on
the basis of the previously described structural criteria,
timber inventories do not contain the required attributes.
An alternative approach is to develop simple working
definitions of old-growth based on known relationships
between stand age and successional stage. Age-based
definitions of old-growth must be defined separately for
each stand type because tree species mature at different
rates (see table below). Also, it should be understood that

35 Schneider RR. 2002. Alternative Futures: Alberta’s Boreal Forests
at the Crossroads. Edmonton AB: Alberta Centre for Boreal Research.
152 pp. Old-growth forests chaptet available at: pp.http://www.
borealcentre.ca/reports/book/8%2001d%20growth.pdf

36 Burton P, Kneeshaw D, Coates D. 1999. Managing forest harvesting
to maintain old growth in boreal and sub-boreal forests. For. Chron.
75:623-631.

37 Stelfox JB. 1995. Relationships between stand age, stand structure,
and biodiversity in aspen mixedwood Forests in Alberta. Alberta
Environmental Centre, Vegreville, AB. 133 pp. (Available at: www.
borealcentre.ca/reports/reports.html)

38 Burton P, Kneeshaw D, Coates D. 1999. Managing forest harvesting
to maintain old growth in boreal and sub-boreal forests. For. Chron.
75:623-631.

39 Lee P, Hanus S, Grover B. 2000. Criteria for estimating old growth
in botreal mixedwoods from standard timber inventory data. For. Ecol.
Manage. 129:25-30.

40 Stelfox JB. 1995. Relationships between stand age, stand structure,
and biodiversity in aspen mixedwood Forests in Alberta. Alberta
Environmental Centre, Vegreville, AB. 133 pp. (Available at: www.
borealcentre.ca/reports/reports.html)

41 Timoney K. 2001. Types and attributes of old-growth forests in
Alberta, Canada. Nat. Areas J. 21:282-300.

age-based definitions provide only a coarse assessment of
old growth forests.* There is substantial variability in the
rate of stand development due to local variations in soil
and climate, among other factors, and timber inventories
are known to systematically underestimate the age of older
stands.®

Table: Typical age at which old-growth characteristics are
apparent, for commercial forest stand types in Alberta.

Forest Type Old-Growth Age
Deciduous > 100
White spruce > 140
Mixedwood* > 100
Pine >120

Source: Adapted frim Timoney, 2001.
*Mixture of coniferous and deciduous species.

Polycyclic aromatic hydrocarbons: Polycyclic aromatic
hydrocarbons (PAHs) are a group of over 100 different
chemicals. The primary sources of emissions of reportable
size are petroleum refineries, fossil fuel power plants (coal,
oil,), coal-tar production plants, coking plants, bitumen
and asphalt production plants, paper mills, wood products
manufacturers, aluminium production plants and industrial
machinery manufacturers.

Protected area: As defined by the International Union of
Nature Conservation IUCN), a protected area is an area
of land and/or sea especially dedicated to the protection
and maintenance of biological diversity, and of natural and
associated cultural resources, managed through legal or
other effective means.*

Riparian buffer zone: a corridor of forest adjacent
to a waterbody that is subject to forest management
restrictions designed to protect the ecological functioning
of the riparian forest. A buffer zone may be composed of

a reserve zone, 4 management zone, or a combination of
both.

42 Lee P, Hanus S, Grover B. 2000. Criteria for estimating old growth
in boteal mixedwoods from standard timber inventory data. For. Ecol.
Manage. 129:25-30.

43 Cumming S, F Schmiegelow, and P Burton. 2000. Gap dynamics
in boreal aspen stands: is the forest older than we think? Ecol. Appl.
10:744-759.

44 (1) FAO - RAP. 2004. RAP Publication 2000/07. Asia-Pacific
Forestry Commission: development of national-level criteria and
indicators for the sustainable management of dry forests of Asia:
workshop report. (Annex 6: Definitions and basic principles of
sustainable forest management in relation to criteria and indicators.)
Available at: http://www.fao.org/documents/show_cdr.asp?utl_file=/
doctep/003/x6896¢/x6896¢0e.htm (25/06/2008). (2) Environment
Canada. 2006. Canadian Protected Areas Status Report 2000-2005.
Available at: http://www.cws-scf.ec.gc.ca/publications/habitat/ cpa-
apc/index_e.cfm (08/09/2008)



Riparian management zone: an area of forest adjacent
to a waterbody wherein forest development practices are
permissible but limited in law or policy with an objective
of protecting the ecological functioning of the riparian
forest.

Significant human influences: Include anthropogenic
disturbances that are visible on recent (~1990 to ~2002)
Landsat satellite images and which are identified in
available Canada-wide datasets of linear disturbances and
reservoirs. There are many human uses occurring within
forest landscape fragments that are not detected using
Landsat images. For example: remote camps/lodges/
cottages; off-highway vehicles use; hunting/fishing/
trapping use.

Steam assisted gravity drainage (SAGD): The steam
assisted gravity drainage (SAGD) process is a thermal
in-situ heavy oil recovery process. The procedure is
applied to multiple well pairs. The well pairs are drilled
horizontally, parallelly and vertically aligned with each
other; their length and vertical separation are on the order
of 1 kilometre and 5 metres, respectively. The upper well is
known as the “injection well” and the lower well is known
as the “production well.” The process begins by circulating
steam in both wells so that the bitumen between the well
pair is heated enough to flow to the lower production

well. The freed pore space is continually filled with steam,
forming a “steam chamber.” The steam chamber heats and
drains more and more bitumen until it has overtaken the
oil-bearing pores between the well pair. Steam circulation
in the production well is then stopped and injected into
the upper injection well only. The cone shaped steam
chamber, anchored at the production well, now begins to
develop upwards from the injection well. As new bitumen
surfaces are heated, the oil lowers in viscosity and flows
downward along the steam chamber boundary into the
production well by way of gravity.*

45 Deutsch CV, McLeanna JA. 2005. Guide to SAGD (Steam Assisted
Gravity Drainage) Reservoir Characterization Using Geostatistics.
Centre for Computational Geostatistics (CCG). Guidebook Seties

Vol. 3. Available at: http://www.uofaweb.ualberta.ca/ccg/pdfs/Vol3-
IntroSAGD.pdf (24/10/2008).

Sustainable forest management: Management that
maintains and enhances the long-term health of forest
ecosystems for the benefit of all living things while
providing environmental, economic, social and cultural

opportunities for present and future generations.*

Synthetic crude oil: A mixture of hydrocarbons, similar
47

to crude oil, derived by upgrading bitumen from oilsands.
Trapping Units: Registered Fur Management Areas
(RFMAs) are parcels of public land allocated to the holder
of a Registered Fur Management License by the Alberta
Department of Sustainable Resource Development. These
registered trappers may form partnerships with other
trappers to trap their REMAs. These “trapper units” are
also known as Trapper Boundaries.

Umbrella Species: A wide-ranging species whose
requirements include those of many other species.*®

46 Canadian Forest Service. 2007. Forest conditions, monitoring, and
reporting glossary. Natural Resources Canada, Ottawa, ON. Available at:
http://cfs.nrcan.ge.ca/glossary/6/s_(08/09/2008).

47 Centre for Energy. 2008. Glossaty: synthetic crude oil. Available at:
http:/ /www.centreforenergy.com/glossaty.asp?EnergyType=17&Templ
ate=1,1,1#83 (24/10/2008).

48 Roberge J-M, Angelstam P. 2004. “Usefulness of Umbrella Species
Concept as a Conservation Tool.” Conservation Biology 18(1): 76-85
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The table in this appendix provides the key data sources for the maps contained in Part I of the atlas. Following the table

Appendlx A. Data & Methods

are the methods for 3 key datasets created by Global Forest Watch Canada:

* Intact forest landscapes and forest landscape fragments

¢ Cumulative Accesss

* Recent anthropogenic changes

Finally, following the methods for these key datasets is a list of the species that were used in the species diversity

analyses.

Geospatial data used for maps

Data Sources for Maps in Canada's Last Great Intact Forests: Atlas of Alberta (Part I)

Maps are listed in alphabetical order

Map Title Page |Key Data Sources

Aboriginal Treaties, 27 |(A) Aboriginal treaties and Indian Reserves: Canada Centre for Cadastral Management,

Reserves, Land Claims Geomatics Canada, Natural Resources Canada. 2008. National Framework Canada Lands

and Métis Settlements in Administrative Boundaries Level. Available at: http://www.geogratis.ca/ (27/02/2009)

Alberta (B) Aboriginal land claims derived by digitizing from PDF: Alberta International and
Intergovernmental Relations. 2001. Land claims map. Available at http://www.
aboriginal.alberta.ca/544.cfm (03/10/2008). (C) Métis settlements derived by extracting
geospatial file from PDF: Alberta International and Intergovernmental Relations. 1998.
Métis settlements map. Available at: http://www.international.alberta.ca/543.cfm
(03/10/2008).

Bird Diversity within 60 |(A) Species diversity dataset acquired from Environment Canada. 1999. Dataset

Alberta's Intact Forest and report (Freemark K, H Moore, DM Forsyth, ARE Sinclair, D White, T Barrett and

Landscapes by Ecodistrict RL Pressey. 1999. Identifying minimum sets of conservation sites for representing
biodiversity in Canada: A complementarity approach. Technical Report Series No. xxx,
Canadian Wildlife Service, Headquarters, Environment Canada, Ottawa K1A OH3)
available at: ftp://ftp.geogratis.gc.ca/Ecosystems/ (26/02/2009). (B) Intact forest
landscapes dataset (Canada's Forest Landscape Fragments: A Second Approximation)
created by Global Forest Watch Canada. 2009. Available at: www.globalforestwatch.ca.
(See methodology below.)

Concentrations of Industrial | 38 | Nighttime Lights of the World. 2000. National Geophysical Data Center (NGDC), Earth

Activity and Human Observation Group (EOG), Defense Meteorological Satellite Program (DMSP). Available

Settlements lllustrated by at: http://www.ngdc.noaa.gov/dmsp/download_world_change_pair.html (06/10/2008).

Nighttime Lights

Cumulative Anthropogenic 37 |Cumulative anthropogenic (primarily industrial) access dataset (Combined Access)

Access in Alberta's Forest created by Global Forest Watch Canada. 2009. Available at: www.globalforestwatch.ca.

Ecozones

Example Analysis: 64 |Intact forest landscapes dataset (Canada's Forest Landscape Fragments: A Second

Combined Conservation Approximation) created by Global Forest Watch Canada. 2009. Available at: www.

Value within Alberta's Intact globalforestwatch.ca. (See methodology below.)

Forest Landscapes

Example Analysis: Focal 65 |Intact forest landscapes dataset (Canada's Forest Landscape Fragments: A Second

Conservation Regions Approximation) created by Global Forest Watch Canada. 2009. Available at: www.

within Alberta's Intact globalforestwatch.ca. (See methodology below.)

Forest Landscapes

.. continued on next page
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Data Sources for Maps in Canada's Last Great Intact Forests: Atlas of Alberta (Part I) (continued)

Maps are listed in alphabetical order

Map Title

Page

Key Data Sources

Forest Biomes of North
America

18

Forest biomes of North America (Terrestrial Ecoregions): Olson DM, E Dinerstein,

ED Wikramanayake, ND Burgess, GVN Powell, EC Underwood, JA D’Amico, | Itoua,

HE Strand, JC Morrison, CJ Loucks, TF Allnutt, TH Ricketts, Y Kura, JF Lamoreux, WW
Wettengel, P Hedao, and KR Kassem. Terrestrial Ecoregions of the World: A New Map
of Life on Earth. BioScience 51:933-938. Dataset available at: http://www.worldwildlife.
org/science/data/item1872.html (02/18/2009)

Forest Ecozones of Alberta

19

Terrestrial ecozones: Agriculture and Agri-Foods Canada. 1999. A National Ecological
Framework for Canada. Available at: http://sis.agr.gc.ca/cansis/nsdb/ecostrat/intro.html
(10/09/2008)

Industrial Commitments
within Athabasca
Chipewyan First Nations
Traditional Lands

29

(A) Bitumen extraction leases and permits dataset derived by extracting geospatial file
from PDF: Alberta Energy. 2008. Alberta's Oil Sands Projects. Available at: http://www.
energy.alberta.ca/LandAccess/pdfs/QilSands_Projects.pdf (06/10/2008). (B) Bituminous
(tar/oil) sands surface mineable area acquired from Dr. Richard Schneider (pers.

comm.) (2007) (C) Forestry tenures layer (Alberta) is composed of: Forest Management
Agreement Areas and Forest Management Units, acquired from AltalIS Alberta

(2008). Available at: http://www.altalis.com/prod_base_bound.html (24/10/2008).

(D) Forestry tenures layer (Saskatchewan): Saskatchewan Forest Management Areas
obtained by contacting Government of Saskatchewan, Ministry of Environment, Lands
and Forests Division, Forests Service Branch (http://www.environment.gov.sk.ca/) (E)
Alberta Petroleum and Natural gas, Coal agreements, Mineral claims, Mineral extraction
leases and Mineral exploration leases acquired from Alberta Energy. Available at:
http://www.energy.gov.ab.ca/minerals/1072.asp (27/02/2009). (F) Saskatchewan
Petroleum and Natural Gas Leases, Coal Agreements, Mineral claims, Mineral extraction
leases and Mineral exploration leases acquired from Saskatchewan Energy and
Resources Geological Atlas. Available at: http://www.infomaps.gov.sk.ca/website/
SIR_Geological_Atlas/viewer.htm (27/02/2009) (G) Athabasca Chipewyan First Nation
Traditional Lands digitized from Tanner J and A Rigney. 2003. Athabasca Chipewyan First
Nation: Traditional Land Use Study. 172 pp. (H) Aboriginal treaties and Indian Reserves
dataset acquired from Natural Resources Canada. 2008. Available at: www.geogratis.ca
(06/10/2008) (1) Protected areas acquired from Alberta Tourism, Parks and Recreation.
Available at: http://www.tpr.alberta.ca/parks/landreferencemanual/default.aspx
(06/10/2008).

Intact Forest Landscapes of
Alberta

43

Intact forest landscapes dataset (Canada's Forest Landscape Fragments: A Second
Approximation) created by Global Forest Watch Canada. 2009. Available at: www.
globalforestwatch.ca. (See methodology below.) (B) Treed/Treeless: Government of
Canada, Natural Resources Canada, Canada Centre for Remote Sensing, The Atlas of
Canada. 2004. North American Atlas - Populated Places. Available at: http://geogratis.
cgdi.gc.ca/download/frameworkdata/North_America_Atlas10M/popplaces/
(27/02/2009)

Intact Forest Landscapes of
Alberta: AB-CE, AB-CW, AB-
NE, AB-NW, AB-SW

46-50

Intact forest landscapes dataset (Canada's Forest Landscape Fragments: A Second
Approximation) created by Global Forest Watch Canada. 2009. Available at: www.
globalforestwatch.ca. (See methodology below.) (B) Treed/Treeless: Government of
Canada, Natural Resources Canada, Canada Centre for Remote Sensing, The Atlas of
Canada. 2004. North American Atlas - Populated Places. Available at: http://geogratis.
cgdi.gc.ca/download/frameworkdata/North_America_Atlas10M/popplaces/
(27/02/2009)

Intact Forest Landscapes of
North America

42

(A) Intact forest landscapes of the world ("Original Forests") acquired from World
Resources Institute. Available at: http://ims.missouri.edu/gfwmetadataexplorer/
(03/10/2008). See also: Bryant D, D Nielsen and L Tangley. 1997. The Last Frontier
Forests — Ecosystems and Economies on the edge. Available at: http://www.wri.
org/publication/last-frontier-forests-ecosystems-and-economies-edge (26/02/2009) (B)
Present intact forest landscapes of the world: Greenpeace International. The World’s
Last Intact Forest Landscapes. Available at: http://www.intactforests.org/ (03/10/2008).

... continued on next page




Data Sources for Maps in Canada's Last Great Intact Forests: Atlas of Alberta (Part I) (continued)

Maps are listed in alphabetical order

Map Title Page Key Data Sources

Key Focal Species within 63 |Intact forest landscapes dataset (Canada's Forest Landscape Fragments: A Second

Alberta's Intact Forest Approximation) created by Global Forest Watch Canada. 2009. Available at: www.

Landscapes globalforestwatch.ca. (See methodology below.)

Lakes and Rivers within 57 |(A) Intact forest landscapes dataset (Canada's Forest Landscape Fragments: A Second

Alberta's Intact Forest Approximation) created by Global Forest Watch Canada. 2009. Available at: www.

Landscapes by Watershed globalforestwatch.ca. (See methodology below.) (B) Watersheds (Fundamental drainage
areas): Government of Canada, Natural Resources Canada, Canada Centre for Remote
Sensing, The Atlas of Canada. 2003. National Scale Frameworks Hydrology - Drainage
Areas, Canada Available at: http://geogratis.cgdi.gc.ca/download/frameworkdata/
drainage_areas/ (27/02/2009) (C) Government of Canada, Natural Resources
Canada, Canada Centre for Remote Sensing, The Atlas of Canada. 2008.National Scale
Frameworks Hydrology - Drainage Network, Canada. Available at: http://geogratis.cgdi.
gc.ca/download/frameworkdata/hydrology (27/02/2009)

Land Cover of Alberta 24 | Land cover of Canada: Multi-Temporal Land Cover Maps of Canada using NOAA AVHRR

(2000) 1-km data from 1985-2000. Available at: http://www.geogratis.ca/geogratis/en/
download/thematic0.html (06/10/2008).

Land Cover of Athabasca 28 |(A) Land Cover: Earth Observation for Sustainable Development of Forests (EOSD). 2008.

Chipewyan First Nations Available at: http://nfis.org/web_portals/themed_e.shtml (26/02/2009). (B) Athabasca

Traditional Lands Chipewyan First Nation Traditional Lands digitized from Tanner J and A Rigney. 2003.
Athabasca Chipewyan First Nation: Traditional Land Use Study. 172 pp.

Land Cover of North 23 |Land cover of North America: Latifovic R, Z-L Zhu, J Cihlar, C Giri. 2002. Land Cover

America database of North America for the year 2000. Natural Resources Canada, Canada Center
for Remote Sensing, US Geological Service EROS Data Center. Available at: http://www-
tem.jrc.it/glc2000/

Mammal Diversity within 61 |(A) Species diversity dataset acquired from Environment Canada. 1999. Dataset

Alberta's Intact Forest and report (Freemark K, H Moore, DM Forsyth, ARE Sinclair, D White, T Barrett and

Landscapes by Ecodistrict RL Pressey. 1999. Identifying minimum sets of conservation sites for representing
biodiversity in Canada: A complementarity approach. Technical Report Series No. xxx,
Canadian Wildlife Service, Headquarters, Environment Canada, Ottawa K1A OH3)
available at: ftp://ftp.geogratis.gc.ca/Ecosystems/ (26/02/2009). (B) Intact forest
landscapes dataset (Canada's Forest Landscape Fragments: A Second Approximation)
created by Global Forest Watch Canada. 2009. Available at: www.globalforestwatch.ca.
(See methodology below.)

Natural Regions and 20 |Natural regions and subregions: Alberta Environment, Natural Regions Committee.

Subregions of Alberta 2006. 2005 Natural Regions and Subregions of Alberta. Dataset and report ("Natural
Regions and Subregions of Alberta 2006") available at: http://www.tpr.alberta.ca/parks/
heritageinfocentre/naturalregions/default.aspx (10/09/2008)

Natural Regions and 33 |Natural regions and subregions: Alberta Environment, Natural Regions Committee.

Subregions of Alberta by 2006. 2005 Natural Regions and Subregions of Alberta. Dataset and report ("Natural

Percent Protected Regions and Subregions of Alberta 2006") available at: http://www.tpr.alberta.ca/parks/
heritageinfocentre/naturalregions/default.aspx (10/09/2008)

Net Biome Productivity 55 |(A) Net Biome Productivity: Dr. Jing Chen. 2007. University of Toronto. (pers. comm.)

within Alberta's Intact (B) Intact forest landscapes dataset (Canada's Forest Landscape Fragments: A Second

Forest Landscapes Approximation) created by Global Forest Watch Canada. 2009. Available at: www.
globalforestwatch.ca. (See methodology below.)

... continued on next page




Data Sources for Maps in Canada's Last Great Intact Forests: Atlas of Alberta (Part I) (continued)

Maps are listed in alphabetical order

Map Title

Page

Key Data Sources

Potential Old-growth
Forests within Alberta's
Intact Forest Landscapes

58

(A) Land cover of Canada: Multi-Temporal Land Cover Maps of Canada using NOAA
AVHRR 1-km data from 1985-2000. Available at: http://www.geogratis.ca/geogratis/
en/download/thematic0.html (06/10/2008). (B) Intact forest landscapes dataset
(Canada's Forest Landscape Fragments: A Second Approximation) created by Global
Forest Watch Canada. 2009. Available at: www.globalforestwatch.ca. (See methodology
below.) (C) Wildfires. Alberta Sustainable Resource Management. 2008. Spatial Wildfire
Data. Available at http://www.srd.alberta.ca/wildfires/information/spatialdata.aspx
(02/03/2009). NOTE: Non-treed land cover categories (source A) and areas burned since
1931 (source C) were deleted from within GFWC'’s intact forest landscapes and forest
landscape fragments (source B). (1931 is the earliest date for which there are Alberta
Government fire records.) The residual treed area within intact and forest fragment
areas was termed potential old-growth forest.

Potential Old-growth
Forests within Alberta's
Intact Forest Landscapes

58

(A) Land cover of Canada: Multi-Temporal Land Cover Maps of Canada using NOAA
AVHRR 1-km data from 1985-2000. Available at: http://www.geogratis.ca/geogratis/
en/download/thematic0.html (06/10/2008). (B) Intact forest landscapes dataset
(Canada's Forest Landscape Fragments: A Second Approximation) created by Global
Forest Watch Canada. 2009. Available at: www.globalforestwatch.ca. (See methodology
below.) (C) Wildfires. Alberta Sustainable Resource Management. 2008. Spatial Wildfire
Data. Available at http://www.srd.alberta.ca/wildfires/information/spatialdata.aspx
(02/03/2009). NOTE: Non-treed land cover categories (source A) and areas burned since
1931 (source C) were deleted from within GFWC’s intact forest landscapes and forest
landscape fragments (source B). (1931 is the earliest date for which there are Alberta
Government fire records.) The residual treed area within intact and forest fragment
areas was termed potential old-growth forest.

Protected areas in Alberta’s
Forest Ecozones

32

Protected areas acquired from Alberta Tourism, Parks and Recreation. Available at:
http://www.tpr.alberta.ca/parks/landreferencemanual/default.aspx (06/10/2008).

Protected Areas of North
America

31

(A) Protected areas - United States: Protected areas extracted from the 2008 World
Database on Protected Areas (WDPA). The WDPA is a joint product of UNEP and the
IUCN, prepared by UNEP-WCMC and the IUCN WCPA working with Governments,

the Secretariats of MEAs and collaborating NGOs. For further information contact:
protectedareas@unep-wcmc.org or go to www.WDPA.org . (B) Protected areas - Canada:
Protected areas of Canada. Copyright-restricted unpublished dataset from Global Forest
Watch Canada (2009).

Reptile and Amphibian
Diversity within Intact
Forest Landscapes of
Alberta by Ecodistrict

59

(A) Species diversity dataset acquired from Environment Canada. 1999. Dataset

and report (Freemark K, H Moore, DM Forsyth, ARE Sinclair, D White, T Barrett and

RL Pressey. 1999. Identifying minimum sets of conservation sites for representing
biodiversity in Canada: A complementarity approach. Technical Report Series No. xxx,
Canadian Wildlife Service, Headquarters, Environment Canada, Ottawa K1A OH3)
available at: ftp://ftp.geogratis.gc.ca/Ecosystems/ (26/02/2009). (B) Intact forest
landscapes dataset (Canada's Forest Landscape Fragments: A Second Approximation)
created by Global Forest Watch Canada. 2009. Available at: www.globalforestwatch.ca.
(See methodology below.)

Settlements and Major
Roads of Alberta

26

(A) Settlements dataset acquired from Natural Resources Canada. Available at www.
geogratis.ca (2009). (B) Roads dataset acquired from Canadian Council on Geomatics.
GeoBase. Available at: http://www.geobase.ca/geobase/en/index.html (06/10/2008).

Soil Organic Carbon within
Alberta's Intact Forest
Landscapes

54

(A) Soil organic carbon acquired from Soil Organic Carbon Digital Database of Canada
[Tarnocai C and B Lacelle. 1996. (pers. comm.)]. (B) Intact forest landscapes dataset
(Canada's Forest Landscape Fragments: A Second Approximation) created by Global
Forest Watch Canada. 2009. Available at: www.globalforestwatch.ca. (See methodology
below.)

... continued on next page




Data Sources for Maps in Canada's Last Great Intact Forests: Atlas of Alberta (Part I) (continued)

Maps are listed in alphabetical order

Map Title

Page

Key Data Sources

The Final Frontier: The Last
Remaining Intact Forest
Landscapes of the World

40

(A) Intact forest landscapes of the world ("Original Forests") acquired from World
Resources Institute. Available at: http://ims.missouri.edu/gfwmetadataexplorer/
(03/10/2008). See also: Bryant D, D Nielsen and L Tangley. 1997. The Last Frontier
Forests — Ecosystems and Economies on the edge. Available at: http://www.wri.
org/publication/last-frontier-forests-ecosystems-and-economies-edge (26/02/2009) (B)
Present intact forest landscapes of the world: Greenpeace International. The World’s
Last Intact Forest Landscapes. Available at: http://www.intactforests.org/ (03/10/2008).

The Human Footprint on
North America

36

Human footprint on North America: Wildlife Conservation Society. 2002. The Human
Footprint and the Last of the Wild. Available via: http://www.wcs.org/sw-high_tech_
tools/landscapeecology/humanfootprintatlas (03/10/2008).

Tree Cover of Alberta

22

Tree canopy cover: DeFries R, M Hansen, JRG Townshend, AC Janetos, and TR Loveland.
2000. 1 Kilometer Tree Cover Continuous Fields, 1.0, Department of Geography,
University of Maryland, College Park, Maryland, 1992-1993. Available at: http://glcf.
umiacs.umd.edu/data/treecover/ (26/02/2009); source: Global Land Cover Facility,
www.landcover.org (06/10/2008).

Tree Cover of North
America

21

Tree canopy cover: DeFries R, M Hansen, JRG Townshend, AC Janetos, and TR Loveland.
2000. 1 Kilometer Tree Cover Continuous Fields, 1.0, Department of Geography,
University of Maryland, College Park, Maryland, 1992-1993. Available at: http://glcf.
umiacs.umd.edu/data/treecover/ (26/02/2009); source: Global Land Cover Facility,
www.landcover.org (06/10/2008).

Tree Diversity within
Alberta's Intact Forest
Landscapes by Ecodistrict

62

(A) Species diversity dataset acquired from Environment Canada. 1999. Dataset

and report (Freemark K, H Moore, DM Forsyth, ARE Sinclair, D White, T Barrett and

RL Pressey. 1999. Identifying minimum sets of conservation sites for representing
biodiversity in Canada: A complementarity approach. Technical Report Series No. xxx,
Canadian Wildlife Service, Headquarters, Environment Canada, Ottawa K1A OH3)
available at: ftp://ftp.geogratis.gc.ca/Ecosystems/ (26/02/2009). (B) Intact forest
landscapes dataset (Canada's Forest Landscape Fragments: A Second Approximation)
created by Global Forest Watch Canada. 2009. Available at: www.globalforestwatch.ca.
(See methodology below.)

Watersheds of Alberta by
Percent Protected

34

(A) Protected areas: Alberta Tourism, Parks and Recreation. 2008. Protected areas.
Available at: http://www.tpr.alberta.ca/parks/landreferencemanual/default.aspx
(06/10/2008). (B) Watersheds (Fundamental drainage areas): Government of Canada,
Natural Resources Canada, Canada Centre for Remote Sensing, The Atlas of Canada.
2003. National Scale Frameworks Hydrology - Drainage Areas, Canada Available at:
http://geogratis.cgdi.gc.ca/download/frameworkdata/drainage_areas/ (27/02/2009)

Watersheds of Alberta's
Forest Ecozones by Percent
Intact

44

(A) Intact forest landscapes dataset (Canada's Forest Landscape Fragments: A Second
Approximation) created by Global Forest Watch Canada. 2009. Available at: www.
globalforestwatch.ca. (See methodology below.) (B) Watersheds (Fundamental drainage
areas): Government of Canada, Natural Resources Canada, Canada Centre for Remote
Sensing, The Atlas of Canada. 2003. National Scale Frameworks Hydrology - Drainage
Areas, Canada Available at: http://geogratis.cgdi.gc.ca/download/frameworkdata/
drainage_areas/ (27/02/2009)

Wetlands within Alberta's
Intact Forest Landscapes

56

(A) Wetlands/Peatlands:Peatlands of Canada database; Tarnocai, C; Kettles, | M;
Lacelle,B. Geological Survey of Canada, Open File 4002, 2002. (B) Intact forest
landscapes dataset (Canada's Forest Landscape Fragments: A Second Approximation)
created by Global Forest Watch Canada. 2009. Available at: www.globalforestwatch.ca.
(See methodology below.)

Other data source acknowledgements: ESRI Data & Maps [CD-ROM]. (2006). Redlands, CA: Environmental Systems Research

Institute.
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Methods: Geospatial data created by Global Forest Watch Canada

1. Intact forest landscapes and forest
landscape fragments

All forest landscapes were presumed unfragmented by
significant human influence (see Glossary) at the outset
of the study. Forest landscapes were then systematically
eliminated through a mapping methodology which
employed a stratified approach and used increasingly
detailed datasets. Initially we used inexpensive, accessible
and previously-purchased datasets of roads and reservoirs
to eliminate anthropogenically disturbed areas.

As the study area was reduced, more detailed data in the
form of remote sensing imagery were used to assist in
manually detecting additional industrial activities, including
logging, mining, roads and oil and gas facilities, for which
comprehensive publicly available digital datasets do not
exist. This approach was adopted owing to information
constraints associated with both the cost and availability
of data. A multi-step approach made it possible to
exclude large areas from further analysis on the basis of
readily available and affordable information, which led to
substantial savings in work time and in data costs.

Analysis was conducted in a Geographic Information
System (GIS) environment using ESRI’s ArcView v.

3 series and Leica Geosystems’ Geographic Imaging
software (ERDAS IMAGINE). All vector and raster

layers were projected in the Lambert Conformal Conic
projection. This projection is extensively used in ellipsoidal
form for large-scale mapping of regions of predominantly
east-west extent, including many maps in the International
Map of the World (1:1,000,000-scale) series, and for
topographic mapping in many nations.

The GIS environment allowed interpreters to identify
signs of human disturbance and prepare the final maps for
publication.

Identifying and mapping intact forest landscapes
and forest landscape fragments

We identified and mapped forest landscape fragments
using a stratified approach. Our analysis can be broken
down into five basic steps:

1. Setting study area boundaries;

2. Elimination of anthropogenically disturbed areas using
existing datasets;

3. Elimination of further anthropogenically disturbed
areas using satellite imagery;

4. Verification of results (involving site visits, aerial
photography, and a widespread review); and

5.Final analysis.

Step 1. Setting study area boundaries

[ Landsat Image les
—— Prairie-forest Ecozone Boundary

Alberta Landsat image coverage

We used the Ecozones of Canada to determine the general
regions of interest. For Alberta, the study area included

six ecozones that are generally considered to be forested:
Boreal Plains, Boreal Shield, Taiga Plains, Montane
Cotdillera, Boreal Shield and Taiga Shield.

Step 2. Elimination of anthropogenically disturbed
areas using existing datasets

The second step involved reducing the initial study area
by using existing datasets that identify major industrial and
other human activities. Roads and other linear features
and reservoirs were buffered to account for a zone of
influence.



A zone of influence of 500 metres was applied to: local
roads (i.e. subdivision roads in a city or gravel roads

in rural areas), airports, mines, pipelines, powetlines,
reservoirs, and clearcuts. A zone of influence of 1,000
metres was applied to the Trans-Canada Highway and
other principal roads. The width of the zone of influence
was considered conservative, given that many studies
have shown that the effects of disturbance greatly exceed
1,000 metres for birds, predators, and ungulates, as well as
smaller wildlife. (One Ontario government study on
wildlife areas used 5- and 10-kilometre buffers.!). The
resulting layers of buffered features were combined

to create an “anthropogenic disturbance” layer. These
areas were then removed, or eliminated, from the intact
forest landscape and forest landscape fragments under
consideration. Additionally, residual areas smaller than
5,000 hectares were removed according to the threshold
sizes selected. A draft map layer of intact forest
landscapes and forest landscape fragments was then
generated.

Step 3. Elimination of further anthropogenically
disturbed areas using satellite imagery

The third (and most labour- and time-intensive) step
involved using satellite imagery to identify anthropogenic
disturbances in the candidate forest landscape fragments
that were initially identified. The anthropogenic
disturbance layer was overlaid with the study area layer in
order to crop candidate areas. The analysis to identify and
digitize additional anthropogenic disturbances on satellite
imagery was completed in all blocks of 5,000+ hectares
within the study area.

Medium-resolution satellite imagery was useful for
identifying and digitizing a number of human activities

for which publicly available detailed datasets were not
available. For example, we were able to use Landsat images
to identify and eliminate areas affected by agriculture,
forestry, and road building.

Various sprectral band combinations were used to enhance
visibility in the satellite images (the most common red/

1 Davidson R], Gray PA, Boyd S, Cordiner GS. 2000. State-of-the-
wilderness reporting in Ontario: Models, tools, and techniques. USDA
Forest Service Proceedings RMRS-P-15-Vol-2: 111-119.

2 Note: Included in the disturbance layers that were manually created
were various types of cutting lines (relatively narrow, straight, linear
disturbances). The most prevalent of these were the seismic lines

that are mainly associated with oil and gas development and that are
pervasive throughout much of Alberta. The simple decision rule that
these linear disturbances had to be visible in the Landsat imagery

to qualify for exclusion means that many areas mapped as “intact
forest landscapes and forest landscape fragments” may still contain
disturbances that are only cleatly visible “on-the-ground.”

green/blue combination used was bands 5/4/3). Visual
interpretation was normally performed at a 1:40,000—
1:50,000 scale. Final checks were performed at 1:50,000-
1:100,000 and corrections were made at 1:40,000-1:50,000.
Areas associated with the following main types of human
disturbances were excluded in Step 3. These areas were
excluded only if positive signs of disturbance could be
detected in satellite images:

1. Linear and polygonal infrastructure and
associated zones of influence:

* roads of all types;
* railroads;

¢ seismic and other cutlines clearly visible in satellite
images;
* power lines and communication lines, assuming there
> )
was clearing of vegetation along the lines;

* pipelines;

* recently completely anthropogenically-converted areas,
such as settlements;

* built-up populated and industrial areas;
* croplands (both current and abandoned); and

* reservoirs.

2. Areas affected by land use in addition to those
noted above:

* clearcuts;
* all types of mining and drilling activity areas; and

* other areas affected by industrial activity.
After one interpreter completed the visual interpretation
of disturbances, a second interpreter checked the accuracy
of the mapping, Questionable areas were highlighted,
checked and, where necessary, corrected by a third
interpreter using a variety of scales and image dates. Areas
of uncertainty were resolved through discussion within the
interpretation team and by the use of ancillary data (e.g.,
aerial photographs).

Digitized linear and polygonal disturbances were buffered
by an automatic process according to the nature of the
disturbance before they were excluded from the dataset.
Residual fragments smaller than the threshold sizes were
eliminated. The result was a secondary draft map layer of
forest landscape fragments.

Step 4. Verification of results

In step four, a combination of field checks, aerial photo
checks, and expert review was conducted to verify the
draft map of forest landscape fragments.
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#

Field expeditions were conducted in the 2004-2007 period
in the unfragmented/fragmented fringe to verify the
result of the image interpretation. Field teams made up

of Global Forest Watch Canada staff were equipped with
GPS receivers and laptop computers containing relevant
satellite imagery and the preliminary draft forest fragments
data layer.

The field verification was not based on random or
systematic sampling. Rather, the strategy was to seek out
points that were easily accessible by road or trail near

the unfragmented/fragmented fringe, but which were
within the fragmented area, and which occurred over a
broad geographic range. This process allowed the general
accuracy of the unfragmented/fragmented fringe to be
verified. Areas of uncertainty or difficulty of interpretation
were also examined.

The result of our step-wise analysis was a final map

(GIS) data layer composed of forest landscape fragments
without detectable signs of human disturbance, larger than
5,000 hectares.

Step 5. Final analysis

GIS analysis of the forest landscape fragments data layer
was conducted to assess their status in terms of their area
and distribution by administrative and geographic units.

Accuracy

The accuracy of the intact forest landscapes and

forest landscape fragments map varies across Alberta
depending largely on the quality and quantity of available
information, primarily Landsat imagery. The Landsat
imagery that was used as the basic data source has a pixel
resolution of 28.5 metres. This means that many small and
narrow anthropogenic disturbances were not detected.
This might be considered by some as a disadvantage or
weakness in the methodology. On the other hand, we

Examples of clearcut photos taken on field expeditions to verify mapping results

assumed that small and narrow disturbances generally,

but not universally, have less of an ecological impact than
larger disturbances. We concluded that there was value in a
mapping project that uses a consistent data source even if
it discriminates against small disturbances.

Owing primarily to geometric correction issues, it appears
the maximum error on-the-ground was approximately 500
metres although this is limited to only a few images. We
therefore estimate the overall accuracy of the final dataset
will be in the range of 1:1,000,000 - 1:1,500,000.

Opverall, the analysis is more likely to overestimate than
underestimate the total area of remaining forest landscape
fragments. This is inherent in the basic approach, which
presumes all areas to be unfragmented by anthropogenic
disturbances unless the opposite can be proven. Signs of
disturbance are more likely to have been missed than to
have been mistakenly found where none exist.” However, it
is probable that the both categories of error did occur.

2. Cumulative access

Global Forest Watch Canada prepared a national
“cumulative access” dataset (soon to be published). It
includes all the disturbances that were digitized using
satellite imagery during the intact forest landscape and
forest fragments mapping process plus other existing
datasets of human access such as roads, mines and
reservoirs. This dataset is currently unpublished and
copyright-restricted.

3 For example, there is the difficulty of distinguishing human-caused
forest change such as old clearcuts, areas of selective logging where
there are no roads visible on satellite images. There are other areas of
human use that are not detectable on Landsat images as well, such as
hunting/fishing/trapping locations, remote camps/lodges/cottages, and
other “fly-in” and winter access uses.



3. Recent anthropogenic changes

Aran O’Carroll

Cutting in the Alberta-Pacific logging tenure area

Global Forest Watch Canada employs a standard
methodology to detect anthropogenic changes throughout
forested landscapes across Alberta. Because landscape
features reflect distinctive patterns to optical remote
sensing platforms, remote sensing software algorithms,

in combination with human editing, were used to reliably
process anthropogenic change. This methodology is
described in detail in previous Global Forest Watch
Canada publications.*

The first step is to employ a change detection algorithm in
remote sensing based software; for this analysis we used
Leica Geosystems” ERDAS IMAGINE. This algorithm
compares the spectral reflectance of the images in a
spectral band (we chose band 5) and, if the values exceed a
set threshold, the area is marked as change. We repeat this
process numerous times, setting the percent differencing
at different levels in order to best extract these change
features, depending on the image quality. Once this
automated change detection process is completed for
each image, the change detection files are passed on to

an analyst who then manually reviews the images. The
first manual pass over the change analysis results for each
image pair is to identify and remove features which do not
represent anthropogenic change between the time periods.
This also provides the opportunity to identify changes that
were not picked up through the automatic processing: the
image analyst views the earlier and recent period Landsat
images and digitizes anthropogenic features from the
newere image that are not visible in the first period image.
The general RGB band combinations for reviewing the
images ate either false colour 5, 4, 3 or natural colour 3, 2,
1 composites.

4 See: P Lee, Gysbers JD. 2008. Recent Anthropogenic Changes within
the Inland Temperate Rainforest of British Columbia: Interim Report
(A Global Forest Watch Canada Report). Edmonton, Alberta: Global
Forest Watch Canada. 49 pp.

Another analyst then reviews the completed product and
interprets the image again for any inclusions or exclusions
that should not form part of the dataset. Areas where
there is a discrepancy in interpretation are discussed and
resolved by the analysts.

Data used for change analysis study

The primary source of remote sensing imagery used

for our change analysis work is Landsat TM scenes. We
used a total of 73 image pairs for Alberta, ranging in
dates from 1988 to 1993 and from 2001 to 2007. The
Landsat products we use are precision geocorrected to
ground control points for positional accuracy. Image pairs
were further synchronized to ensure that there was not
positional discrepancy between the images.

When performing Landsat analyses that span large regions,
it is sometimes necessary to use Landsat images that differ
in capture dates. Due consideration was also given to
ensure that images have as little cloud as possible to enable
a proper analysis.
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List of species (reptiles and amphibians, mammals, birds) used in
species diversity analysis (Map Section C)

A. Reptiles (46)

(i) Common Reptiles (33)

Atlantic Ridley Lepidochelys kempi

northern brown snake Storeria dekayi dekayi
Butler’s garter snake Thamnophis butleri
common garter snake Thammnophis sirtalis
common snapping turtle Chelydra serpentina
eastern tibbon snake Thammnophis sanritus
eastern box turtle Terrapene caolina

fox snake Elaphe vulpina

gopher snake Pituophis melanolencus

green turtle Chelonia mydas

map turtle Graptemys geographica

milk snake Lampropeltis triangulum

night snake Hypsiglena torquata

northern alligator lizard Gerrhonotus coerulens
northern water snake Nerodia sipedon
northwestern garter snake Thamnophis elegans
painted turtle Chrysemys picta

plains garter snake Thamnophis radix

queen snake Regina septemvitta

racer Coluber constrictor

redbelly snake Storeria occipitomacniata
ringneck snake Diadophis punctatus

rubber boa snake Charina bottae

sharptail snake Contia tenuis

short-horned lizard Phrynosoma donglassi
smooth green snake Opheodrys vernalis
stinkpot Sternotherns odoratus

timber rattlesnake Crofalus horridus

western skink Ewumeces skiltonianus

western rattlesnake Crotalus viridis

western garter snake Thamnophis elegans
western pond turtle Clemmys marmorata
western hognose snake Heterodon nasicus

(ii) Endangered Reptiles (2)

blue racer Coluber constrictor foxi
Lake Erie water snake Nerodia sipedon insularum

(iii) Threatened Reptiles (4)

eastern massasauga rattlesnake Sistrurus catenatus

Blanding’s turtle (Nova Scotia) Emzydoidea blandingi

spiny softshell turtle Trionyx spiniferus
black rat snake Elaphe obsoleta obsoleta

(iv) Vulnerable Reptiles (7)

eastern hognose snake Heferodon platyrbinos
eastern short-horned lizard Phrynosoma donglassi

eastern yellow-bellied racer Coluber constrictor flaviventris

northern prairie skink Eumeces septentrionalis
spotted turtle Clemmys guttata

wood turtle Clezmmys insculpta

five-lined skink Euwmeces fasciatns

B. Amphibians (46)
(i) Common Amphibians (38)

American toad Bufo americanus

blue spotted salamander Ambystoma laterale
bullfrog Rana catesbeiana

clouded salamander _Aweides ferrens

diploid grey treefrog Hpyla chrysoscelis

northern dusky salamander Desmognathus fuscus
eastern newt INofophthalmuns viridescens
eschscholtz’s salamander Ewsatina eschscholtzii
eastern redback salamander Plethodon cinerens
four-toed salamander Hewmidactylinm scutatum
green frog Rana clamitans

great plains toad Bufo cognatus

jefferson salamander Awbystoma jeffersonianum
long-toe salamander _Awbystoma macrodactylum
mink frog Rana septentrionalis

mudpuppy Necturus maculosus

northern leopard frog Rana pipiens

northern cricket frog Aeris crepitans
northwestern salamander Ambystoma gracite
pacific tree frog Hyla regilla

pickerel frog Rana palustris

plains spadefoot toad Spea bombifrons
red-legged frog Rana anrora

roughskin newt Taricha grannlosa

spotted frog Rana pretiosa

spring peeper  Pseudacris crucifer

spring salamander Gyrinophilus porphyriticus
striped chorus frog Pseudacris maculata

tailed frog Ascaphus truei

tetraploid grey treefrog Hyla versicolor

tiger salamander Ambystoma tigrinum

northern two-lined salamander Eurycea bislineata
western toad Bufo boreas

wood frog Rana sylvatica

Woodhouse’s toad Bufo woodhousei

western redback salamander Plethodon vebiculum
yellow-spotted salamander _Awbystoma aculatum

(ii) Endangered Amphibians (2)

Blanchard’s cricket frog Acris crepitans blanchardi
northern leopard frog (B.C. pop.) Rana pipiens



(iii) Threatened Amphibians (0)

(iv) Vulnerable Amphibians (7)

Fowler’s Toad Bufo fowleri

Pacific giant salamander Dicamptodon tenebrosus
smallmouth salamander Awmbystoma texcanum
northern leopard frog Rana pipiens

coeurd’Alene salamander Plethodon idahoensis
mountain dusky salamander Desmognathus orcophaens
great basin spadefoot toad Spea intermontanus

C. Mammals (152)
(i) Common Mammals (123)

Virginia opossum  Didelphis virginiana
masked shrew Sorex cinerens

dusky shrew Sorex obscurus

vagrant shrew Sorex vagrans

American water shrew Sorex palustris
Bendire’s shrew Sorex bindirii

smokey shrew Sorex fumens

Arctic shrew Sorex arcticus
Trowbridge’s shrew Sorex trowbridgii
pigmy shrew Microsorex hoyi
short-tailed shrew Blarina brevicanda
least shrew Cryptotis parva

American shrew-mole Nezirotrichus gibbsii
Pacific coast mole Scapanus orarius
hairy-tailed mole Parascalops breweri
star-nosed mole Condylura cristata

little brown bat Myotis lucifugus

Yuma bat Myotis yumanensis

Keen’s bat Myotis eenii

long-eared bat Myotis evotis
long-legged bat Myotis volans
California bat Myotis californicus
small-footed bat Myotis leibii
silver-haired bat Lasionycteris noctivagans
Townsend’s big-eared bat Plecotus townsendii
eastern pipistrelle Pipistrellus subflavus
big brown bat Eptesicus fuscus

evening bat Nycticeiuns humeralis

red bat Lasiurus borealis

hoary bat Lasiurus cinerus

big free-tailed bat Tudarida macrotis
American pika Ochotona princeps
eastern cottontail Sylilagus floridanus
snowshoe hare Lepus americanus

Arctic hare Lepus arcticus

white-tailed jack rabbit Lepus townsendii
mountain beaver Aplodontia rufa
eastern chipmunk Tamias striatus

least chipmunk Eutamias ninimus
yellow pine chipmunk Ewfamias amoenus

Townsend’s chipmunk Entamias townsendii

red-tailed chipmunk Euwfamias ruficandus

woodchuck Marmota monax

yellow-bellied marmot Marmota flaviventris

hoary marmots Marmota caligata

Richardson’s ground squirrel Spermophilus richardsonii
Columbian ground squirrel Spermophilus columbianns
Arctic ground squirrel Spermophilus parryii

thirteen-lined ground squirrel Spermophilus tridecemlineatus

Franklin’s ground squirrel Spermophilus franklinii
golden-mantled ground squirrel Spermophilus lateralis
grey or black squirrel Seinrus carolinensis

fox squirrel Sciurus niger

American red squirrel Tamiascinrus hudsonicus
Douglas’s squirrel Tamiascinrus donglasii
northern flying squirrel Glaucomys sabrinus
northern pocket gopher Thomomys talpoides
olive-backed pocket mouse Perognathus fasciatus
great basin pocket mouse Perognathus parvus
American beaver Castor canadensis

deer mouse  Peromyscus maniculatus

Sitka mouse  Peromyscus sitkensis

white-footed mouse Peromyscus leucopus

Cascade deer mouse Peromyscus oreas

northern grasshopper mouse Omnychomys lencogaster
bushy-tailed wood rat Neotoma cinerea
red-backed vole Clethrionomys rutilus

western red-backed vole Clethriononys occidentalis
Gapper’s red-backed vole Clethrionomys gapperi
brown lemming Lenmus lemmns

southern bog lemming Synaptomys cooperi
northern bog lemming Synaptomys borealis
heather vole Phenacomys intermedins

collared lemming Dicrostonyx torquatus

Ungava lemming Dicrostonyx budsonins

Muskrat Ondrata zibethicus

sagebush vole Lagurus curtatus

Richardson’s water vole _Arvicola richardsoni
prairie vole Microtus ochrogaster

singing vole Microtus miinrus

meadow vole Microtus pennsylvanicus

Monane vole Microtus montanus

Townsend’s vole Microtus townsendii

tundra vole Microtus oecononus

long-tailed vole Microtus longicandus

rock vole Microtus chrotorrhinus
chestnut-cheecked vole Microtus sxcanthognathus
creeping vole Microtus oregoni

Pacific jumping mouse Zapus trinotatus

western jumping vole mouse Zapus princeps
meadow jumping vole mouse Zapus hudsonins
woodland jumping vole mouse Napacogapus insignis
American porcupine Erethigon dorsatum

coyote Canis latrans

wolf  Canis lupus
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Arctic fox Alopex lagopus

red fox Vulpes vulpes

American black bear Ursus americanus
Raccoon Procyon lotor

American marten Martes americana
Fisher Martes pennanti

Ermine Mustela erminea

long-tailed weasel Mustela frenata
least weasel Mustela nivalis

American mink Mustela vison
Wolverine Gulo gulo

American badger Taxidea taxus
western spotted skunk Spilogale gracilis
Striped skunk Mephitis mephitis

river otter Lontra canadensis

cougar Felis concolor

lynx Lynx nx

bobcat Lynx rufus

caribou Rangifer tarandus

mule deer Odocoilens hemionus
white-tailed deer Odocoilens virginianus
moose _Alces alces

wapiti Cervus elaphus

pronghorn Awntilocapra americana
mountain goat Oreamnos americanus
muskox  Quvibos moschatus

bighorn sheep Ouvis canadensis

Dall’s sheep Ouvis dalli

(ii) Endangered Mammals (5)

Peary Banks Island Rangifer tarandus pearyi

Peary High Arctic Rangifer tarandus peary:
Vancouver Island marmot Marmota vancouverensis
Marten (Newfoundland) Martes americana
Wolverine (eastern population) Gulo gulo

(iii) Threatened Mammals (5)

Wood bison Bison bison athabascae

Caribou (Llow Arctic Peary) Rangifer tarandus pearyi
Woodland caribou  Rangifer tarandus caribou
Townsend’s mole Scapanus townsendii

Pacific water shrew Sorex bendirii

(iv) Vulnerable Mammals (19)

Black Tailed Prairie Dog Cynomys ludovicianus
Eastern Mole Scalopus aguaticus
Fringed Bat Myotis thysanodes

Gaspé Shrew Sorex gaspensis

Grey fox Urocyon cinereoargentens
Grizzly bear Ursus arctos

Keen’s Long-eared bat Myotis keenii
Nuttall’s cottontail Sylilagus nuttallii
Otd’s Kangaroo rat Dipodomys ordii
Pallid bat _Antrozous pallidus

Plains pocket gopher Geomys bursarins
Polar bear Ursus maritinius

Southern flying squirrel Glancomys volans

Spotted bat Euwuderma macnlata

Western harvest mouse Reithrodontomys megalotis
Woodland caribou Rangifer tarandus caribon

Queen Charlotte’s ermine  Mustela erminea haidarum
New Foundland wolverine Gulo gulo

Woodland vole Microtus pinetorum

D. Birds (383)

(i) Common Birds (342)

American Black Duck Anas rubripes
Green-winged Teal Anas crecca

Alder Flycatcher Empidonax alnorum
American Avocet Recurvirostra americana
American Bittern Bofaurus lentiginosus
American Coot Fulica americana

American Crow Corvus brachyrhynchos
American Dipper Cinclus mexicanns
American Goldfinch Carduelis tristis
American Kestrel Falo sparverius
American Redstart Setophaga ruticilla
American Robin Turdus migratorins
American Wigeon _Anas americana
American Woodcock Scolopax: minor
Anna’s Hummingbird Cahpte anna

Arctic Tern Sterna paradisea

Atlantic Brant Branta bernicla

American Tree Sparrow Spizella arborea
American White Pelican Pelecanus erythrorhynchos
Bald Eagle Haliacetus lencocephalus

Barrow’s Goldeneye Becephala islandica
Baird’s Sparrow _Awmmodramus bairdii

Bank Swallow Riparia riparia

Barn Swallow Hirundo rustica

Baird’s Sandpiper Calidris bairdii
Black-and-White Warbler Muniotilta varia
Black-billed Cuckoo Coeeyzus erythopthalmus
Black-billed Magpie Pica pica

Black-bellied Plover Pluvialis squatarola
Buft-breasted Sandpiper Tryngites subruficollis
Bay-breasted Warbler Dendoica castanea
Black-backed Woodpecker Picoides arcticus
Black-capped Chickadee Parus atricapillus
Black-crowned Night Heron Nyeticorax nycticorax
Barred Owl S#rix varia

Belted Kingfisher Ceryle aleyon

Bewick’s Wren Thromanes bewickii
Blue-gray Gnatcatcher Polioptila caerulea
Brown-headed Cowbird Molothrus ater
Black-headed Grosbeak Pheuticus melanocephalus
Blackburnian Warbler Dendroica fisca

Blue Jay Cyanocitta cristata

Blackpoll Warbler Dendroica striata



Black Scoter Melanitta nigra

Black Swift Cypseloides niger

Black Tern Chlidonias niger

Blue Grouse Dendragapus obscurns
Bobolink Dolichonyx oryzivorus

Boreal Chickadee Parus hudsonicus
Bonaparte’s Gull Larus philadelphia

Boreal Owl _Aegolius funerens

Bohemian Waxwing Bombycilla garrulus
Brandt’s Cormorant Phalacrocorax penicillatus
Brewer’s Blackbird Euphagus cyanocephalus
Brown Creeper Certhia americana

Brewer’s Sparrow Spigella breweri

Brown Thrasher Toxostoma rufum
Black-throated Blue Watbler Dendroica caerulescens
Black-throated Green Warbler Dendroica virens
Band-tailed Pigeon Columba fasciata
Black-throated Gray Watbler Dendroica nigrescens
Bufflehead Bucephala albeola
Broad-winged Hawk Buteo platypterus
Blue-winged Teal _Anas discors
Blue-winged Warbler Vermivora pinns
Cassin’s Finch Carpodacus cassinii

Canada Goose Branta canadensis
California Gull Larus californicus

Calliope Hummingbird Stellula calliope
Canvasback Aythya valisineria

Canyon Wren Catherpes mexicanus

Canada Warbler Wilsonia canadensis
Carolina Wren Thryothorus ludovicianns
Chestnut-backed Chickadee Parus rufescens
Chestnut-collared Longspur Calearins ornatus
Clay-colored Sparrow Spizella pallida
Cedar Waxwing Bombycilla cedrorum
Chipping Sparrow Spizella passerina
Chimney Swift Aeronantes saxatalis
Cinnamon Teal Anas cyanoptera

Clark’s Grebe _Aechmophorus clarkii

Clark’s Nutcracker Nucifraga columbiana
Clitt Swallow Hirundo pyrrhonota

Cape May Warbler Dendroica tigrina
Common Bushtit Psaltriparus ninimus
Common Goldeneye Bucephala clangula
Common Grackle Quiscalus quiscnla
Cooper’s Hawk _Accipiter cooperii

Common Loon Gavia immer

Common Merganser Mergus merganser
Common Moorhen Gallinula chloropus
Common Nighthawk Chordeiles minor
Connecticut Warbler Oporornis agilis
Common Poorwill Phalaenoptilus nuttalii
Common Raven Corvus corax

Common Redpoll Carduelis flammea
Common Snipe Gallinago gallinago
Common Tern Sterna bhirundo

Common Yellowthroat Geothlypis trichas
Common Ringed Plover Charadrins biaticula
Chestnut-sided Warbler Dendroica pensylvanica
Chuck-will’s-widow Caprinulgus carolinensis
Double-crested Cormorant Pelecanus erythorhynchos
Dark-eyed Junco Junco hyemalis

Dickcissel Spiza americana

Downy Woodpecker Picoides pubescens

Dusky Flycatcher Empidonax oberbolseri
Dunlin Calidris alpina

Eastern Bluebird Sialia sialis

Eared Grebe Podiceps nigricollis

Eastern Kingbird Tyrannus tyrannus

Eastern Meadowlatk Sturnella magna

Eastern Phoebe Sayornis phoebe

Eastern Screech Owl Otus asio

Eastern Wood-Pewee Contopus sordidulns
Evening Grosbeak Coccothraustes vespertinus
Field Sparrow Spizella pusilla

Fox Sparrow Passerella iliaca

Forster’s Tern Sterna forsteri

Franklin’s Gull Larus pipiscan

Gadwall _Anas strepera

Great Crested Flycatcher Myiarchus crinitus
Golden-crowned Kinglet Regulus satrapa
Golden-crowned Sparrow Zonotrichia atricapilla
Gray-cheeked Thrush Catharus mininus
Great Gray Owl Strix nebulosa

Great Horned Owl Bubo virginianus
Glaucous Gull Larus hyperborens
Green-backed Heron Butorides striatus
Golden Eagle Aguila chrysaetos

Gray Jay Perisoreus canadensis

Gray Catbird Dumetella carolinensis

Greater Scaup Aythya marila

Grasshopper Sparrow Ammodramus savannarum
Greater Yellowlegs Tringa melanolenca

Great Blue Heron Ardea herodias

Greater White-fronted Goose _Awnser albifrons
Golden-winged Warbler Vermivora chrysoptera
Gyrfalcon Faleo rusticolus

Hammond’s Flycatcher Empidonax hammondii
Harlequin Duck Histrionicus histrionicus
Harris’ Sparrow Zonotrichia quernla

Hairy Woodpecker Picoides villosus

Herring Gull Larus argentatus

Hermit Thrush Catharus guttatus

House Finch Carpodacus mexicanns

Horned Grebe Podiceps anritus

Horned Lark Eremophila alpestris

Hooded Metganser Laophodytes cucullatns
Hoary Redpoll Carduelis hornemanni

House Wren Troglodytes troglodytes

Hudsonian Godwit Limosa haemastica
Hutton’s Vireo Vireo huttoni



Iceland Gull Larus glancoides

Indigo Bunting Passerina cyanea

Killdeer Charadrius vociferus

Lapland Longspur Calcarius lapponicus
Lark Bunting Calamospiza melanocorys
Lark Sparrow Chondestes grammacus
Lazuli Bunting Passerina amoena
Long-billed Dowitcher Lzznodromus scolopacens
Le Conte’s Sparrow _Ammodramus leconteii
Least Flycatcher Empidonas minimuns
American Golden-Plover Pluvialis dominica
Long-eared Owl _Asio otus

Least Sandpiper Calidris minutilla

Lesser Scaup Aythya affinis

Lewis” Woodpecker Melanerpes lewis
Lesser Yellowlegs Tringa flavipes
Lincoln’s Sparrow Melospiza lincolnii
Loggerhead Shrike Lanins ludovicianus
Lesser Snow Goose Chen caerulescens
Marbled Godwit Limosa fedoa

Mallard Anas platyrhynchos

Magnolia Warbler Dendroica magnolia
Marsh Wren Cistothorus palustris
McCown’s Longspur Calcarius mecownii
Mew Gull Larus canus

Metlin Falco columbarins

MacGillivray’s Warbler Oporornis tolniei
Mountain Bluebird Sialia currucoides
Mountain Chickadee Parus gambeli
Mourning Dove Zenaida macroura
Mourning Warbler Oporornis philadelphia
Nashville Warbler 1Vermivora ruficapilla
Northern Cardinal Cardinalis cardinalis
Northwestern Crow Corvus canrinus
Northern Flicker Colaptes anratus
Northern Goshawk _Accipiter gentilis
Northern Harrier Circus cyaneus
Northern Hawk Owl Swurnia ulula
Northern Mockingbird Minmus polyglottos
Nortthern Otiole Ieterus galbula
Northern Parula Parula americana
Northern Pintail Anas acuta

Nortthern Pygmy-Owl Glancidinm gnoma
Northern Waterthrush Seiurus noveboracensis
Northern Wheatear Oenanthe oenanthe

Northern Rough-winged Swallow Stelgidopteryx serripennis

Northern Shoveler Anas chypeata
Nortthern Shrike Lanius excubitor
Northern Saw-whet Owl _Aegolius acadicus
Orange-crowned Warbler Vermivora celata
Oldsquaw Clangnla hyemalis

Otchard Oriole Icterus spurins

Olive-sided Flycatcher Contopus borealis
Osprey Pandion haliaetus

Ovenbird Seiurus anrocapillus

Pacific Loon Gavia pacifica

Pied-billed Grebe Podilynibus podiceps
Peregrine Falcon Faleo peregrinus

Pectoral Sandpiper Calidris melanotos
Philadelphia Vireo Vireo philadelphicus

Pine Grosbeak Pinicola enucleator

Pine Siskin Cardnelis pinus

Pine Warbler Dendroica pinus

Pileated Woodpecker Dryocopus pileatns
Palm Warbler Dendroica palmarum

Prairie Falcon Falco mexicanus

Purple Finch Carpodacus purpureus

Purple Martin Progne subis

Purple Sandpiper Calidris maritima

Pygmy Nuthatch Sitta pygmacea
Rose-breasted Grosbeak Pheuticus ludovicianus
Ring-billed Gull Larus delawarensis
Red-breasted Merganser Mergus serrator
Red-breasted Nuthatch Sitta canadensis
Red-breasted Sapsucker Sphyrapicus ruber
Red-bellied Woodpecker Melanerpes carolinus
Ruby-crowned Kinglet Regulus calendnla
Red Crossbill Loxia curvirostra

Redhead Aythya americana

Red Knot Calidris canutus

Red Phalarope Phalaropus fulicaria
Red-eyed Vireo Vireo olivacens
Rough-legged Hawk Buteo lagopus
Ring-necked Duck Aythya collaris
Red-necked Grebe Podiceps grisegena
Red-necked Phalarope Phalaropus lobatus
Red-naped Sapsucker Sphyrapicus nuchalis
Rock Ptarmigan Lagopus mutus

Rock Wren Salpinctes obsoletus
Rufous-sided Towhee Pipilo erythrophthalnius
Red-tailed Hawk Buteo jamaicensis
Ruby-throated Hummingbird _Archilochus colubris
Red-throated Loon Gavia stellata

Rusty Blackbird Ewuphagus carolinus

Ruddy Duck Oxyura jamaicensis

Rufted Grouse Bonasa umbellus

Rufous Hummingbird Selasphorus rufus
Ruddy Turnstone _Arenaria interpres
Red-winged Blackbird _Agelaius phoenicens
Sandhill Crane Grus canadensis

Sage Grouse Centrocercus nropbasianus
Sabine’s Gull Xewa sabini

Sanderling Calidris alba

Say’s Phoebe Sayornis saya

Savannah Sparrow Passerculus sandwichensis
Short-billed Dowitcher Limnodromus griseus
Scarlet Tanager Piranga olivacea
Semipalmated Plover Charadrins semipalmatus
Semipalmated Sandpiper Calidris pusilla
Sedge Wren Cistothorus platensis



Sharp-tailed Grouse Tympanuchus phasianellus
Siberian Tit Parus cinctus

Smith’s Longspur Calearius pictus

Snow Bunting Plectrophenax nivalis

Snowy Owl Nyetea scandiaca

Sora Porzana carolina

Solitary Sandpiper Tringa solitaria

Song Sparrow Melospiza melodia

Solitary Vireo Vireo solitarins

Spruce Grouse Dendragapus canadensis
Sprague’s Pipit Anthus spragueii

Spotted Sandpiper Actitus macularia
Sharp-shinned Hawk _Accipiter striatus
Stellar’s Jay Cyanocitta steller

Stilt Sandpiper Calidris himantopus
Sharp-tailed Sparrow _Ammodramus candacutus
Surtbird Aphriza virgata

Surf Scoter Melanitta perspicillata
Swainson’s Hawk Buteo swainsoni

Swamp Sparrow Melospiza georgiana
Swainson’s Thrush Catharus ustulatus
Tennessee Warbler Vermivora peregrina
Townsend’s Solitairte Myadestes townsendi
Townsend’s Warbler Dendroica townsends
Tree Swallow Tachycineta bicolor
Trumpeter Swan Cygnus buccinator
Three-toed Woodpecker Picoides tridactylus
Tufted Titmouse Parus bicolor

Turkey Vulture Cathartes anra

Upland Sandpiper Bartramia longicanda
Vaux’s Swift Chaetura vanxi

Varied Thrush Ixoreus naevins

Veery Catharus fuscescens

Vesper Sparrow Pooecetes graminens
Violet-green Swallow Tachycineta thalassina
Viginia Rail Ra/lus limicola

American Pipit Anthus rubescens
Wandering Tattler Heteroscelus incanus
Warbling Vireo 1ireo gilvus
White-breasted Nuthatch Si#a carolinensis
White-crowned Sparrow Zonotrichia leucophrys
Western Bluebird Sialia mexicana
Pacific-slope Flycatcher Empidonax difficilis
Western Grebe _Aechmophorus occidentalis
Western Kingbird Tyrannus verticalis
Western Meadowlark Sturnella neglecta
Western Screech Owl Otus kennicottii
Western Tanager Piranga lndoviciana
White-eyed Vireo Vireo griseus

Western Wood-Pewee Contgpus sordidulns
Whimbrel Numenins phaeopus

Tundra Swan Cygnus columbianus

White-headed Woodpecker Picoides albolarvatus

Willow Flycatcher Ewmpidonax trailii
Willet Catoptrophorus semipalmatus

Wilson’s Phalarope Phalaropus tricolor
Willow Ptarmigan Lagopus lagopus
Williamson’s Sapsucker Sphyrapicus thyroidens
Wilson’s Warbler Wilsonia pusilla

Winter Wren Troglodytes troglodytes

Wood Duck Aix sponsa

Wood Thrush Hylocichla mustelina
Whip-poor-will  Caprimulgus vociferus
White-rumped Sandpiper Calidris fuscicollis
White-throated Sparrow Zonotrichia albicollis
White-throated Swift Aeronantes saxatalis
White-winged Crossbill Loxza lencoptera
White-winged Scoter Melanitta fusca
Yellow-breasted Chat Icteria virens
Yellow-billed Cuckoo Coccyzus americanus
Yellow-bellied Flycatcher Ewmpidonax flaviventris
Yellow-billed Loon Gavia adamsii
Yellow-bellied Sapsucker Sphyrapicus varius
Yellow Rail Coturnicops noveboracensis
Yellow-headed Blackbird Xanthocephalus anthocephalus
Yellow-rumped Warbler Dendroica coronata
Yellow-throated Vireo 1Vireo flavifrons
Yellow Wagtail Motacilla flava

Yellow Warbler Dendroica petechia

(iii) Endangered Birds (14)

whooping crane Grus americana

northern bobwhite Colinus virginianus
harlequin duck Histrionicus bistrionicus

anatum peregrine falcon Falo peregrinus anatum
acadian flycatcher Empidonax virescens
burrowing owl Athene cunicularia

spotted owl Strix occidentalis

mountain plover Charadrius montanus

piping plover Charadrius wilsonia

king rail Rallus elegans

loggerhead shrike (Eastern) Lanins ludovicianus
Henslow’s sparrow _Ammodramus benslowii

sage thrasher Oreoscoptes montanus
prothonotary warbler Protonotaria citrea

(iv) Threatened Birds (7)

Yellow-breasted chat (B.C.) Icteria virens

sage grouse (Prairie) Centrocercus urophasianus
marbled murrelet Brachyramphus marmoratus
loggerhead shrike (Prairie) Lanins lndovicianus
roseate tern Sterna dongallii

hooded watbler Wilsonia citrina

white-headed woodpecker Picoides albolarvatus

(iv) Vulnerable Birds (20)

Ancient Murrelet Synthliboramphus antiquus
Barn Owl Ty alba

Caspian Tern Sterna caspia

Cerulean Warbler Dendroica cernlea



Ferruginous Hawk Buzeo regalis

Flammulated Owl Ofus flammeolus

Ivory Gull Pagophila eburnea

Least Bittern Ixobrychus exilis

Long-billed Curlew Numenins americanus
Louisiana Waterthrush Seiurus motacilla

Pacific Great Blue Heron _Ardea herodias fannini
Peale’s Peregrine Falcon Falo peregrinus pealei
Prairie Warbler Dendroica discolor

Queen Charlotte Goshawk _Accipiter gentilis laingi
Red-headed Woodpecker Melanerpes erythrocephalus
Red-shouldered Hawk Buteo lineatus

Ross” Gull Rhodostethia rosea

Short-eared Owl Asio flammens

Tundra Peregrine Falcon Faleo peregrinus tundrins
Yellow-breasted Chat Icteria virens



A key principle of Global Forest Watch Canada is

that transparency and accountability are essential for
developing improved forest management. In the interest
of promoting open, public, and transparent information
policies, major Global Forest Watch Canada projects
include a review process and the publication of a summary
of the major comments provided by the reviewers,
including how these comments were addressed.

We sent out invitations to review the preliminary
methodologies and draft results for our Alberta Atlas
project (Parts I and II) to academic experts as well as
to representatives from government, industry, ENGOs,
and First Nations groups. As this project is part of a
larger national project, project sub-components were
also previously sent for review to over 200 additional
individuals, agencies and organizations. The major
criticisms of previous sub-components are addressed
in our publications available at www.globalforestwatch.
ca.! We made a number of changes to our original
methodologies based on the comments we received.

For the Alberta two-part atlas specifically, we sent out 123
review invitations, and also posted a review invitation to
the general public on the front page of our website. The
review materials were available for a two month period.

1 For examples: Cheng R, Lee P. 2008. Urban Sprawl and Other Major
Land Use Conversions in Ontario’s Greenbelt From 1993 to 2007: A
Change Analysis Project Using Satellite Imagery. Report to the David
Suzuki Foundation and the Greenbelt Foundation. Edmonton, Alberta:
Global Forest Watch Canada. 33 pp; Lee P, Gysbers JD. 2008. Recent
Anthropogenic Changes within the Inland Temperate Rainforest of
British Columbia: Interim Report. Edmonton, Alberta: Global Forest
Watch Canada. 49 pp; Stanojevic Z, Lee P, Gysbers JD. 2006. Recent
Anthropogenic Changes within the Northern Boreal, Southern Taiga,
and Hudson Plains Ecozones of Québec. Edmonton, Alberta: Global
Forest Watch Canada. 63 pp; Stanojevic Z, Lee P, Gysbers JD. 2006.
Recent Anthropogenic Changes within the Boreal Plains Ecozone of
Saskatchewan and Manitoba: Interim Report. Edmonton, Alberta:
Global Forest Watch Canada. 44 pp; Lee P. 2007. Recent Anthropogenic
Changes within the Boreal Forests of Ontario and Their Potential
Impacts on Woodland Caribou. Edmonton, Alberta: Global Forest
Watch Canada. 51 pp; Lee P, Gysbers JD, Stanojevic Z. 2006. Canada’s
Forest Landscape Fragments: A First Approximation. Edmonton,
Alberta: Global Forest Watch Canada. 97 pp.

CRECES Ul YRR L RS WET RUDLRT ST I RN TR

Appendix B. Review

We received 43 responses from the invited reviewers, and
also received very helpful advice from a number of experts
during our development of the methodology.

Most of those who provided feedback found our Alberta
atlas to be suitable for publication, particularly in light

of the Alberta Government’s new Land-use Framework;
the remaining respondents did not raise any concerns or
objections to publication. Several respondents also felt that
our creation and compilation of data will prove to be very
useful and should be made widely available, including the
hemispheric and global data used to provide context and
petrspective.

There were two major criticisms of our project:
(1) Much more detail and analysis is desirable, and;

(2) The identification of Where is the Best of What’s Left?
through the use of conservation and threats indices and
maps need to be emphasized as limited and illustrative-
only.

Our responses (in italics) to these and other criticisms and
suggestions are noted on the following pages.
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Interest in more detail

Species:

Canada lynx: Mention how population fluctuations relate
to hare cycles.

We did not attempt to analyze all the specific causes of the
changes in Alberta’s lynx populations, but simply mapped
the changes where information was available and included
text from the most recent scientific literature that linked lynx
population declines with human activity.

Birds: Other birds should be included.

We agree that other bird species might be added to our list
of 20 species. Further analysis and consultation with experts
might have generated a larger list of the bird species that
occur in Alberta that are indicators of possible declines related
to human activity in summer range. The species we selected
for our mapping are those listed as high priority North
American birds at risk with ranges in Alberta’s forest ecozones
(ten species), birds documented to be declining in Alberta’s
forest ecozones and which are sensitive to industrial activities
(five species), and bird species listed “at risk” by the Alberta
Government and that occur in forest ecozones (ten species).

Fish: Point out that the long term protection of bull
trout has not resulted in their recovery; mention rainbow
trout (the population in the headwaters of the Athabasca
River are the only rainbows native to Alberta and part

of an Arctic drainage — most rainbows are in the Pacific
drainage) and cutthroat trout (Department of Fisheries
and Oceans are considering listing them as a species at
risk); mention that Arctic grayling populations have been
decimated by angling pressure.

Although we have a included a lot of information on fish in
the atlas, there is of course much more information that could
have been included. We provide map information on only
three species in the interest of conciseness and yet to provide
an indication of some of the range of problems related to
what is happening to Alberta’s fisheries.

Species range maps: Include the clarification that there is
not suitable habitat within the species’ ranges as mapped,
irrespective of human use.

We did not have geospatial information on suitable habitat
within the species ranges that we included. Much of that
information does not exist. But we do acknowledge that not
all of the range of a species contains suitable habitat, whether
or not humans have had an impact.

Industrial activities:

Agriculture: Clarify the different environmental effects
of various agricultural activities; identify the threat of
unprotected riparian areas along fish bearing streams and
the contribution of agriculture to silt loads.

We did not seek to analyze and document the environment
effects of agriculture but rather to simply spatially document
where major agricultural activities take place.

Forestry: Mention the provincial legislation and policies
which control activities; identify threats to unprotected
riparian areas along fish bearing streams, contribution of
logging to silt loads; annual spraying with glyphosate.

We did not attempt to analyze and document the
environment effects of forestry activities in relation to the
effectiveness of existing legislation and policies; rather we
intended to simply spatially document where major logging
activities take place.

Bitumen extraction: Document the dead ducks incident
at the bitumen sands industrial facilities.

This incident is now noted in the information box on Coalbed
Methane Fracturing (Part Il, Series D1) where the number of
contraventions, complaints and infractions in comparison to
the paucity of enforcement actions concerning the bitumen
sands are mentioned.

Coal: Include an overview and maps of (a) total surface
area controlled by each company, (b) area disturbed by
active mining, (c) area reclaimed and issued reclamation
certificates and (d) effects on species such as fish and
bighorn sheep and (e) variable depths of overburden,
thickness of coal seams and difference between
metallurgical and thermal coal.

These are important details but are beyond our capacity
to address and beyond the scope of this project given our
timelines and funding.

Coalbed methane: Include information on water disposal
problems.

This is an important detail but is beyond our capacity to
address and beyond the scope of this project given our
timelines and funding.

Impacts on fisheries and watersheds: Logging,
agriculture and petroleum activities need to show impacts
of roads on fish and on watersheds (e.g,, hanging culverts).
The data may not exist but the absence of any records
should be noted.

We considered including this information as recent media
andscientific reports have noted that close to 50% of all
stream crossings built by forestry and oilpatch companies
in Alberta revealed problems with fisheries.? However, we
could not readily locate geospatial data and the Alberta

2 (1) H. Brooymans. Feb 21 2009. Oilpatch faulted for water woes:
Province orders companies to repair problematic creek, stream
crossings in Edson, Hinton areas. Edmonton Journal. Available at:
http:/ /www.edmontonjournal.com/Technology/Oilpatch+faulted+
water+woes/1315095/story.html; (2) Park D, M Sullivan, E Bayne, G
Scrimgeour. 2008. Landscape-level stream fragmentation caused by
hanging culverts along roads in Alberta’s boreal forest. Can. ]. For. Res.
38: 566-575.



Government would not readily release details on their surveys
on this topic.

Environmental violations: List the companies that have
violated the Provincial (e.g., public lands and forest acts)
and federal legislation (e.g,, fisheries, migratory birds).

There have been so few enforcement actions in comparison
to the number of contraventions, complaints and infractions
that it did not seem to us to be meaningful to list those few
companies who were actually charged with a violation.

Dam and river diversions: Include information on the
threats due to various dams and diversion schemes and
loss of reservoir storage capacity over time.

This is an important detail but is beyond our capacity to
address and beyond the scope of this project given our
timelines and funding.

Environmental management, protection and
enhancement:

Reclamation and silvaculture policies and
government/industry studies: Include government
regulations (reclamation requirements for wellsites;
silvaculture requirements); include information about
environmental studies and initiatives by government and
industries (e.g., Alberta Biodiversity Monitoring Institute)
that deal with environmental protection.

Our intent was not to provide a compilation or analysis of all
the environmental issues and the programs and initiatives
that address them in Alberta’s forest regions. We use a
selection of ecological and threat indicators in this atlas

in order to communicate information about the state of
Alberta’s forest landscapes in general, and in intact forest
landscapes in particular, and about the impact human, mainly
industrial, activity has on components of these ecosystems.
Ecosystems are complex and indicators can help describe
them in simpler terms. Our selection of indicators is not a
comprehensive list and is not reflective, for example, of the
extent either of environmental degradation or of successes
at reductions of environmental degradation, but is simply a
selection of areas where there may be problems with data
collection methodologies and/or where there are known

or suspected high levels of some areas of environmental
degradation.

Maps:

Watersheds: Label the names of all watersheds.

For cartographic reasons (i.e. overcrowding), we did not label
each watershed unit. This information is available, however,
in the referenced datasets.

Interest in more analysis

Intactness: Stratify the analysis of intactness by ecological
(natural regions and subregions) and administrative units
(logging tenures) in order to give greater meaning to the
conservation value of the intact fragments. How does
forest fragment size play into things? Is there a minimum
viable size? What about key ecological processes--namely
hydrology, migration and fire?

Stratification of intact areas by geographic units, minimum
viable size analyses and inclusion of ecological processes are
all good suggestions and ones which should be considered for
future related research.

Sensitivity analysis of conservation values and
threats: Analyze how each data layer affects the rankings
of conservation value and threats.

This is a good suggestion for future work following additional
consideration of key ecological values and available data. We

provided the conservation and threats analysis as a rough
example of the type of analysis that may be done.

Economic values: To ensure balance and trade-offs,
include geospatial information and analysis on economic
values.

This would be very useful and informative but was beyond the
scope of this project.

How much is enough? Would it be based on total area
deferred? Or total conservation value deferred? As is,
the assessment of conservation values and threat appears
open ended.

We did not address the difficult question of “how much is
enough” as this requires further assessment of values and
threats, which was beyond the scope of this project.

Rollups of data desired: This would force critical
questions to the surface including: What is the most basic
and important unit of summary? What are the broader
regional and subregional units to describe the whole? How
do we account for data gaps, so that comparisons between
and within units are equivalent? How much would be
enough? and can we describe uncertainties/risks there-
in? How do ecological and economic value intersect one
another? How replaceable or interchangeable are planning
units?

These are all excellent suggestions and should be considered
for future related research.

Threats: Rank or prioritize future threats to Alberta in
general rather than the types of industrial activity (i.e.,
water quantity, destruction of surface lands, climate
change, water quality).

This is a good suggestion but beyond our capacity.



Interest in less detail, analyses and maps

Reduce the amount of information to ensure the reader
stays focused on key messages.

Our atlas contains too much information for some reviewers
and not enough for others. We attempted to strike a balance
between conveying a sufficient amount and variety of
information with our available time and resources.

Conservation Values Indices

Simplified overlays and rankings: The atlas likely

does not have enough detailed information on most
remaining intact areas to evaluate trade-offs in various
prioritization schemes, nor does it have very sophisticated
methodologies for dealing with these things. There is the
potential for the maps to be misused in the process of
prioritizing areas for conservation. An important example
mentioned in the report is prioritizing areas for grizzly and
catibou conservation without considering the size of areas
that must be protected.

We attempted to provide a straightforward and practical
means to illustrate a possible approach for developing
conservation indices using available data. Any ranking scheme
is open for criticism because how the ranking is set up can
strongly influence the outcome. We did attempt to note all
the important disclaimers, including those related specifically
to grizzly bear and caribou. One way of dealing with the
subjective element of ranking is a sensitivity analysis: change
the ranks and see what areas change in the final map. If little
changes, then we would have confidence that the outcome

is robust to different rankings. This should be considered for
future related research.

Threats and threats indices

Chronic wasting disease: Include information and maps
on chronic wasting disease.

There are many other threats that could be considered for
inclusion when developing threats indices. Besides chronic
wasting disease, there is back-country recreation, herbicide
spraying, riparian degradation, consumptive uses of wildlife,
military activities, amongst others. We focused on selecting
only a few indicators and we were limited in our selection of
threats by the availability of geospatial data.

Structure and flow

Watershed maps: Group all watershed maps together.

This is a good suggestion and a special section focused on
watersheds might have been warranted. However, we decided
for the sake of brevity and consistency to have the watershed
maps spread across relevant sections as the atlas is more
organized by values and threats rather than by geographic
units (such as watersheds, natural regions, logging tenures).

Small maps of the ecological values behind the high
conservation index scores: Show multiple small maps of
the ecological values behind the high conservation index

scores for a few high scoring areas (e.g., NW corner of
Alberta).

The conservation index scores are only an initial coarse
analysis. These may not include the best and most complete
selection of values. Consequently, we did not wish to focus on
them in more detail but rather the broader picture of how one
could practically approach the issue.

Provide a structure that is more easily digestible:
Ensure every map has an accompanying paragraph to
provide context for each map that is presented.

We agree that the structure of the atlas could be improved.
However, this is the first atlas publication from our Where

is the Best of What'’s Left project, and we wanted to publish

it while the material is still relevant. We have made many
improvements to how we deliver such information that will be
reflected in our soon to be published Atlas of Canada.
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activities in Canada’s forests and their environmental impacts. We are convinced that providing
greater information about Canada’s forests will lead to better decision-making on forest
management and use, which ultimately will result in forest management regimes that provide
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