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M#NONN)1*#

! ! ! ! !"# "#$%&%'$%'(! )*+(!

,-&$./! 0.123&%'./! +&4'5.2! ,(&3-!+4'%-4'&!
6$%7!

8/-#
04.(9!

:;.#
04.(9!

8/-#
04.(9!

:;.#
04.(9!

8/-#
04.(9!

:;.#
04.(9! )*+(<!

,2==-4! >-?!@&4%A! BCDE! #! #! #! #! #! #! #! #!
F'/%-4! !! !! G9GH! H9CBH! H9IHJ! ID! BKB! BBL! LD! GI!
,2==-4! >-?!@&4%A! BCDK! #! #! #! #! #! #! #! #!
F'/%-4! !! !! BK9JK! H9CEH! H9IHH! ID! II! BHI! KJ! JB!
,2==-4! >-?!@&4%A! BCDH! #! #! #! #! #! #! #! #!
F'/%-4! !! !! BH9LC! H9DKK! H9JJG! LL! IJ! BDH! KD! BKD!
,2==-4! >-?!@&4%A! BCLI! #! #! #! #! #! #! #! #!
F'/%-4! !! !! G9JD! H9GHB! H9JIK! KC! LL! CB! G! GD!
,2==-4! >-?!@&4%A! BCLC! #! #! #! #! #! #! #! #!
F'/%-4! !! !! E9HG! H9CEB! H9IKC! EE! LK! LG! L! LK!
,2==-4! >-?!@&4%A! BCLL! #! #! #! #! #! #! #! #!
F'/%-4! !! !! G9DH! H9GEG! H9JCG! DK! GG! II! KB! CJ!
,2==-4! >'(A&4?$./! BGEH! BB9DB! H9IHD! H9ICJ! KBH! KIE! EI! DI! KH!
F'/%-4! !! !! BK9KH! H9IHB! H9IGC! KHI! KHE! DE! LH! BL!
,2==-4! >'(A&4?$./! BGKI! BE9DK! H9JLG! H9IEE! BHL! CI! LL! KC! BC!
F'/%-4! !! !! G9IH! H9CCE! H9IHG! BBG! BHK! IG! EE! GE!



!"#
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! ! ! ! !"# "#$%&%'$%'(! )*+(!

,-&$./! 0.123&%'./! +&4'5.2! ,(&3-!+4'%-4'&!
6$%7!

8/-#
04.(9!

:;.#
04.(9!

8/-#
04.(9!

:;.#
04.(9!

8/-#
04.(9!

:;.#
04.(9! )*+(<!

,2==-4! >'%%3-!,=.?@! ABCD! E"! F9GGF! E"! CB! E"! DH! E"! EI)!
J'/%-4! !! !! D9CG! F9HKG! F9LDH! DB! MK! BG! AH! KL!
,2==-4! +N'/(N&O&! ABCK! AB9GK! F9MBC! F9LGB! CKF! KDL! AAK! GC! BA!
J'/%-4! !! !! AK9GH! F9HGC! F9LKD! AGK! CKA! ABL! BB! AFD!
,2==-4! +N'/(N&O&! ABCC! AC9MK! F9MHC! F9LHB! CAF! KMD! MD! BL! CB!
J'/%-4! !! !! AA9AA! F9MCG! F9LDD! CBG! CLF! ABH! GA! LB!
,2==-4! +N'/(N&O&! ABCA! CM9KG! F9MHG! F9LBA! AGL! ADC! GG! CL! KH!
J'/%-4! !! !! AG9CK! F9HAB! F9LKC! AFM! AMH! ABA! KH! AAD!
,2==-4! +N'/(N&O&! ABCF! KM9LB! F9BBA! F9LCL! DH! ABH! AGC! CF! ADC!
J'/%-4! !! !! AD9KH! F9HHF! F9LBG! AHD! KGD! AGL! GL! AFF!
,2==-4! P,)Q! ABFL! M9DH! F9HBD! F9LGF! DL! AAK! GC! AB! DH!
J'/%-4! !! !! E"! F9MGG! E"! ACL! E"! GF! E"! EI)!
,2==-4! P,)Q! ABFH! L9MF! F9GLL! F9LGG! BA! ALC! MM! CH! GA!
J'/%-4! !! !! L9MA! F9MFC! F9LGD! LH! ALG! MD! CL! BB!
,2==-4! P,)Q! ABFG! E"! F9MBF! E"! AAL! E"! BH! E"! EI)!
J'/%-4! !! !! C9DH! F9LKF! F9LHG! CBK! CKB! DC! KB! H!
,2==-4! P,)Q! ABFB! AK9KG! F9MLC! F9LBB! CKL! ALA! HA! KL! KK!
J'/%-4! !! !! AC9LF! F9MGG! F9LGC! CAD! CGA! LC! DH! DB!
,2==-4! P,)Q! ABFD! AA9DG! F9HGG! F9LBB! MC! AGK! MD! KA! BK!
J'/%-4! !! !! L9GC! F9MMF! F9LGD! ALM! CCG! HK! KL! KD!
,2==-4! Q'(N&4R$./! ADLB! AD9FH! F9MKK! F9LCH! AHL! ADK! LG! KM! BL!
J'/%-4! !! !! AC9AM! F9MMK! F9LHA! CCG! KAD! MC! DL! KK!
,2==-4! Q'(N&4R$./! ADLD! B9DA! F9LGK! F9LHL! GLL! KMA! KD! BL! CB!
J'/%-4! !! !! G9DM! F9LFD! F9LBC! KAF! CFB! HD! DB! CL!
,2==-4! Q'(N&4R$./! ADLK! L9AA! F9BKL! F9MMG! CC! DD! HL! D! HB!
J'/%-4! !! !! G9MH! F9HMM! F9LKA! AFH! ACA! MF! KH! DK!
,2==-4! Q'(N&4R$./! ADLC! CA9KB! F9MMM! F9LGC! CGA! CGK! HD! BL! AB!
J'/%-4! !! !! D9FA! F9LKL! F9LMK! DLA! BMG! BK! MC! CL!
,2==-4! Q'(N&4R$./! ADLA! #! #! #! #! #! #! #! #!
J'/%-4! !! !! D9LL! F9HAM! F9LCA! BA! HF! GK! CC! DC!
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! ! ! ! !"# "#$%&%'$%'(! )*+(!

,-&$./! 0.123&%'./! +&4'5.2! ,(&3-!+4'%-4'&!
6$%7!

8/-#
04.(9!

:;.#
04.(9!

8/-#
04.(9!

:;.#
04.(9!

8/-#
04.(9!

:;.#
04.(9! )*+(<!

,2==-4! >'(?&4@$./! ABCD! AB9EA! D9FAF! D9CEG! HG! ADG! ADD! AH! GB!
I'/%-4! !! !! AD9AHEFHJCA! D9FJH! D9CDH! ABD! AKG! ABD! KK! ADF!
,2==-4! >'(?&4@$./! ABGC! EK9FG! D9FGF! D9CBB! ABB! EDC! AEE! BJ! FF!
I'/%-4! !! !! AE9AH! D9GAJ! D9CKG! EDE! EEB! AKD! JB! FH!
,2==-4! >'(?&4@$./! ABGG! AA9DF! D9CDJ! D9CHE! EAD! AFA! JB! KD! EB!
I'/%-4! !! !! AA9FH! D9GHA! D9CJE! ACE! ACA! GF! KH! JA!
,2==-4! >'(?&4@$./! ABGH! C9KK! D9FGG! D9CDH! ADD! GD! GD! EA! JC!
I'/%-4! !! !! AJ9EF! D9GBD! D9CHE! EAD! KEJ! AAE! HB! BG!
,2==-4! >'(?&4@$./! ABGJ! AB9CG! D9GKA! D9CBB! ADK! ADG! HG! AG! JD!
I'/%-4! !! !! AA9HF! D9FGJ! D9CJA! AAF! ACK! ADE! BD! HA!
,2==-4! >'(?&4@$./! ABGB! D9CD! D9CKF! D9CBK! JAG! AGE! JH! BG! F!
I'/%-4! !! !! F9KB! D9GFH! D9CJA! KAD! EFE! ADF! HE! BJ!
,2==-4! L,)>! ABED! #! #! #! #! #! #! #! #!
I'/%-4! !! !! E9KG! D9HDC! D9CEK! AH! KE! BF! E! BJ!
,2==-4! >'(?&4@$./! ABAH! G9BH! D9FAF! D9CFE! KG! AJA! HE! AC! BK!
I'/%-4! !! !! K9HE! D9FKA! D9GHF! JE! KF! HE! H! JH!
,2==-4! M'1'$'! AEBD! B9AC! D9CAA! D9CBK! KEC! AHH! HF! BD! EG!
I'/%-4! !! !! AD9GK! D9GAA! D9CEB! EAC! EDD! AJD! BJ! ADJ!
,2==-4! +?'/(?&N&! AEKG! ED9FK! D9FGK! D9CJG! GK! AJC! FF! EC! BG!
I'/%-4! !! !! H9DC! D9HCA! D9CBG! BJ! AAD! FA! EJ! BH!
,2==-4! +?'/(?&N&! AEKF! B9DD! D9CKK! D9CFK! ACJ! ABJ! KD! EK! F!
I'/%-4! !! !! G9GD! D9JGK! D9GJD! KE! BD! GB! F! FG!
,2==-4! +?'/(?&N&! AEKH! E9AB! D9CEH! D9CJA! JAD! EJE! FJ! HD! AJ!
I'/%-4! !! !! H9HF! D9GHG! D9CEF! KAB! ACH! AAB! JK! HE!
,2==-4! +?'/(?&N&! AEKJ! M"! D9CBC! M"! KCE! M"! KD! M"! M"!
I'/%-4! !! !! C9KA! D9GJD! D9CBE! EBB! EEB! AAE! JB! JC!
,2==-4! +?'/(?&N&! AEKB! AE9CJ! D9GEJ! D9CBF! EDK! EBK! AEA! JJ! HH!
I'/%-4! !! !! B9GG! D9GCF! D9CBJ! BJK! EGF! ADG! FJ! KK!
,2==-4! +?'/(?&N&! AEKK! KH9FC! D9FFE! D9CHK! AKG! KBA! ABD! JH! GB!
I'/%-4! !! !! B9BF! D9CKJ! D9CFH! FCH! FEB! CF! AAF! ED!
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! ! ! ! !"# "#$%&%'$%'(! )*+(!

,-&$./! 0.123&%'./! +&4'5.2! ,(&3-!+4'%-4'&!
6$%7!

8/-#
04.(9!

:;.#
04.(9!

8/-#
04.(9!

:;.#
04.(9!

8/-#
04.(9!

:;.#
04.(9! )*+(<!

,2==-4! +>'/(>&?&! @ABA! #! #! #! #! #! #! #! #!
C'/%-4! !! !! D9EF! G9DBF! G9EAF! E@! @AD! @GB! BF! HI!
,2==-4! +>'/(>&?&! @AB@! #! #! #! #! #! #! #! #!
C'/%-4! !! !! F9EE! G9HII! G9EBG! JJ! IG! HH! AB! JB!
,2==-4! +>'/(>&?&! @ABG! @I9IG! G9I@E! G9EFD! @EJ! BGI! @BJ! FF! DE!
C'/%-4! !! !! I9F@! G9IDA! G9EDG! BAG! JE@! @AB! IB! J@!
,2==-4! +>'/(>&?&! @AAE! AB9FG! G9IDI! G9EFA! BAB! AIB! @@I! FF! HB!
C'/%-4! !! !! BG9B@! G9JHJ! G9EGE! JD! @DA! AAH! AD! @EE!
,2==-4! +>'/(>&?&! @AAI! @J9AJ! G9DF@! G9EBB! @BG! @EG! @JB! BE! @GF!
C'/%-4! !! !! @F9E@! G9DEG! G9EBI! ABB! BG@! @E@! HJ! @AH!
,2==-4! +>'/(>&?&! @AAD! #! #! #! #! #! #! #! #!
C'/%-4! !! !! I9E@! G9DHE! G9EAH! @AB! @JF! @GI! JA! HD!
,2==-4! +>'/(>&?&! @AAH! @D9HI! G9DEA! G9EAD! @ID! @EE! @JI! JF! @GB!
C'/%-4! !! !! @D9GH! G9DEH! G9EJD! ABJ! BJJ! @IA! DA! @@G!
,2==-4! +>'/(>&?&! @AAF! @B9IH! G9DFI! G9EBB! @AE! @IG! @BE! BJ! @GF!
C'/%-4! !! !! BB9AG! G9HFH! G9E@J! ED! @DJ! @EF! AF! @DG!
,2==-4! +>'/(>&?&! @AAJ! D9GF! G9EGG! G9EFF! BDH! AI@! EJ! H@! BB!
C'/%-4! !! !! D9AJA! G9IEF! G9EHH! JJF! JDG! @@E! EG! AI!
,2==-4! K'%%3-!,=.LM! @GEA! @G9FB! G9H@D! G9EFB! JA! @H@! @GI! AF! IB!
C'/%-4! !! !! I9HA! G9DGB! G9EFD! JF! @AD! I@! @B! HI!
,2==-4! K'%%3-!,=.LM! @GEG! I9AH! G9DIG! G9EFJ! IA! @JF! IG! AF! FJ!
C'/%-4! !! !! H9IJ! G9I@D! G9EBB! @@@! @GI! IG! @E! H@!
,2==-4! K'%%3-!,=.LM! @GIE! @B9@I! G9DBB! G9EFD! FF! @BJ! DD! AG! FI!
C'/%-4! !! !! D9FB! G9IFI! G9EHJ! @FD! A@H! DJ! BE! BF!
,2==-4! C,)N! @DJ! E9GB! G9IEE! G9EFE! BB@! AD@! IB! FD! AH!
C'/%-4! !! !! E9JH! G9IJG! G9EHG! @JD! A@G! DD! JF! BA!
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EXECUTIVE SUMMARY 

There is increasing concern about the influence of ongoing human activities on 
biodiversity and wildlife in northeastern Alberta. The Ecological Monitoring Committee 
for the Lower Athabasca (EMCLA) was established in 2010 to improving the quality of 
monitoring that takes place to fulfill wildlife and biodiversity clauses in project 
approvals. The EMCLA initiated this boreal caribou range fragmentation project to 
address uncertainty over the effects of above-ground pipelines and associated linear 
features on ungulate movement relative to other human and natural factors, and the extent 
to which linear features may affect caribou populations. This interim report provides 
conclusions on our current state of knowledge based on the preliminary literature review 
and professional judgment of expert participants who attended a workshop convened in 
May 2011. 

A network of above-ground pipelines and associated linear features (i.e., roads and 
powerlines) are required for bitumen production within in-situ development areas. The 
width and height of above-ground pipelines can represent a complete or partial barrier to 
medium to large animals. In addition, pipeline barrier effects can be compounded by the 
presence of nearby or parallel roads. Crossing structures or sections of elevated pipeline 
are provided to allow animals to cross, and successful caribou crossings at both crossing 
ramps and elevated sections have been documented in the Lower Athabasca region.  

The first objective of the caribou range fragmentation project commissioned by the 
Ecological Monitoring Committee for the Lower Athabasca region was to review and 
summarize the current state-of-knowledge regarding the influence of above-ground 
pipelines and associated linear features on caribou movement in the Lower Athabasca 
Planning Region. A simplified Impact hypothesis diagrams (IHD) was developed for this 
project (Figure E-1) to help visualize and understand the complex relationships that link 
linear features with caribou population dynamics and to provide a rigorous and 
transparent way to evaluate these cause-effect linkages. Recent syntheses suggest that the 
population-level effects of human habitat alteration and disturbance on caribou and 
reindeer are not clear, although woodland caribou local population growth appears to be 
inversely related to total disturbed footprint. 

Six key linkages were identified and discussed:  

1. Above-ground pipelines affect caribou movement. 

2. Roads affect caribou movement and distribution. 

3. Changes to movement patterns alter individual energy reserves which affects 
population dynamics (survival and reproduction). 

4. Changes to movement patterns and distribution alter predation rates. 

5. Changes in distribution and movement alter meta-population interchange 
frequency and rates. 

6. Changes in survival, reproduction, and local population size affect population 
growth rate.  
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Figure E-1. Impact Hypothesis Diagram showing linkages between linear features, other factors, and caribou population growth. 
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These linkages were concluded to be valid. Although above-ground pipelines and 
associated linear corridors are known to affect caribou movement, no scientific consensus 
exists about the relative influence of altered movement on caribou population growth, 
and there is little data specific to the Lower Athabasca region or woodland caribou. In 
contrast, there is scientific consensus that predation risk has been elevated by combined 
human and natural disturbance, that population growth is inversely related to combined 
disturbance, and that increased predation is the proximate cause of observed declines in 
boreal caribou populations.  

Workshop participants reached consensus based on current evidence from the literature 
and study area (described in report Section 2), as well as their experience and 
professional judgment (summarized in report Section 3), that the overall effect of above-
ground pipelines and associated roads on caribou is small relative to predation at current 
levels of development (roughly 400 km of above ground pipelines in total).  

They also concluded that it is unreasonable to expect to tease out the influence of 
individual footprint types (i.e., above-ground pipelines, roads, facilities) because of: 1) 
confounding factors; 2) small sample size from existing monitoring programs; and 3) cost 
of a directed research and monitoring program that would require extensive long-term 
monitoring of individual caribou (e.g., using Global Position System telemetry devices – 
see Walsh et al. 1995). Further work to finalize a detailed literature review (as stipulated 
in the original project scope of work) was therefore determined to be unnecessary.  

Finally, workshop participants also agreed that further work should focus on caribou 
distribution at the range scale (i.e., change focus from animal movement to range 
fragmentation). The following logic was applied: 

• it can be assumed that individual in-situ projects represent complete barriers to caribou 
movement because of the intensity of development and human activity during construction 
and operations and because it is unreasonable to expect to tease out the influence of 
individual infrastructure (footprint) types because of confounding factors, small sample size 
and cost. Evaluating and monitoring at the scale of entire developments (i.e., intensive 
development areas) is therefore most appropriate; 

• while the direct effect of above-ground pipelines and associated linear features may be 
comparatively small, they contribute to cumulative effects on caribou populations, so 
management of all activities at the range scale is still required; 

• a reasonable alternative approach might be to stop mitigation in intensive development areas 
and instead, set aside no development areas or undertake more intensive mitigation in 
corridors that will maintain range-scale movement opportunities for caribou; and 

• additional analyses on caribou movement patterns and information on future development 
scenarios will be required to evaluate the potential feasibility and benefits of this alternative 
approach. 

 
There was general agreement to revise the original 2011 project work scope to obtain and 
analyze available GPS monitoring data to evaluate caribou movements relative to habitat 
and land use variables.  
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GLOSSARY 
 
Criteria: a series of questions used to provide a consistent evaluation of the significance of an 

individual linkage or overall impact hypothesis.  
 
Impact hypothesis diagram: a set of linkages that describe and help visualize the cause-effect 

relationships between development activities and species or indicators of social, 
cultural, or management interest (LGL et al. 1986). 

 
Linkage: the cause-effect relationship between a natural process or human activity (including 

development infrastructure and disturbance) and a biological response.   
 
Local Population: a group of interacting individuals of the same species in a defined area 

distinguished by a distinct gene pool, distinct physical characteristics, or distinct habitat 
use. The local population is the designated management unit for boreal caribou in 
Canada (EC 2011). In this report, local population and range are used interchangeably. 

Monitoring: a test of an impact hypothesis designed to: 1) measure environmental effects; 2) 
analyze cause-effect relationships; or 3) provide feedback on the success of impact 
management measures. As defined here, it is a scientific process designed to test 
specific hypotheses or linkages on the cause of environmental effects and how they are 
expressed in the environment (LGL et al. 1986). 

 
Range: in Alberta, individual caribou within a given range generally have no, or infrequent, 

interaction with caribou in other ranges (ASRD 2005). The Lower Athabasca planning 
area includes three ranges: Richardson, East Side Athabasca River (ESAR), and Cold 
Lake Air Weapons Range – Alberta (CLAWR). These ranges were defined by ASRD? 
using both habitat mapping and telemetry data. In this report, range and local population 
are used interchangeably. 

 
ACRONYMS 
 
ABMI  Alberta Biodiversity Monitoring Institute 

AITF  Alberta Innovates Technology Futures 

ASRD  Alberta Sustainable Resource Development 

EMCLA Ecological Monitoring Committee for the Lower Athabasca 

GOA  Government of Alberta 

IHD  Impact Hypothesis Diagram 
 
SAGD  Steam Assisted Gravity Drainage  
 
UofA  University of Alberta 
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1. INTRODUCTION 

There is increasing concern about the influence of ongoing human activities on 
biodiversity and wildlife in northeastern Alberta (GOA 2011). Oil sands operators have a 
regulatory responsibility to monitor biodiversity and effects on wildlife species of 
management concern. While industry has expended much effort to date, the value of the 
monitoring program designs and efforts of individual companies would be enhanced by 
greater coordination, enabling regional- or provincial-scale adaptive resource 
management. The Ecological Monitoring Committee for the Lower Athabasca (EMCLA) 
was established in 2010 to improving the quality of monitoring that takes place to fulfill 
wildlife and biodiversity clauses in Environmental Protection and Enhancement Act 
approvals for oil sands developments. EMCLA's goal is to move beyond the current 
focus on individual development projects to the design and implementation of a 
coordinated, integrated regional biodiversity and wildlife monitoring program that is 
effective, efficient, credible, and standardized both regionally and provincially. This 
monitoring program will provide better information for resource management by 
improving knowledge of the status and trends of species, the effects of human activities, 
and the success of mitigation efforts. The EMCLA is composed of representatives from 
the hydrocarbon industry and the provincial and federal government, with scientific and 
administrative support provided by the Alberta Biodiversity Monitoring Institute 
(ABMI).  

The EMCLA identified three priorities for 2011 (year 1) activities. These involve 
consolidating existing data to: 1) design a rare plant monitoring program; 2) design a rare 
animal monitoring program; and 3) assess the influence of habitat fragmentation caused 
by industrial activities, particularly above-ground pipelines and associated linear features, 
on caribou (Rangifer tarandus) movement and distribution.  

1.1 CARIBOU RANGE FRAGMENTATION PROJECT 

This report addresses priority 3: caribou movement and distribution (hereafter referred to 
as caribou range fragmentation). Approval conditions for in-situ bitumen projects require 
monitoring of caribou movement patterns and mitigating for the influence of above-
ground pipelines on movement. However, there is uncertainty over the effects of linear 
features on ungulate movement relative to other human and natural factors, and the extent 
to which linear features may affect caribou populations. The EMCLA therefore initiated 
the range fragmentation project with the following objectives: 

1. Review and summarize the current state-of-knowledge regarding the influence 
of linear features on caribou movement in the Lower Athabasca Planning 
Region. This will also consider: 
a) Other types of human activities (e.g., forest harvesting, hunting, and 

recreation) and natural factors (e.g., predators, climate and habitat) that 
may also be affecting movement. 
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b) The relationship between movement and local population dynamics. 
 

2. Identify and where possible compile existing datasets that could be used to 
identify current caribou movement patterns in the Lower Athabasca Planning 
Region in relation to linear features, as well as other man-made and natural 
factors.  

3. Provide recommendations for research and monitoring initiatives to be 
implemented in 2012 that will provide information on the influence of linear 
features on caribou movements, relative to other factors. 

a) For example, assess the feasibility of monitoring caribou 
movement in areas characterized by different densities of linear 
features (i.e., areas with minimal compared to high densities of 
development). 

 

1.2 REPORT OUTLINE 

This document presents conclusions for the current state-of-knowledge about the 
influence of linear features on caribou movement (objective 1). A preliminary review of 
relevant literature is provided in Section 2. Section 3 provides conclusions of a technical 
workshop held in May 2011 to discuss the literature-based state-of-knowledge. It also 
describes recommended modifications to project objectives including emphasizing data 
collation and analysis of caribou movement metrics. Section 4 provides conclusions on 
our current state of knowledge based on the preliminary literature review and 
professional judgment of workshop participants. 
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2. INFLUENCE OF LINEAR FEATURES ON CARIBOU 
MOVEMENT 

2.1 LINEAR FEATURES FOR IN-SITU BITUMEN PRODUCTION 

Much of the commercial bitumen reserve in northeastern Alberta can only be recovered 
through in-situ operations. In-situ Steam Assisted Gravity Drainage (SAGD) and Cyclic 
Steam Stimulation (CSS) operations require the use of pipelines to carry steam to the 
well, which is then pumped into the ground to melt the bitumen. The liquefied bitumen is 
then pumped back to a central facility for processing. Each SAGD well usually requires 
road access, electrical power, and pipelines for: steam; steam produced emulsion (i.e., oil 
and water); produced vapours; and fuel gas. The steam pipeline remains warm year round 
and expands and contracts as the temperature changes, so burying this line for long 
stretches is not feasible, and above-ground pipelines are constructed between wells. This 
creates a network of above-ground pipelines and associated linear features (i.e., roads and 
powerlines) within SAGD in-situ development areas (Golder 2004; Figure 1).   

 

 

Figure 1. Aerial view of an in-situ bitumen project showing well, facility, and 
linear corridor network.  
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Average above-ground pipeline height is approximately 1.0 m (range 0.3 to 2.2 m) to the 
bottom of the pipe. In some developments, up to five 34- to 50-cm diameter pipelines are 
bundled together on supported racks, with combined pipeline widths averaging 1.8 m 
(range 0.3 to 6.0 m) (Golder 2004; Figure 2). As described in more detail below, the 
width and height of these structures could therefore represent a complete or partial barrier 
to medium to large animals. In addition, pipeline barrier effects can be compounded by 
the presence of nearby or parallel roads (Murphy and Curatolo 1987).  

 

 

Figure 2. Typical aboveground in-situ pipeline in northeast Alberta.  

 

Golder (2004) discusses the designs that have been used to mitigate impacts on 
movement. In most cases, crossing structures (Figure 3) or sections of elevated pipeline 
are provided to allow animals to cross. Successful caribou crossings at both crossing 
ramps and elevated sections have been documented (Golder 2004).  
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Figure 3. Culvert crossing strucuture in northeast Alberta.  
 

2.2 IMPACT HYPOTHESIS 

Impact hypothesis diagrams (IHD) are used to help visualize and understand complex 
systems or relationships. By providing a rigorous and transparent way to evaluate cause-
effect linkages, they establish a foundation for monitoring program design and adaptive 
management (LGL et al. 1986). The IHD relating linear features to caribou population 
response is provided in Figure 4.  

Woodland caribou (boreal and mountain ecotypes), barren-ground caribou, and reindeer 
are considered to be the same species, although their life history and ecological context 
differs. Research on woodland (boreal) caribou in northeast Alberta has not been 
completed for all linkages, so relevant information for barren-ground caribou and 
reindeer is included in the discussion of each linkage below. Managers and researchers 
must be cautious about applying research and monitoring results for barren-ground 
caribou and reindeer to woodland caribou (Festa-Bianchet et al. 2011), so the relevant 
subspecies/ecotype is noted below for specific research and monitoring conclusions. 

.
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Figure 4. Impact hypothesis diagram (IHD) indicating key linkages between the influence of above-ground pipelines and 
associated linear features (i.e., roads) on caribou movement and population dynamics in northeast Alberta. 
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Recent syntheses (Wolfe et al. 2000) suggest that the population-level effects of 
anthropogenic disturbance on caribou and reindeer are not clear, although woodland 
caribou local population growth appears to be inversely related to total disturbed footprint 
(Vors et al. 2007; Environment Canada 2008; Sorensen et al. 2008; Schneider et al. 
2010; Environment Canada 2011). The influence of anthropogenic footprint (including 
above-ground pipelines and roads) on caribou energetics, fitness, reproduction and 
survival has been identified as a major gap in caribou research (NCASI 2007; Festa-
Bianchet et al. 2011). 

2.2.1 Linkage 1: Above-ground pipelines affect caribou movement 

 Absolute barrier  

Although the influence of above-ground pipelines on barren-ground caribou in northern 
Alaska has received much research interest, no research has specifically investigated 
woodland caribou movement relative to above-ground pipelines. However, evidence and 
knowledge of caribou movement ecology suggests that certain configurations of above-
ground pipelines (i.e., multiple parallel pipelines as shown in Figure 2) may create 
blockages whereas others are unlikely to block woodland caribou movements (i.e., 
pipelines raised high above stream valleys). Disentangling the contribution of various 
types of above-ground pipelines and associated linear features on caribou movement is 
complex because of many confounding factors that influence both local movements and 
range-scale distribution.  

Above-ground pipelines that are not raised may present an absolute barrier to caribou 
movement, as the pipeline structure averages 1.8 m in width (Golder 2004; Dunne and 
Quinn 2008), although there is a high degree of variability (from 0.3 m to 6 m; Golder 
2004). No research was located indicating the maximum width of a pipeline over which a 
caribou will not cross, or the minimum height above the ground under which a caribou 
will not pass below a pipeline. Barren-ground caribou are physically able to cross 
underneath pipelines with an above- ground height of 1.5 m to the bottom of the pipe 
(Smith and Cameron 1985; Curatolo and Murphy 1986), although other factors described 
below affect short-term crossing success and longer-term permeability to movement.  

 Semi-permeable barrier (filter) 

 Overview 

Crossing structures that facilitate caribou movement over the top of above-ground 
pipelines are a possible mitigation to above-ground pipeline barriers. Specific questions 
related to technical aspects of how to best mitigate for above-ground pipelines to allow 
for caribou movement (e.g., minimum height necessary for crossing, crossing structures 
vs. raised pipelines) are being addressed by a group of scientists working with the 
Canadian Association of Petroleum Producers (CAPP; Tyler Colberg, Imperial Oil Ltd., 
pers. comm.).   

Raising or building crossing structures over the top of above-ground pipelines has been 
shown to create some permeability for caribou movement. However, there appears to be a 
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high degree of variability in the permeability of raised above-ground pipelines to barren-
ground caribou movement, especially when factors such as herd size, age, season, and 
sex structure are considered (Wolfe et al. 2000). For example, Smith and Cameron (1985) 
found it took !26 attempts for !46% of two large (!655) insect-harassed caribou herds in 
Alaska to cross a pipeline that was !1.5 m above-ground and closely paralleled an active 
road. Some of the caribou that did not cross the pipeline trotted or ran parallel to the 
pipeline for 32 km (Smith and Cameron 1985). Similarly in Alaska, Fancy (1983) found 
that of 99 groups of caribou that approached within 500 m of a road, pipeline (all 
pipelines were !2.0m in height) or well pad, 71% crossed, 19% detoured and 10% 
reversed direction. Other research in Alaska found that most caribou successfully crossed 
underneath pipelines raised to !1.5 m (Curatolo and Murphy 1986) and !1.8 m in height 
(Carruthers and Jakimchuk 1987). However, in all of these barren-ground caribou studies, 
sampling design was not sufficiently robust to account for all potentially confounding 
influences, nor to provide information on energetic or population-scale implications.  

There has been no test of whether partially restricted movement impeded ecological 
functions requiring caribou movement across pipelines; nor is there published data from 
Alberta indicating whether, or to what degree, raised above-ground pipelines or crossing 
structures partially block caribou movement.  Relevant information on crossing structures 
and raised pipeline segments is provided below.  

 Benefits of Above-Ground Pipeline Crossing Structures 

There are at least two types of above-ground pipeline crossing structures used in 
northeast Alberta: (1) a wooden deck overpass that is 5.5 m wide and 9 m long on either 
side; and (2) a culvert-style overpass that is 2.5 to 3.7 m wide (Figure 3; Golder 2004). 
Provincial regulators recommend one crossing structure for every 200 m of above-ground 
pipeline (Golder 2004).  

Each design’s ability to increase caribou movement across above-ground pipelines has 
not been tested. In addition, there is no research indicating the minimum distance 
between crossing structures along pipelines required to facilitate caribou movement 
across these potential barriers. Finally, there has been no research to identify the best 
locations to place crossing structures (e.g., based on vegetation cover and topography), to 
restore altered caribou movement pathways. 

There is evidence that woodland caribou use crossing structures in northeast Alberta 
(Golder 2004), but the degree to which crossing structures increase caribou’s ability to 
move across above-ground pipelines relative to raised pipelines or no crossing structure 
appears to be unknown. A monitoring program using remote camera traps was 
implemented at the Suncor Firebag in-situ development site in 2004/2005 (Golder 2004). 
The goal was to measure what species of ungulates use crossing structures and what 
proportion of animals that encountered the pipeline crossed the pipeline using the 
structure, but no results have ever been published. Some evidence from Alaska suggests 
that caribou might prefer crossing above-ground pipeline at buried sections or crossing 
structures (ramps over the top of pipelines) rather than crossing underneath a raised 
pipeline, perhaps because both are less of a visual barrier than raised pipelines (Smith and 
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Cameron 1985; Curatolo and Murphy 1986). However, this result does not indicate 
whether ramps or buried sections allow or improve the passage of caribou across above-
ground pipelines compared to other designed crossing types. There appear to be no 
published results that explicitly test this hypothesis.  

 Benefits of Raised Above-Ground Pipeline Sections 

Raising pipelines high above the ground may prevent above-ground pipelines from acting 
as a barrier to caribou movement. The recommended height to prevent above-ground 
pipelines from blocking ungulate species movement in northeast Alberta (including 
moose, the tallest ungulate in the region) is 1.8 m, based on reviews of scientific 
publications (see Golder 2004, 2010). However, the majority of research on this issue 
was conducted on barren-ground caribou. As noted above, this research shows that 
barren-ground caribou cross underneath pipelines !1.5 m with variable success (Smith 
and Cameron 1985; Curatolo and Murphy 1986; Carruthers and Jakimchuk 1987; Wolfe 
et al. 2000). While the highest elevated sections appeared to be used most frequently for 
crossings, the actual benefit of raised pipeline sections could not be quantified relative to 
other confounding influences on crossing success. 

Recent research from the Peace River region of Alberta (Dunne and Quinn 2008) 
suggests that raising above-ground pipelines to !1.8 m may be conservative for allowing 
caribou movement underneath them, as a pipeline height !1.4 m was found to be 
necessary to avoid blocking moose. It is plausible that optimal above-ground pipeline 
height could be lower for caribou, given their smaller stature (adult approximately 100-
120 cm at shoulder; Parker 1981; Thomas and Gray 2002) compared to moose. This 
distance does not account for antler height or snow depth. No research has tested the 
minimum above-ground height necessary to allow unobstructed caribou movement under 
pipelines in northeast Alberta. 

There has been no systematic documentation of the location and length of above-ground 
pipelines in northeast Alberta (note that above-ground and buried pipelines are not 
differentiated in publicly available datasets). Golder has mapped the location of pipelines 
that are monitored for wildlife crossings as part of regulatory approval conditions and 
estimates there are approximately 400 km total of above-ground pipelines in northeast 
Alberta (Corey De La Mare, Golder Associates Ltd., pers. comm.). Given these current 
conditions, above-ground pipelines likely have a minimal influence on caribou movement 
at the range scale. However, based on projections for development in the region 
(Athabasca Landscape Team 2009), the amount of pipelines (including above-ground) 
will increase substantially over the next 50 years (simulations using Alberta Energy data 
suggest that total pipeline length will increase by 400% over this period). 

 Conclusion 

Using the linkage evaluation criteria provided in Appendix 1, this linkage is concluded to 
be valid, but available evidence indicates that it is unlikely to be a significant contributor 
to current or future population-level effects. Specific conclusions for each criteria are:  
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1. Validity: valid.  

2. Impact Rating: negligible to low magnitude (could affect 0-1<% of Lower 
Athabasca region ranges); of local geographic extent (up to 500 m from right-of-
way); long-term duration (>10 years or duration of project); continuous frequency 
(structure present for duration of production phase); and reversible effect. 

3. Importance: relatively unimportant compared to effects of roads and predation. 

4. Uncertainty: moderate to high. 

5. Research/Monitoring Cost: high cost to confirm significance.  

2.2.2 Linkage 2: Roads affect caribou movement and distribution 

 Overview 

Roads may create a barrier to movement through their physical presence or associated 
human and vehicle activity. Reduced use of habitat near roads by woodland and barren-
ground caribou has been consistently observed (Dau and Cameron 1986; Dyer et al. 
2001; Oberg 2001; Weclaw and Hudson 2004; Reimers and Colman 2006; Schindler et 
al. 2006; Antoniuk et al. 2007; Vors et al. 2007; Courbin et al. 2009; also see Cronin et 
al. 1998 for evidence of no effect). Thus, caribou may generally avoid habitat that is 
proximal to roads before ever reaching the road itself. The effect of anthropogenic 
footprint on caribou movement distribution may be the result of several factors including 
habitat availability, human activity, noise, odours, and predation risk. Disentangling the 
influence of roads on caribou movement and distribution may therefore be exceedingly 
challenging; relevant research is summarized below. 

 Road Effects on Movement 

Very high rates of traffic (!60 vehicles/hour) on roads likely create an absolute barrier to 
barren-ground caribou movement (Murphy and Curatolo 1987; Wolfe et al. 2000). Dyer 
et al. (2002) found that roads with moderate levels of traffic (33 ± 3 vehicles/hour) can 
create a semi-permeable barrier to boreal caribou movement during the winter, as caribou 
crossed roads almost 6 times less frequently than expected.  

There is evidence that barren-ground caribou are less likely to pass underneath an above-
ground pipeline if it is paralleled by a road with traffic (i.e., !15-30 vehicles/hour) 
(Curatolo and Murphy 1986). The combination of a visual barrier from the pipeline and 
movement from the traffic may together restrict caribou movement to a greater degree 
than these features alone. Roads typically parallel above-ground pipelines in northeast 
Alberta in-situ oil sands developments, constituting a 50 m wide right-of-way (Golder 
2004). Disentangling the effects of roads from above-ground pipelines on caribou 
movement may be impossible unless appropriate experiments are implemented. Any such 
experiments are at risk of being highly confounded due to the complex nature of factors 
that influence ungulate movement (Forrester et al. 2007; Morales et al. 2010), and/or any 
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influence that could be measured would likely be overwhelmed by other influences on 
caribou movement.   

The width of a right-of-way may also influence whether caribou will cross an above-
ground pipeline and/or road. Vistnes et al. (2004) found that two parallel power lines and 
a road closed to traffic (total width unknown) created a barrier to reindeer movement in 
Norway, whereas a single closed road did not.  

 Road Effects on Distribution 

Boreal caribou movements within designated ranges in northeastern Alberta appear to be 
undirected and highly variable (Fuller and Keith 1981; Stuart-Smith et al. 1997), and 
there has been no movement of collared female caribou between ranges (D. Hervieux, 
Alberta Sustainable Resource Development, pers. comm.).  

In Manitoba, woodland caribou were found to avoid areas up to 1 km from a logging road 
(Schindler et al. 2006). Similarly, woodland caribou in Alberta have been found to avoid 
roads to a maximum distance of 500 m (Oberg 2001) and 250 m (Dyer et al. 2001). 
Sorenson et al. (2008) found a significant negative relationship between the area of a 
caribou’s  range within 250 m of industrial features and woodland caribou local 
population growth rates in northeast Alberta.  

In Norway, reindeer reduced their use of areas within 1-5 km of developments by 45-
95% (Vistnes and Nellemann 2007). In Alaska, barren-ground caribou density was found 
to be inversely related to road density, declining by 63% at >0.0–0.3 km road/km2 and by 
86% at >0.6–0.9 km road/km2 (Nellemann and Cameron 1998; Cameron et al. 2005). In 
the same area, mean caribou density (no./km2) decreased from 1.41 to 0.31 within 1 km 
of a newly developed oil field access road, and increased from 1.41 to 4.53 at 5- 6 km 
from the road (Cameron et al. 1992).  

Human activity on roads has been hypothesized as an important mechanism for the 
displacement of all caribou ecotypes (Dau and Cameron 1986; Dyer et al. 2001; Reimers 
and Colman 2006; Vors et al. 2007). Noise or disturbance may be important, as 
woodland caribou exposed to noise increased their movement rate by ~30% compared to 
unexposed caribou (Bradshaw et al. 1997).  

Bergerud et al. (1984) warned that evidence of displacement of woodland and barren-
ground caribou from roads relies too heavily on negative correlation between roads and 
caribou distribution, which does not identify the mechanism for the association. They 
suggested that a caribou decline in proximity to roads, and a decline in the number of 
caribou road crossings in a region, is not necessarily due to the roads displacing caribou 
and/or blocking caribou movement, but rather a function of declining caribou numbers 
and subsequent range contraction caused by other factors, particularly predation and 
human hunting. This emphasizes the difficulties with disentangling the influence of linear 
features on caribou movement from other influences on caribou distribution (e.g., human 
activity) and density (e.g., predation). For example, it is widely hypothesized that the 
negative association between the distribution of caribou and roads in northeastern Alberta 
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is due to caribou avoiding roads that provide movement corridors to predators (James and 
Stuart-Smith 2000; McLoughlin et al. 2003; Latham et al. 2011). Ultimately predator 
encounters may have a greater influence on caribou distribution and density around linear 
features than on caribou’s ability to cross a road and/or above-ground pipeline, or on the 
energetic costs of this movement. 

Some authors (e.g., Bergerud et al. 1984; Reimers and Colman 2006) have hypothesized 
that, relative to other large mammals, caribou are easily capable of habituating to human 
disturbances, including above-ground pipelines and human activity on roads. This is 
indicated by the fact they have previously been domesticated by humans. Research from 
Alaska suggests that barren-ground caribou may habituate to human activity in an 
oilfield, moving closer to infrastructure after snow melt (Haskell et al. 2006). Above-
ground pipelines and/or roads may become less of a barrier to caribou movement over 
time, if caribou habituate to the presence of these structures (and they are physically 
capable of crossing them). Antoniuk et al. (2007), and Tracz et al. (2010) found that 
boreal caribou did not abandon ranges with intensive land use, which could be interpreted 
either as habituation to human disturbances, or fidelity to traditional home ranges without 
habituation. Regardless of whether or not habituation occurs, continued use of highly 
disturbed ranges (attractive sinks) does not appear to be beneficial for woodland caribou 
as their population growth rate has been shown to be inversely related to total range 
disturbance (Sorensen et al. 2008; Environment Canada 2011).  

 Conclusion 

Using the linkage evaluation criteria provided in Appendix 1, this linkage is concluded to 
be valid, but too difficult to detect relative to other pathways. Specific conclusions for 
each criteria are:  

1. Validity: valid.  

2. Impact Rating: moderate to high magnitude (could affect >5% of Lower 
Athabasca region ranges); of local geographic extent (up to 500 m from right-of-
way); long-term duration (>10 years or duration of project); continuous frequency 
(roads present at least for duration of ); effect reversible or permanent (depending 
on whether road is deactivated and reclaimed). 

3. Importance: somewhat important compared to effects of predation. 

4. Uncertainty: moderate to high. 

5. Research/Monitoring Cost: high cost to confirm significance.  

 



  Lower Athabasca Caribou Range Fragmentation 

Alberta Biodiversity Monitoring Institute and Salmo Consulting Inc. 13 

2.2.3 Linkage 3: Changes to movement patterns alter individual energy 
reserves which affects population dynamics (survival and 
reproduction)  

 Overview 

Mountain woodland caribou have been found to select inter-patch movement pathways 
on winter ranges with the lowest energetic cost (Johnson et al. 2002). Thus, above-
ground pipelines and/or roads that block least-cost pathways between habitat patches may 
increase energy expenditure by caribou. Pipelines that block caribou movements to a 
habitat patch or require caribou to move further distances to reach habitat patches may 
reduce an individual's energy reserves by increasing energy expenditure, and/or by 
decreasing energy intake if caribou spend time moving that they would otherwise spend 
foraging. However, caribou may be capable of compensating for this energy loss once 
arriving at the patch by increasing forage intake (Bradshaw et al. 1998). Energy reserve 
depletion can lead to death and reduced body mass. Loss of 20% of body mass may have 
negative implications for barren-ground caribou calf production (Cameron and Ver Hoef 
1994). Reduced calf and adult survival directly affects local population growth rate.  

 Influence of Movement on Energetics, Survival, and Reproduction 

No research has examined whether the blockage of habitat patches, or the extra 
movement distance required by caribou to travel around above-ground pipeline and road 
barriers to reach habitat patches has significant effects on caribou energetics, fecundity, 
or mortality.  

Bradshaw et al. (1998) conducted analyses of the energetic costs of caribou encountering 
disturbances from seismic exploration in northeast Alberta and concluded that 41–137 
encounters with disturbance events during a winter were necessary to lose >20% mass 
and have potential to affect calf survival (Cameron and Ver Hoef 1994). Given current 
above-ground pipeline frequency, it is likely that only caribou whose home ranges 
coincide with intensive development areas could be exposed to this frequency of 
disturbance events.  

In theory, if energetic costs of calf movements negatively influence their survival, this 
could reduce caribou population growth rates (see linkage 4), although no studies were 
located that test this linkage. Oxygen consumption by barren-ground caribou calves is 
higher than for adults when moving at speeds >3-5 km/hour (Luick and White 1980) but 
it is not known whether effects of linear features would increase calf oxygen 
consumption.  

Adult females may be especially sensitive to human activity during calving, and barren-
ground caribou cows with calves appear more sensitive to anthropogenic features than 
cows without calves (Haskell et al. 2006). Barriers to adult female and/or calf movement 
could result in increased energy expenditure that negatively influences adult female 
reproduction and/or calf survival.  
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Access to high-forage productivity ranges contributes to heavier adult females, which 
contributes to higher fecundity (Parker 1981; Reimers 1983; White 1983; Cameron et al. 
1993, but see Skogland 1985); increased calf birth weight (Parker 1981; White 1983; 
Rognmo et al. 1983; Skogland 1984; Elorantra and Nieminen 1986; Adamczewski et al. 
1987; Cameron et al. 2005); increased lactation (White 1983; Adamczewski et al. 1987) 
and fawn and yearling growth (White 1983; Rognmo et al. 1983; Skogland 1984); and 
higher survival and recruitment (Skoglund 1985; Cameron et al. 2005). Barriers that 
reduce connectivity among high-forage productivity habitats may reduce population 
carrying capacity (Wang et al. 2009). However, it is believed that most caribou local 
populations exposed to predators (including northeast Alberta) are not forage-limited, as 
female pregnancy rates are typically high (McLoughlin et al. 2003; Wittmer et al. 2005a) 
and age of primiparity (initial reproduction) is relatively young (Rettie and Messier 1998; 
Festa-Bianchet et al. 2011).  

Caribou in northeast Alberta do not appear to be forage-limited, as fertility rates are high 
(McLoughlin et al. 2003). Nevertheless above-ground pipelines and roads may limit an 
animal’s ability to move between forage patches within their home range and thus reduce 
their ability to acquire energy, decreasing individual survival and reproduction.  

It is possible that the influence of barriers to movement on caribou fitness and survival 
could be evaluated quantitatively with a simple model using existing datasets or 
assumptions on the effects of above-ground pipelines and roads on movement, caribou 
movement energetics and caribou survival (e.g., Bradshaw et al. 1998).  

 Conclusion 

Using the linkage evaluation criteria provided in Appendix 1, this linkage is concluded to 
be valid, but too difficult to detect relative to other pathways. Specific conclusions for 
each criteria are:  

1. Validity: valid.  

2. Impact Rating: moderate to high magnitude (could affect >5% of Lower 
Athabasca region ranges); of local geographic extent (up to 500 m from right-of-
way); long-term duration (>10 years or duration of project); continuous frequency 
(roads present at least for duration of ); effect reversible or permanent (depending 
on whether road is deactivated and reclaimed). 

3. Importance: somewhat important compared to effects of predation. 

4. Uncertainty: moderate to high. 

5. Research/Monitoring Cost: high cost to confirm significance.  
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2.2.4 Linkage 4: Changes to movement patterns and distribution alter 
predation rates 

The ability for caribou to move freely within large intact ranges, particularly during 
calving, may be critical to maintaining spatial separation from predators. Above-ground 
pipelines and roads that restrict caribou movements could prevent caribou from 
effectively spatially separating themselves from predators.  

Predation appears to be the dominant limiting factor for most caribou populations 
(Bergerud 1974; Bergerud et al. 1984; Bergerud and Elliott 1986; Bergerud and Ballard 
1988; Edmonds 1988; Bergerud 1996; Bergerud and Elliott 1998; Schaefer et al. 1999; 
Wittmer et al. 2005b; McCutchen 2007), especially predation on calves and immature 
females (Parker 1981; Bergerud and Ballard 1988; Adams et al. 1995; Rettie and Messier 
1998; Schaefer et al. 1999; McLoughlin et al. 2003). Declining caribou local populations 
in northeast Alberta specifically appear to be linked to low calf recruitment rate, likely 
due to calf predation, which accounted for 52% of 122 caribou deaths from 1993-2002 
(McLoughlin et al. 2003).   

Research has also identified strong correlations between anthropogenic features and 
caribou decline at the caribou range scale (Schaefer 2003; Wittmer et al. 2005a; Vistnes 
and Nellemann 2007; Vors et al. 2007; Environment Canada 2008, 2011; Bowman et al. 
2010), including in northeast Alberta (Sorensen et al. 2008; Schneider et al. 2010). The 
leading explanation for this negative relationship is wolf-mediated 'apparent competition' 
(sensu Holt 1977, 1984; Holt and Kotler 1987). Apparent competition occurs when 
predator populations increase due to abundance of one or more primary prey species (e.g. 
moose and deer), thereby increasing incidental predation on the less common secondary 
prey species (e.g. caribou). Because predator abundance is driven by the primary prey 
species, proportional mortality on the secondary prey species increases as their numbers 
decline. This phenomenon is referred to as apparent competition because population 
responses resemble those from competition between the prey species (Holt 1977).  

Apparent competition has been implicated for woodland caribou in British Columbia 
(Wittmer et al. 2005b) and is thought to occur in Alberta via two proposed mechanisms. 
First, conversion of old forests into early seral stage forests (e.g., forestry, agriculture, 
open right-of-ways) increases habitat quality for primary prey such as moose and deer 
((reviewed in Fisher et al. 2005; Serrouya et al.!2011), providing more prey to wolves 
and possibly resulting in increased wolf densities and lower caribou survival rates (James 
et al.!2004; Sorensen et al.!2008). Secondly, anthropogenic linear features such as roads, 
pipelines, and seismic exploration lines provide wolves with efficient travel routes into 
caribou range (James & Stuart-Smith 2000; Whittington et al. 2011). 

Despite the links between linear features and population decline, few studies have 
examined the mechanisms of how linear features, predator density, and predator-prey 
spatial interactions affect predation risk. Evidence for apparent competition in declining 
caribou populations includes: 

1. High pregnancy rates and low age of primiparity (initial reproduction), 
indicating caribou are not food limited (Bergerud and Elliott 1986; Rettie and 
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Messier 1998; Schaefer et al. 1999; McLoughlin et al. 2003; Wittmer et al. 
2005a; Festa-Bianchet et al. 2011). 

2. High adult predation (Bergerud and Elliott 1986; Seip 1992; Wittmer et al. 
2005a, Wittmer et al. 2005b) and/or low calf recruitment (Bergerud and Elliott 
1986; Seip 1992; Rettie and Messier 1998; McLoughlin et al. 2003; Wittmer et 
al. 2005a,b). 

3. High numbers of alternative prey species (i.e., moose and deer) (Bergerud and 
Elliot 1986; Seip 1992; Latham et al. 2011). 

4. Positive association between predators and anthropogenic disturbances 
(Courbin et al. 2009; Bowman et al. 2010; Whittington et al. 2011). 

5. Increasing density of wolves and spatial overlap between wolf and caribou 
(Latham et al. 2011; Whittington et al. 2011). 

6. Higher proportion of early seral stage forest habitat (Wittmer et al. 2007). 

7. Increased presence of caribou in wolf diet (Latham et al. 2011).  

8. Roads and pipeline rights-of-way allow predators such as wolves greater access 
to caribou and/or increase predator encounter rates (functional response) 
(James and Stuart-Smith 2000; McCutchen 2007; Latham 2009; Whittington et 
al. 2011).  

 

Establishing the causal link between these factors through experimentation may be 
exceedingly difficult, if not impossible, due to the rarity of boreal caribou, lack of 
suitable treatment sites (e.g., control areas without extensive industrial footprints already 
in place), and the high expense of conducting research on caribou (McLoughlin et al. 
2003). Nevertheless, existing evidence consistently supports the wolf-mediated apparent 
competition hypothesis across boreal woodland caribou range in Canada and northeast 
Alberta.  

 Conclusion 

Using the linkage evaluation criteria provided in Appendix 1, this linkage is concluded to 
be valid and additional research or monitoring is not required. Specific conclusions for 
each criteria are:  

1. Validity: valid.  

2. Impact Rating: high magnitude (unnaturally high predation rates have been 
documented in Lower Athabasca region local population ranges); of regional 
geographic extent (at local population range scale); long-term duration (extends 
for duration of existing and future footprints); continuous frequency (land use 
footprints present until revegetation); effect reversible or permanent (depending 
on whether feature is deactivated and reclaimed). 

3. Importance: most important linkage. 
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4. Uncertainty: low. 

5. Research/Monitoring Cost: low cost to confirm significance.  

2.2.5 Linkage 5: Changes in distribution and movement alter meta-
population interchange frequency and rates 

Woodland caribou are thought to occur as metapopulations (sensu Hanski 1991), local 
populations that are spatially or behaviourally disjunct and rarely interbreed or exchange 
individuals through immigration over short time periods (Rettie and Messier 1998; 
Schaefer et al. 2001; McLoughlin et al. 2004; Schaefer 2006). It is believed that this 
metapopulation structure historically allowed for recolonization of local populations that 
had declined or been extirpated by natural disturbance and processes, thus facilitating 
regional persistence. Creation of complete or partial movement barriers that prevents 
movement between local populations could affect immigration rates and thus long-term 
population growth rate, reducing the probability of recolonization following extirpation. 

Fisher et al.’s (2009) review of Northwest Territories barren-ground caribou management 
concluded that herd connectivity allowing for metapopulation dynamics was a key 
management requirement for herd recovery. The Josyln North Mine Joint Review Panel 
(2011) concluded that wildlife corridors should be provided to maintain long-term habitat 
connectivity for wildlife in the Lower Athabasca region at local and regional scales.  

No adult female movement between ranges has been observed during telemetry studies 
conducted in northeast Alberta over the last fifteen years (D. Hervieux, pers. comm.) and 
high fidelity to suitable habitat has been demonstrated (Stuart-Smith et al. 1997; Tracz et 
al. 2010). Telemetry of adult males has not been conducted, so between-range 
movements may still be occurring.  McLoughlin et al. (2005) found that caribou in 
northeast Alberta were not genetically isolated and that range fragmentation has not yet 
affected the genetic makeup of the populations or larger metapopulation. Conclusion 

In the long-term, putative caribou local populations in northeast Alberta that are 
extirpated may not be recolonized through dispersal if barriers block movements between 
caribou ranges. Using the linkage evaluation criteria provided in Appendix 1, this linkage 
is concluded to be valid, but too difficult to detect relative to other pathways. Specific 
conclusions for each criteria are:  

1. Validity: valid.  

2. Impact Rating: moderate to high magnitude (could affect all Lower Athabasca 
region ranges); of regional geographic extent (between local population ranges); 
long-term duration (>10 years or duration of human footprints); continuous 
frequency (land use footprints present until revegetation); effect reversible or 
permanent (depending on whether feature is deactivated and reclaimed). 

3. Importance: somewhat important compared to effects of predation. 



  Lower Athabasca Caribou Range Fragmentation 

Alberta Biodiversity Monitoring Institute and Salmo Consulting Inc. 18 

4. Uncertainty: moderate to high. 

5. Research/Monitoring Cost: high cost to confirm significance.  

2.2.6 Linkage 6: Changes in survival, reproduction, and local population 
size affect population growth rate 

 Overview 

All caribou populations are dynamic and respond to a wide variety of external factors, 
such as climate, anthropogenic landscape change and predation (Vors and Boyce 2009). 
Woodland caribou local populations naturally fluctuate by up to an order of magnitude 
over several decades (Thomas and Gray 2002). Two relevant factors are discussed below.  

 Recruitment and Mortality 

Local population growth reflects the annual balance between recruitment of calves less 
adult mortality from natural causes, predation, harvest, and other forms of man-made 
mortality (e.g., road kills). Low recruitment resulting from high calf mortality appears to 
be a substantial contributor to recent caribou population declines in Alberta (Stuart-Smith 
et al. 1997; McLoughlin et al. 2003), and North America more generally (Bergerud and 
Ballard 1988; Seip 1992; Bergerud and Elliott 1986; Rettie and Messier 1998, but see 
Walsh et al. 1995). Thus, factors that directly or indirectly influence calf survival (i.e., 
other linkages depicted in Figure 4) appear to have a large effect on local population 
growth rate. 

 Allee Effect 

At low population numbers, woodland caribou may be subject to the Allee effect, 
whereby growth rate decreases as populations get smaller (Wittmer et al. 2005b; 
McLellan et al. 2010). This is caused by factors such as inbreeding, random events that 
cause mortality, and loss of interactions with others in the local population (e.g., 
breeding, immigration). Thus, the rate of decline in population growth rate could increase 
as local populations in northeast Alberta become smaller.  

 Conclusion 

Distinguishing the relative importance of climatic, predator, and anthropogenic 
influences on woodland caribou populations has proven to be very challenging because of 
the number of confounding factors. As an example, in spite of over twenty years of 
research and monitoring, there is no scientific consensus about the influence of oil-field 
development on barren-ground caribou population dynamics. Some researchers have 
argued that hydrocarbon development has reduced herd productivity (Cameron 1992, 
1994, 1995; Nellemann and Cameron 1996). Others note that the Central Arctic barren-
ground caribou population has grown steadily since the oil fields were developed, which 
suggests that few or no population-scale effects have been realized (Bergerud et al. 1984; 
Ballard and Cronin 1995; Cronin et al. 1997, 1998). Gunn et al. (2001) suggested that 
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barren-ground caribou populations are resilient to anthropogenic disturbances during 
population growth phases (the Central Arctic herd was in a growth phase), but may be 
less so during population decline phases.  

The literature summarized above suggests that indirect effects on predation risk rather 
than caribou movements have been the major contributor to recent boreal caribou 
declines in the Lower Athabasca region.  
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3. MAY TECHNICAL WORKSHOP CONCLUSIONS 

A workshop of invited government, industry, academic, and consulting sector 
representatives was held at University of Alberta on May 12, 2011. This workshop was 
held to build mutual understanding among government, industry, academic, and ABMI 
technical specialists about:  

1. the rationale for mitigating above-ground pipelines (i.e., raising above-ground 
pipelines and/or creating above-ground pipeline crossing structures); 

2. associated design and cost implications for raising above-ground pipelines and/or 
creating above-ground pipeline crossing structures; 

3. existing monitoring programs to assess the influence of above-ground pipelines 
on boreal caribou movement and population dynamics; and 

4. the ecological linkages between above-ground pipelines and associated linear 
features and boreal caribou movement and population dynamics based on the 
impact hypothesis diagram described in Section 2.  
 

During workshop discussions, the objective of this project was further clarified to be the 
delivery of an independent scientific analysis that is: 1) different from what other groups 
have done or are doing; and 2) helps identify planning, design, and mitigation measures 
for future development that would definitely benefit caribou in the Lower Athabasca 
region. 

Attendees were:  

Paula Bentham, Golder Associates Ltd. (Golder) 
Dr. Stan Boutin, U of A/ Alberta Biodiversity Monitoring Institute (ABMI) 
Dr. Cole Burton, ABMI 
Dr. Tyler Colberg, Imperial Oil Ltd./EMCLA 
Susanne Cote, ABMI/EMCLA 
Corey De La Mare, Golder/ U of A 
Dave Hervieux, Alberta Sustainable Resource Development (ASRD) 
Paul MacMahon, ASRD/EMCLA 
Tyler Muhly, ABMI/AITF 
Amit Saxena, Devon Canada Corp. 
Terry Antoniuk, Salmo Consulting Inc. 

3.1 WORKSHOP DISCUSSIONS 

3.1.1 Mitigation Rationale 

Dave Hervieux reviewed the rationale for mitigating above-ground pipelines. He noted 
that it is self-evident that caribou will not cross some configurations of above-ground 
pipelines and in-situ infrastructure. Restricted movement is inconsistent with boreal 
caribou's predator avoidance strategy of remaining dispersed within large range areas, 
and increasing anthropogenic footprint (including linear corridors) has been demonstrated 
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to be linked to population decline (Environment Canada 2008; Sorensen et al. 2008; 
Schneider et al. 2010). While there are few research findings on how restrictions to 
movement affect caribou demographics, it is hard to argue that altered movement would 
be neutral or positive. 

Although the total length of above-ground pipelines is currently low inside designated 
caribou ranges, ASRD's long-term goal is to maintain the distribution of caribou in 
Alberta across current caribou ranges (ASRD 2005). Because in-situ development is 
forecast to increase substantially over the next few decades (Athabasca Landscape Team 
2009), it is thought that mitigating individual rights-of-way would contribute to this goal, 
regardless of whether or not mitigation has a measurable effect on population growth rate 
at present.  

During follow-up discussion, it was noted that there is likely limited benefit to mitigating 
above-ground pipelines where roads and other potential barriers co-occur. Above-ground 
pipeline mitigation would have greatest benefit where limited footprint is present. The 
concept of providing range-scale movement corridors with limited footprint was then 
introduced and discussed. 

3.1.2 Mitigation Design 

Tyler Colberg described the design of above-ground pipeline crossing structures and 
raised sections (see Section 2.1). Use of elevated pipeline sections is more common than 
crossing structures because elevated pipelines are preferred by ASRD and it is technically 
and economically easier to construct elevated sections where multiple crossings are 
required along a pipeline segment. All-weather access roads generally parallel above-
ground pipelines, not because it is necessary to have all weather access to the pipes, but 
because roads and above-ground pipelines are generally linked to the same well pads and 
facilities, and common rights-of-way minimize total project footprint and linear corridor 
density. 

Tyler noted that building these mitigation measures costs operators tens of millions of 
dollars, so they want to ensure that these expenditures contribute to caribou conservation.  

At present there is no publicly available database that documents the location of above-
ground pipelines and crossing structures - this information is proprietary to individual 
operators, although reporting provisions are being included in some project approvals. 
Discussions with all operators would be required to develop a consolidated GIS database. 

3.1.3 Monitoring Programs 

Corey De La Mare provided an overview of the tracking and camera monitoring 
programs that Golder has undertaken to document crossing success at in-situ projects in 
the Lower Athabasca region. He estimated that about 400 km of above-ground pipelines 
currently occur in the region. 
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Above-ground pipeline wildlife monitoring being conducted by industry has confirmed 
that caribou will cross mitigated pipeline/road corridors, but the avoidance of mitigated 
pipeline / road corridors is not known. Also, this sort of monitoring alone cannot be used 
to draw conclusions on population- or range scale effects because of low caribou density 
(most pipeline is not within caribou range), low sample size, and the confounding effects 
of factors such as associated linear and land use features, habitat quality, type and 
frequency of associated human activity, and predator density and movement patterns.  

Following discussion, the group concluded that effort currently expended to monitor 
crossing success of individual animals would be better focused on range-scale movement 
and distribution as this is the primary management goal.  

3.1.4 Effects of Pipelines and Associated Rights-of-Way 

Tyler Muhly provided an overview of the IHD described in Section 2. Terry Antoniuk 
described proposed criteria that would be used to evaluate the significance of each 
linkage (Appendix 1).  

Following extensive discussion, participants reached consensus based on current 
evidence from the literature and study area, as well as professional judgment, that caribou 
are unlikely to cross an unmitigated above-ground pipeline but can cross a mitigated 
above-ground pipeline. They also agreed that the overall effect of above-ground pipelines 
and associated roads on caribou, at current levels of development (roughly 400 km of 
above ground pipelines in total), is small relative to the effects of predation. This 
conclusion was developed by using the linkage criteria to evaluate the relationship 
between caribou movement and caribou population growth relative to predation.  

Participants then concluded that there would be little value in completing an extensive 
IHD-based literature review as originally proposed for this project, and that a revision to 
the project work plan was warranted.  

3.1.5 Modified Work Scope 

Participants spent the rest of the workshop developing a modified work scope for this 
project. They agreed that further work on the literature review should be stopped and that 
initial findings and workshop results should be provided in a brief report that summarizes 
the current state of knowledge (this report). 

Workshop participants also agreed that further work should focus on caribou distribution 
at the range scale (i.e., change focus from animal movement to range fragmentation). The 
following logic was applied: 

• it can be assumed that individual in-situ projects represent complete barriers to 
caribou movement because of the intensity of development and human activity during 
construction and operations and because it is unreasonable to expect to tease out the 
influence of individual infrastructure (footprint) types because of confounding 



  Lower Athabasca Caribou Range Fragmentation 

Alberta Biodiversity Monitoring Institute and Salmo Consulting Inc. 23 

factors, small sample size and cost. Evaluating and monitoring at the scale of entire 
developments (i.e., intensive development areas) is therefore most appropriate; 

• while the direct effect of above-ground pipelines and associated linear features may 
be comparatively small, they contribute to cumulative effects on caribou populations, 
so management of all activities at the range scale is still required; 

• a reasonable alternative approach might be to stop mitigation in intensive 
development areas and instead, set aside no development areas or undertake more 
intensive mitigation in corridors that will maintain range-scale movement 
opportunities for caribou;  

• additional analyses on caribou movement patterns and information on future 
development scenarios will be required to evaluate the potential feasibility and 
benefits of this alternative approach; and 

• ideally, additional analyses should help inform the GoA's 'Regional Land Disturbance 
Plan' for the Lower Athabasca planning region (GOA 2011). 

 
There was general agreement on the following components of a revised 2011 project 
work scope: 
 

1. Obtain and analyze available GPS monitoring data to: a) calculate caribou 
movement metrics (daily, seasonal, annual, multi-year, and between range); b) 
document the influence of habitat and anthropogenic footprints on movement; 
and c) identify caribou movement corridors.  

2. Develop spatially explicit in-situ development trajectories by digitizing 
existing project footprints and orienting the resulting footprint relative to 
mapped bitumen reserves to represent a future development scenario. This 
would build on work previously completed by the Athabasca Landscape Team 
by adding spatial analyses. Work conducted by the Cumulative Effects 
Management Association was cited as an example, with the proviso that 
ongoing reclamation of existing features needs to be incorporated in this 
scenario. 1 

3. Use the products of steps 1 and 2 to identify the types of mitigation that would 
be needed to maintain caribou distribution, considering all infrastructure 
(footprint) types. Options to be considered include: companies doing more 
mitigation on specific areas of their leases in return for less mitigation 
elsewhere; zonation and land management thresholds; coordinated reclamation; 
and designated corridors or areas within each range.  

                                                
1 Following the workshop, industry representatives who did not attend the workshop expressed significant 
concern that this task could lead to impractical or inappropriate conclusions depending on the spatial layout 
assumptions adopted. As a result, this task was dropped and the revised work plan focused on tasks 1 and 3.  
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4. CONCLUSIONS AND RECOMMENDATIONS 

The first objective of the caribou range fragmentation project commissioned by the 
Ecological Monitoring Committee for the Lower Athabasca region was to review and 
summarize the current state-of-knowledge regarding the influence of above-ground 
pipelines and associated linear features on caribou movement in the Lower Athabasca 
Planning Region. This document summarizes the current state-of-knowledge based on a 
preliminary literature review and technical workshop held on May 12, 2011. 

Workshop participants reached consensus based on current evidence from the literature 
and study area (Section 2), as well as their experience and professional judgment (Section 
3), that the overall effect of above-ground pipelines and associated roads on caribou is 
small relative to predation at current levels of development (roughly 400 km of above 
ground pipelines in total).  

They also concluded that it is unreasonable to expect to tease out the influence of 
individual footprint types (i.e., above-ground pipelines, roads, facilities) because of: 1) 
confounding factors; 2) small sample size from existing monitoring programs; and 3) cost 
of a directed research and monitoring program that would require extensive long-term 
monitoring of individual caribou (e.g., using Global Position System telemetry devices – 
see Walsh et al. 1995). Further work to finalize a detailed literature review (as stipulated 
in the original project scope of work) was therefore determined to be unnecessary.  

A defined goal of caribou management in the Lower Athabasca region is to maintain 
caribou distribution, which means that future range fragmentation should be avoided. 
However, as in-situ bitumen development proceeds, widespread barriers to caribou 
movement will likely arise. To reduce ongoing range fragmentation, landscape-scale 
mitigation strategies should consider entire in-situ project areas, and focus on ways that 
all features within these intensive development areas can be planned, designed, operated, 
and restored to maintain range-scale caribou movements and distribution. Additional 
information on caribou movement metrics is required to inform the design of these 
mitigation strategies (e.g., Are there existing movement corridors or hotspots that should 
be protected? Are there seasonal differences in movement patterns? How much space is 
needed to maintain movement?).  

EMCLA project representatives and workshop participants therefore agreed that 
remaining project effort during 2011 should focus on original objective 2, namely 
compiling existing datasets that could be used to analyze current caribou movement 
patterns in the Lower Athabasca Planning Region in relation to linear features, as well as 
other man-made and natural factors. Dave Hervieux agreed to provide caribou telemetry 
data gathered by ASRD and Tyler Muhly committed to develop a proposed methodology 
for analyzing these movement data in conjunction with other members of the project 
team.  
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APPENDIX 1 
 

LINKAGE EVALUATION CRITERIA 
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Linkage Significance Evaluation Criteria 
 

1. What is the anticipated magnitude, extent, duration, frequency, and reversibility of this 
linkage (as monitored, estimated, or modelled)? 

o magnitude: how large is the effect relative to range of natural variability 
(estimated quantitatively where possible, or: not detectable; within RNV; outside 
RNV);  

o extent: over what area will the effect occur (metres; kilometres; tens of 
kilometres; hundreds of kilometres) 

o duration: how long will the effect persist for (days, weeks, years)  
o frequency: how often will the effect occur (accidental; isolated; periodic; 

continuous) 
o reversibility: is the effect reversible or permanent? 

 
2. How important is this linkage relative to other population-level effects? 

 
3. What is the level of uncertainty?  

a. Low - supporting data from study area or equivalent biophysical setting or 
consistent conclusions from multiple lines of evidence 

b. Moderate - supporting data from different biophysical setting or inconsistent 
evidence from multiple lines of evidence (theoretical/modelling evaluation; 
expert opinion) 

c. High - equivocal data on linkage, equivocal evidence from one line of evidence 
(theoretical/modelling evaluation; expert opinion) 

 
4. What would cost/level of effort be to confirm the significance of this linkage in the study 

area? 
a. High - >10 years and >ten million dollars 
b. Moderate - 3-10 years and 2-10 million dollars 
c. Low - 1-3 years and <2 million dollars 

 
Conclusion 
 

1. Hypothesis is extremely unlikely and does not justify further action. 
 

2. Hypothesis is valid, but available evidence indicates that it is unlikely to be a significant 
contributor to current or future population-level effects.  

 
3. Hypothesis is valid and should be tested with a detailed research plan. 

 
4. Hypothesis is valid, but would be too difficult to detect. 

 
5. Hypothesis is valid and additional research or monitoring is not required.  

 
6. More information is required before designing any further research or monitoring. 

 
 
 


