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AbstrAct

A recovery act�on plan for recovery of car�bou (Rangifer tarandus caribou) �n north-central Br�t�sh 
Columb�a �s presented. Th�s plan represents work completed by a techn�cal team �n support of the 
Northern Car�bou Recovery Implementat�on Group for North-central Br�t�sh Columb�a (henceforth 
the rig). Work focussed on operat�onal defin�t�ons for surv�val and recovery hab�tats us�ng a hab�tat 
supply model called the Car�bou Hab�tat Assessment and Supply Est�mator. Success�ve appl�cat�ons of 
th�s model were conducted to est�mate a range of l�kely hab�tat values for five seasonal ranges across four 
plann�ng areas us�ng s�mulat�ons of assumed natural d�sturbance under unmanaged cond�t�ons. Results 
were used as a basel�ne reference po�nt to set context for subsequent development of herd-spec�fic 
recovery act�ons. Theoret�cal potent�al values for seasonal ranges were also calculated, plotted as maps, 
and used as a second reference po�nt to further the recovery context.

Our goal was to recommend management act�ons that would lead to self-susta�n�ng populat�ons of 
“threatened” woodland car�bou. Th�s goal was more spec�fically defined by:

• Ecolog�cal cond�t�ons that allow populat�ons to be self-susta�n�ng—th�s cond�t�on �s to be accom-
pl�shed w�th�n n�ne generat�ons or 60 years;

• Herd-level targets of >100 an�mals and a dens�ty of > 50 an�mals/1000 km2; and
• Amounts of all seasonal ranges w�th�n or above the range of var�at�on expected based on assumed 

patterns of natural d�sturbance (�.e., seasonal ranges were character�zed by forage values, potent�al 
d�splacement of car�bou through human act�v�t�es, and r�sk of mortal�ty—all modelled us�ng the 
Car�bou Hab�tat Assessment and Supply Est�mator);

In places where the recovery goal was cons�dered ecolog�cally feas�ble, management act�ons focus 
on establ�sh�ng recovery of car�bou to the defined cond�t�ons. In places where herds were �n decl�ne, 
management act�ons focussed on halt�ng the decl�ne of car�bou w�th�n one generat�on (7 years) and pro-
mot�ng stable or �ncreas�ng populat�on trends over the next three generat�ons (20 years).

A second goal was to keep stakeholders �nformed of efficacy of recovery plann�ng through �mplemen-
tat�on of, and regular report�ng on, an effect�veness mon�tor�ng program.

Ecolog�cal feas�b�l�ty to recover car�bou �n the plann�ng areas was s�gn�ficantly affected by the 
assumpt�on that moose (Alces alces) were a relat�vely recent and now permanent part of the natural pred-
ator-prey system. On the bas�s of hab�tat supply analyses, th�s assumpt�on led to pred�ct�ons of reduced 
qual�ty and quant�ty of low-elevat�on hab�tats for car�bou (�.e., p�ne-l�chen w�nter range, post-rutt range, 
movement corr�dors), the outcome of wh�ch was �nterpreted to lead to reduced car�bou herds compared 
to h�stor�c levels. However, w�th respect to the general recovery targets we pred�cted:

• Recovery can l�kely be ach�eved for the Chase herd g�ven the suffic�ent and relat�vely well-balanced 
seasonal range values est�mated from modell�ng;

• By compar�son, there was lower probab�l�ty of recovery for the Wolver�ne herd. The worst case sce-
nar�o w�th�n th�s recovery plann�ng area was that populat�on stab�l�ty �n the future would l�kely be 
accompan�ed by a s�gn�ficant reduct�on from current herd s�ze g�ven the est�mated m�nor amount 
of qual�ty, low-elevat�on ranges (�.e., we pred�cted �nsuffic�ent low-elevat�on range area to keep th�s 
herd from evolv�ng �nto one that uses h�gh-elevat�on ranges exclus�vely);
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• The Takla herd �s expected to rema�n relat�vely stable at current numbers (�.e., we noted th�s herd 
had a natural, h�stor�c trend for us�ng h�gh-elevat�on ranges exclus�vely and we expected the qual�ty 
of these ranges can be ma�nta�ned �n the future); and

• Recovery of the Scott herd was least l�kely of all the four herds (�.e., we pred�cted th�s herd to 
cont�nue decl�n�ng and to develop s�m�lar hab�tat-use behav�our as Takla, becom�ng �solated �n 
d�str�but�on to the mounta�ns east of the W�ll�ston Reservo�r).

Results from habitat supply analyses were also used to guide development of specific recovery actions 
focussed on:

• Retent�on of h�gh-elevat�on range values (h�gh-elevat�on w�nter range, calv�ng and summer range) 
�n all recovery plann�ng areas;

• Retent�on of low-elevat�on range values (p�ne-l�chen w�nter range, post-rut range, movement cor-
r�dor range) �n the Chase and Wolver�ne plann�ng areas;

• M�t�gat�on of the forecasted fall-down of p�ne-l�chen w�nter range that was pred�cted to occur �n 
the Chase and Wolver�ne recovery plann�ng areas; 

• M�t�gat�on of the predat�on r�sk where spat�al configurat�ons of early-seral forests depart from that 
expected under natural d�sturbance; and

• Enhanced mon�tor�ng by way of:
 · Regular census of caribou populations; and
 · Annual evaluation of modelled early-seral forests; and
• Further research associated with:
 · The potent�al for poor-qual�ty low-elevat�on ranges to become a barr�er between seasonal
  ranges;
 · Interact�ons between mounta�n p�ne beetle salvage and �mplementat�on of recovery act�ons; and
 · Efficacy of management to m�t�gate predat�on r�sk.

We outline issues that need to be addressed in a social and economic review of the recovery actions. 
We also forward procedures whereby proponents for natural resource development can assess impacts of 
future development plans and regularly monitor change to the amount and quality of seasonal ranges.

The work of the technical team and the rig grew from a research program first implemented by 
Slocan Forest Products Ltd., and Finlay Forest Industries in 1998. Since that time, support for the team 
came from a variety of partners as follows: BC Ministry of Forests and Range, BC Ministry of Environ-
ment, BC Ministry of Agriculture and Lands, Peace/Williston Fish and Wildlife Compensation Program, 
Canadian Forest Products Ltd., and Abitibi Consolidated Company of Canada.

keywords: habitat supply modelling, habitat threats, north-central British Columbia, Rang�fer tarandus 
car�bou, recovery actions, risk of predation, species at risk, woodland caribou. 
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PrefAce

Th�s recovery act�on plan, for four herds of woodland car�bou �n north-central bc, was developed from 
December 2003 to December 2006 as an act�v�ty under the d�rect�on of the Northern Car�bou Recovery 
Implementat�on Group for North-central bc (for more �nformat�on see www.centralbccaribou.ca). The 
group, w�th a d�verse membersh�p represent�ng a w�de range of stakeholder �nterests, was formed at the 
request of government to work toward the development of recovery act�ons for the herds. The plan was 
wr�tten accord�ng to gu�dance prov�ded by the 2004 Operat�ons Manual produced by the Recovery of 
Nat�onally Endangered W�ldl�fe Work�ng Group. It thus may not be cons�stent w�th current requ�re-
ments of prov�nc�al or federal governments.

The plan presents a comprehens�ve foundat�on of �nformat�on to support dec�s�ons regard�ng man-
agement of car�bou range �n north-central bc. In part�cular, the recommended recovery act�ons po�nt 
to spec�fic measurable act�v�t�es that, �f �mplemented, are l�kely to support the ma�ntenance of car�bou 
populat�ons �n the area. Furthermore, the data, analyses, and hab�tat supply modell�ng w�ll prov�de 
basel�nes for compar�sons made �n the future and could be used at that t�me to assess effect�veness of 
recovery �mplementat�on. 

 The object�ve of th�s publ�cat�on �s to ensure that the knowledge gathered, �nformat�on developed, 
methods used to develop recovery act�ons, and the recovery act�on recommendat�ons are made broadly 
ava�lable to the conservat�on spec�al�sts, sc�ent�sts, government dec�s�on makers, resource managers, and 
others who may otherw�se be �nvolved �n recovery plann�ng.

R. Scott McNay      Gerald Kuzyk
Forest/W�ldl�fe Ecolog�st    Ungulate Spec�al�st
W�ldl�fe Infometr�cs Inc.    W�ldl�fe Sc�ence Sect�on
       bc M�n�stry of Env�ronment

http://www.centralbccaribou.ca
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IntrodUctIon

recovery background

Woodland car�bou (Rangifer tarandus caribou) are threatened throughout the Southern Mounta�ns 
Nat�onal Ecolog�cal Area (smnea) �n Br�t�sh Columb�a (bc) (cosewic 2000). Populat�on decl�nes �n 
many herds (Bergerud 1974; Thomas and Gray 2001; mctac 2002) and reduct�on �n the range of car�-
bou s�nce the early 1900s (Spald�ng 2000) have contr�buted to the�r current threatened status. Because 
bc �s a s�gnatory on the Nat�onal Accord for the Protect�on of Spec�es at R�sk,1 the status of car�bou �s 
a s�gn�ficant conservat�on �ssue �n the prov�nce (Paquet 2000; mctac 2002; bcfpb 2004; Page et al. 
2005).

To help address th�s conservat�on �ssue, the bc Government formed the Northern Car�bou Recovery 
Implementat�on Group for North-central Br�t�sh Columb�a (henceforth, the rig) wh�ch operated under 
the ausp�ces of the Northern Car�bou Techn�cal Adv�sory Comm�ttee and �n latter years, the Spec�es 
at R�sk Coord�nat�on Office.2 Wh�le other rigs were establ�shed �n other parts of car�bou range �n bc, 
the goal of the North-central rig was to recommend ecolog�cally based recovery act�ons for the most 
northern local populat�ons of the terrestr�al-l�chen feed�ng ecotype of woodland car�bou �n the smnea. 
Spec�fically, �n north-central bc the smnea herds are known as the Wolver�ne, Takla, Chase, and Scott 
herds. The rig fulfilled th�s obl�gat�on under d�rect�on from nctac, by tak�ng gu�dance from the 
Recovery of Nat�onally Endangered W�ldl�fe Programs recovery operat�ons manual (Nat�onal Recovery 
Work�ng Group 2004), and by referenc�ng �nformat�on from recent stud�es of car�bou �n north-central 
bc: Wood and Terry 1999, Terry and Wood 1999, Johnson 2000, Poole et al. 2000, and Lance 2002.

strategy for recovery of northern caribou in the southern mountain Population

Populat�on status of the car�bou herds �n north-central bc was summar�zed by nctac (�n prep)3 for all 
but the Scott herd (Table 1). Based pr�mar�ly on the perce�ved populat�on trend for these herds, nctac 
prov�ded a v�ab�l�ty rat�ng for the Wolver�ne, Chase, and Takla herds as vulnerable. Strateg�c recovery 
goals for northern car�bou that perta�n to the herds �n north-central bc were presented by nctac (�n 
prep) as follows:

• Goal 1: Northern car�bou are to be d�str�buted throughout the�r current range �n the smnea 
�nclud�ng: 
· Stable local populat�ons w�th ≥ 50 adult car�bou/1000 km2 or ≥ 100 adult car�bou (wh�chever �s 

greater);
· V�able local populat�ons �n the north-central meta-populat�on and connect�v�ty between local 

populat�ons;
· A m�n�mum populat�on goal w�ll be set for the north-central meta-populat�on when better local 

populat�on est�mates and trends are ava�lable; and
· Suffic�ent cr�t�cal hab�tat to support local populat�on goals �n the long term.

• Goal 2: Recovery of �dent�fied local populat�ons at r�sk; and
• Goal 3: Publ�c support for the recovery of northern car�bou and the�r hab�tats.

1 See the Env�ronment Canada web s�te at www.ec.gc.ca/press/widl_b_e.htm
2 See http://ilmbwww.gov.bc.ca/sarco/ 
3 nctac.  In Prep. A strategy for the recovery of Northern Car�bou �n the Southern Mounta�n Nat�onal Ecolog�cal Area �n Br�t�sh Columb�a.  

bc M�n�stry of Env�ronment, B�od�vers�ty Branch, V�ctor�a, BC.

http://www.ec.gc.ca/press/widl_b_e.htm
http://ilmbwww.gov.bc.ca/sarco/
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Pr�mary threats to car�bou and the�r hab�tat were noted by nctac (�n prep) as:

• Loss of space �n wh�ch to avo�d predators (�ncreased predat�on) due to:
 · Fragmentat�on of hab�tats through �ndustr�al development; and
 · Improved access and mob�l�ty exper�enced by predators;
• Loss of w�nter food supply on w�nter hab�tats due to human act�v�t�es;
• Loss of alternat�ve hab�tats;
• Illegal human k�ll of car�bou; and
• D�sturbance/d�splacement due to human act�v�t�es.

the north-central rIg

Under the ausp�ces of nctac and �ts strateg�c recovery goals for car�bou, we developed a Terms of Ref-
erence for the rig (Append�x a) wh�ch, among other adm�n�strat�ve deta�ls, �ncluded �ts organ�zat�onal 
framework, role, and respons�b�l�t�es. Although membersh�p �ntent�onally spanned a w�de var�ety of 
stakeholder and �nterest groups (Append�x b), we asked members to prov�de part�c�pants who had some 
background knowledge �n the ecology of woodland car�bou. Also, even though key stakeholders part�c�-
pated �n the rig, we acknowledged as part of the Terms of Reference, that the focus for work was clearly 
placed on recovery of car�bou. Potent�al soc�al and econom�c consequences of recovery were to be the 
subject of government rev�ew once our sc�ent�fic adv�ce on the ecolog�cal measures for recovery was 
del�vered. To that end, cons�stent w�th nctac strateg�c recovery goals for car�bou, our over-r�d�ng goal 
was to effect recovery of the four herds w�th�n our jur�sd�ct�on and th�s was largely to be accompl�shed 
through subm�ss�on of recommended recovery act�ons to government. Gu�dance on evaluat�ng progress 
from a b�olog�cal perspect�ve was not ava�lable from the Nat�onal Recovery Work�ng Group (2004) and, 
therefore, we do not address th�s evaluat�on spec�fically. In a more general way, we cons�dered that our 
success could be mon�tored on the bas�s of the follow�ng:

• The extent to wh�ch recovery goals and object�ves have been met;
• Changes �n populat�on s�ze, trend, and product�v�ty;
• Ident�ficat�on of recovery/surv�val hab�tat;

tABLe 1  Population size, trend, and density for woodland caribou herds of north-central British Columbia 
(adapted from NCTAC in prep).

   % of northern Trendb Reliabilityc   Density 
   caribou in   Range rmz  (number/
Herd  Sizea in smnea st lt st lt   (km2)d (km2)e 1000 km2)f

Wolver�ne 400 8 i i m h 8 315 8 443 71
Takla  100 2 s s m m 1 850 4 920 54
Scottg  ne ne ne ne ne ne ne ne ne
Chase  700 14 s s m h 11 390 17 330 50

a Numbers are est�mated 2002 late w�nter populat�on as �n nctac (�n prep)
b Populat�on trend �ncludes long-term (lt) or 20 years, and short-term (st) or 7 years. i = �ncreas�ng, s = Stable, d = decl�n�ng.
c Rel�ab�l�ty of est�mates �s subject�vely determ�ned as not all local populat�on est�mates are done �n a manner that allows calculat�on of 

confidence �ntervals. l = low, m = moderate, h = h�gh rel�ab�l�ty.
d Current occup�ed range by Northern Car�bou.
e rmz �s Resource Management Zone
f Dens�ty = (Local Populat�on S�ze/Current Range)*1000
g ne = Not est�mated
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• Proport�on of �dent�fied recovery/surv�val hab�tat that �s �dent�fied for management under some 
recovery act�on;

• Success �n m�t�gat�ng �dent�fied threats;
• The extent to wh�ch stakeholders have been consulted or have become �nvolved �n recovery act�v-

�ty;
• Success of publ�c outreach, awareness, and educat�on programs �n�t�ated by the recovery team; and 

(or);
• Level of publ�c support for recovery work (e.g., number of favourable or unfavourable med�a re-

ports; change �n level of publ�c fund�ng be�ng �nvested �n recovery of the spec�es).

Th�s recovery act�on plan, and the work of the rig through regularly scheduled meet�ngs, was struc-
tured to prov�de:4

• A statement of measurable recovery goals, threats to hab�tat, and the management tools ava�lable to 
m�t�gate threat;

• Systemat�c and transparent �dent�ficat�on of hab�tat, �nclud�ng analyt�cal approaches to define cr�t�-
cal hab�tat and cons�derat�on of the requ�rement for res�dence;

• Recovery act�ons spec�fic to local herds; and
• An outl�ne for soc�o-econom�c �mpl�cat�ons of recovery opt�ons.

caribou in north-central british columbia

Description of Recovery Planning Areas and Caribou Ranges 

Intersected by the northern boundary of the smnea, the Mackenz�e and Fort St. James Forest D�str�cts 
are adjacent forest management un�ts extend�ng more than 6.1 m�ll�on ha and 3.1 m�ll�on ha, and w�th 
annual allowable t�mber volume harvests of 3.1 m�ll�on m3 and approx�mately5 3.7 m�ll�on m3, respect�ve-
ly. Four threatened car�bou herds occur �n these management un�ts. We updated the nctac del�neat�on 
of these herd areas (Append�x a) by subject�vely enclos�ng all relocat�ons of rad�o-collared car�bou us�ng 
boundar�es based on �dent�fiable topograph�cal features such as major r�vers or valleys (F�gure 1). 

Relocat�ons of rad�o-collared car�bou were observed from 1996 to 2005 (n = 70 787 relocat�ons). To 
address the pr�or�ty for recovery of threatened herds, we del�neated four plann�ng areas by way of en-
compass�ng the h�stor�c and current range use by car�bou wh�le allow�ng for spat�al connect�v�ty among 
herds (F�gure 2). Spat�al connect�v�ty among herds was assumed to be demonstrated where the herds 
apparently st�ll overlap (F�gure 1). Where spat�al overlap apparently d�d not occur, we assumed con-
nect�v�ty could occur, and therefore �ncluded land between herds allow�ng for the poss�b�l�ty of hab�tat 
recovery (e.g., the area between the Scott and Wolver�ne herds �n F�gure 2).

The Wolver�ne recovery plann�ng area was 844 312 ha �n roll�ng h�gh-elevat�on footh�lls and �ncluded 
four major watersheds of the Om�neca, Manson, Klawl�, and Germansen r�vers. The Scott recovery 
plann�ng area was 594 894 ha and due east of the Wolver�ne recovery plann�ng area and s�tuated along 
the floodpla�n of the h�stor�c watercourse of the Parsn�p R�ver (now the W�ll�ston Reservo�r). The Chase 
recovery plann�ng area was 1 733 038 ha s�tuated �n steep mounta�nous terra�n and had three major 
watersheds �nclud�ng the Ingen�ka, Os�l�nka, and Mes�l�nka r�vers. The Takla recovery plann�ng area was 
492 051 ha and due west of the Wolver�ne recovery plann�ng area and surrounds a large freshwater lake. 
Valley bottoms and m�d-slopes of the four recovery plann�ng areas are dom�nated by relat�vely cool and 

4 Spec�fic �nformat�on about the funct�on of the rig, �nclud�ng meet�ng agendas and m�nutes, �s ava�lable at ftp.mcgregor.bc.ca. 
5 The lead author calculated th�s figure as a d�rect proport�on of the annual allowable cut (9.1 m�ll�on m3) for the larger Pr�nce George T�mber 

Supply Area (7.6 m�ll�on ha) w�th�n wh�ch the Fort St. James Forest D�str�ct occurs.
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figuRe  1  Location of herd areas for the Chase, Wolverine, Takla, and Scott woodland caribou herds in 
north-central British Columbia. Darker areas within the herd represent individual relocations of radio-collared 
caribou. The yellow line represents the northern border of the Southern Mountain National Ecological Area.
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figuRe  2  Location of recovery planning areas for the Chase, Wolverine, Takla, and Scott woodland cari-
bou herds in north-central British Columbia. The yellow line represents the northern border of the Southern 
Mountain National Ecological Area.
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dry, or cool and mo�st macrocl�mates of short grow�ng seasons lead�ng to boreal ecosystems of wh�te and 
black spruce (Picea glauca and P. mariana) (Me�d�nger and Pojar 1991). Cold temperatures dom�nate the 
cl�mate w�th average da�ly temperatures below freez�ng for half the year and three-quarters of the annual 
prec�p�tat�on fall�ng as snow. Large-scale and frequent w�ldfires were character�st�c pr�or to fire control 
pol�cy (Delong 2002). Common �n these ecosystems are large, relat�vely flat areas of well-dra�ned fluv�al 
depos�ts, wh�ch �n comb�nat�on w�th frequent and large fires gave r�se to large areas of even-aged lodge-
pole p�ne (Pinus contorta) dom�nated forest stands. Generally, a cold mo�st macrocl�mate w�th long, cold 
w�nters character�zes upper slopes where Englemann spruce (P. engelmannii) dom�nates. At the northern 
extent of the Chase recovery plann�ng area, dec�duous shrubs can dom�nate these upper slopes. Alp�ne 
tundra preva�ls above tree l�ne throughout the recovery plann�ng area.

The Wolver�ne, Chase, and Takla herds have an est�mated 460 (W�lson et al. 2004a), 550 (Z�mmerman 
et al. 2002), and 125 (W�lson et al. 2004b) car�bou, respect�vely (Table 2). No formal populat�on est�mate 
has been made for the Scott herd but anecdotal reports range from a few �nd�v�dual an�mals to, on one 
occas�on, a group of 23 an�mals. 

Seasonal range use var�es w�th�n and among herds, and some �nd�v�dual car�bou sw�tch seasonal 
range use among years. In general, m�gratory car�bou move relat�vely long d�stances (60–120 km). In 
m�d-October through November car�bou congregate on post-rut ranges at relat�vely h�gh elevat�ons and 
by about late December, move to low-elevat�on p�ne-l�chen w�nter ranges. Depend�ng on snow cond�-
t�ons on p�ne-l�chen w�nter ranges, car�bou may move back and forth through the w�nter between th�s 
range at low-elevat�on and a h�gh-elevat�on w�nter range (C�chowsk� 1993; Terry and Wood 1999; Wood 
and Terry 1999; Johnson et al. 2002). Although pr�mar�ly d�fferent�ated by the�r relat�ve elevat�on and 
snow cond�t�ons, these two w�nter ranges also d�ffer �n tree spec�es compos�t�on and forage ava�lab�l-
�ty (Johnson et al. 2001). In Apr�l through m�d-May, car�bou travel from h�gh-elevat�on w�nter ranges, 
through movement corr�dor ranges, to calv�ng and summer ranges where they stay unt�l the post-rut 
congregat�on. Other car�bou, �n some years, rema�n relat�vely sedentary find�ng all seasonal resources 
w�th�n smaller areas. Generally, car�bou choose to stay at h�gher elevat�ons as long as poss�ble as a way to 
avo�d relat�vely h�gher r�sk of predat�on by wolves (Canis lupus) that typ�cally ex�sts at lower elevat�ons 
(Bergerud and Page 1987; Se�p 1992; Johnson et al. 2002). 

In contrast w�th the rest of the Southern Mounta�ns Nat�onal Ecolog�cal Area, our plann�ng areas had 
relat�vely large, unmanaged forests w�th extens�ve �ndustr�al development beg�nn�ng only after construc-
t�on began on the W.A.C. Bennett hydro-electr�c dam �n 1961. Subsequent flood�ng of the F�nlay, Peace, 
and Parsn�p r�vers created bc’s largest body of freshwater wh�ch has l�kely been a barr�er to car�bou m�-
grat�on and contr�buted to reduct�ons of car�bou, part�cularly �n the Scott recovery plann�ng area. Pr�or 
to hydro-electr�c and forest development, the area was occup�ed pr�mar�ly by Carr�er (Tsay Keh Dene) 
and Sekan� (Kwadacha) F�rst Nat�ons and by gold m�ners occupy�ng small commun�t�es �n the Wolver-
�ne and Takla herd areas. F�rst Nat�ons reported h�stor�c seasonal use of the area by wolves, a pr�mary 
predator of car�bou. Trad�t�onal knowledge from F�rst Nat�ons descr�bes an �ncrease �n the abundance of 
wolves and the�r more pers�stent presence throughout the year follow�ng the first appearance of moose 
(Alces alces) �n the early 1920s (McKay 1997).

Basic Factors of Decline

Although the l�fe h�story and range use of car�bou vary w�dely (Heard and Vagt 1998), at the northern 
extent of the�r d�str�but�on �n the smnea, car�bou prefer lodgepole p�ne forests at m�d-to low-elevat�ons 
dur�ng fall and w�nter (Johnson et al. 2002). Car�bou use these p�ne-l�chen w�nter ranges cont�nuously 
from m�d-October through m�d-May, or only for �ntervals d�spersed through that t�me per�od, or not at 
all �n some years, depend�ng on the spec�fic ecolog�cal sett�ng and w�nter cl�mate (Se�p 1998; Terry and 
Wood 1999; Wood and Terry 1999; Poole et al. 2000; Johnson et al. 2002). Th�s w�nter range �s typ�cally 
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tABLe 2 Woodland caribou population survey results for herds in north-central British Columbiaa

 Classificationf

                     Calves:
Month	 Year	 Herdb	 Areac	 Typed	 No.e	 Min	 Mean	 Max	 m	 f	 adun	 jm	 jf	 jun	 cm	 cf	 cun	 u	 Areag	 100	Cows

Oct  1978 wol p tc 8      7      1  1300 
Oct  1979 wol p tc 15      12      3  1300 
Oct  1978 cha p tc 13      12      1  1010 
Feb  1989 wol p tc 214    46 133    35      
Feb  1989 wol e ex  200  250            26
Sep  1990 cha p  63    15 35       13   
Mar  1993 cha p tc 397    101 198  6 24  25 42  1  33
  1993 cha p tc  396 690 1085            
  1993 cha p tc                
  1993 cha e ex  600  700            
Feb  1993 wol p tc 66  100  15 43       8   19
  1993 wol p tc  200  250            19
  1993 wol e ex  250  300            
Jun  1994 wol p cs 45    2 22  3 2    16   73
Mar  1996 wol p tc 204  204  74 109     6 13 2   19
  1996 wol e ex  262 361 580           4933 
Feb  1998 tak p tc 102               
Feb  1999 wol p srs 91    31 42  4 1  5 4 4   30
Mar  2000 cha t tc 127    25 78 1 1 2 2 4 3 8 3  19
May 2000 cha t cs                20
Jun  2000 cha t cs                44
Jun  2000 cha t cs                69
Jun  2000 cha t cs                60
Jun  2000 cha t cs                54
Mar  2000 wol t tc 115    28 67 4 4 1  4 6  1  15
May 2000 wol t tc                
Jun  2000 wol t tc                
Jun  2000 wol t tc                
Jun  2000 wol t tc                
Jun  2000 wol t tc                



�0 tABLe 2 Continued         

 Classificationf

                     Calves:
Month	 Year	 Herdb	 Areac	 Typed	 No.e	 Min	 Mean	 Max	 m	 f	 adun	 jm	 jf	 jun	 cm	 cf	 cun	 u	 Areag	 100	Cows

Mar  2001 cha t pc 174    58 76 5 1  1  1 27 5  36
Mar  2001 wol t pc 134    39 62 11    3  16 3  31
Mar  2002 cha t srs 225 290 369 448 50 73 46   11   28 17 9700 28
  2002 cha e ex   575            9700 
Jan  2002 wol p te  25  30            
Mar  2002 wol t srs 152 412 471 530 27 62 20   1   36 6 5623 58
Mar  2002 wol e ex   590            5623 
Jan  2004 sco t te 28               
Jan  2004 tak t tc 125    32 65 3    2 11 12   39
Feb  2004 wol t srs 205 183 460 863 41 88 37      39   37
Feb  2006 cha t srs 100               
a References: Corbould 1993, Hatler 1989, Hengeveld and Wood 2000, Lance 2002, melp 1983, W�lson et al. 2004a, W�lson et al. 2004b, Wood 1993, Wood 1994, Wood 1996, Wood 1998, Z�mmerman et al. 

2001, and Z�mmerman et al. 2002.
b  Car�bou herds: wol = Wolver�ne, cha = Chase, tak = Takla, and sco = Scott;
c  Area refers to the port�on of the herd area surveyed: p = part�al, t = total, and e = extrapolated to total based on sample;
d Type of survey: tc = total count, srs = strat�fied random sample, cs = calf po�nt-count, pc = po�nt count, and ex= po�nt-count extrapolated;
e  No. �s the total populat�on counted or est�mated;
f  Class�ficat�on: m = male adults, f = female adults, adun = adult unknown gender, jm = juven�le male, jf = juven�le female, jun = juven�le unknown gender, cm = male calf, cf = female calf,  

cun = calf unknown gender, and u = unknown; and
g  Area �s the area covered by the survey.
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found on relat�vely flat terra�n and �s therefore also eas�ly developed for res�dent�al, agr�cultural, recrea-
t�onal, and �ndustr�al use. Unt�l the recent mounta�n p�ne beetle (Dendroctonus ponderosae) ep�dem�c 
(Eng et al. 2005), d�sturbance of p�ne-l�chen w�nter range �n north-central bc was mostly from natural 
fires and, more recently, from road bu�ld�ng and t�mber harvest�ng. When not us�ng p�ne-l�chen w�nter 
ranges, car�bou use other ranges at h�gher elevat�ons that, by compar�son, undergo fewer human-caused 
and natural d�sturbances. 

Where t�mber harvest�ng occurs �n car�bou range, the result�ng early seral forests support abundant 
moose (Eastman 1977; Cumm�ng 1992; Franzmann and Schwartz 1998), wh�ch leads to h�gh dens�t�es of 
wolves (Mess�er 1994; Mess�er et al. 2004). T�mber harvest�ng, and the result�ng early seral forests, lead 
to patches of �ncreased moose and �ncreased wolves throughout the m�l�eu of older forest. Compound-
�ng th�s spat�al d�str�but�on of �ncreased wolves �s the development of roads that prov�de wolves’ ease of 
travel and, purportedly, an �ncrease �n the�r hunt�ng effic�ency (James and Stuart-Sm�th 2000). Whether 
wolves prey pr�mar�ly on moose and k�ll car�bou �nc�dentally (Mess�er 1995), sw�tch to car�bou as eas�er 
prey (Dale et al. 1995; Mess�er 1995), or cont�nue an or�g�nal select�on for car�bou and use moose as an 
alternate prey (Mess�er 1995, Ballard et al. 1997), we expect car�bou populat�ons to exper�ence greater 
mortal�ty than they would w�thout moose as a co-hab�tant. When moose are abundant, wolves appar-
ently do not exper�ence negat�ve feedback from decl�n�ng car�bou populat�ons (Chowns and Gates 
2004; James et al. 2004; Mess�er et al. 2004). The �ncreased predat�on effect on car�bou, �nd�rectly caused 
by logg�ng, has been demonstrated by W�ttmer et al. (2005), and �s a cons�stent focus w�th�n recovery 
strateg�es for car�bou �n the southern part of the�r range �n Br�t�sh Columb�a (mctac 2002) as well as 
elsewhere �n Canada (Chowns and Gates 2004).

Historic Efforts to Conserve Habitat for Caribou

The earl�est efforts to map car�bou hab�tat �n north-central bc arose after the first data were collected on 
rad�o-collared car�bou from 1991–1997 (Wood and Terry 1999, Terry and Wood 1999), but the mapp�ng 
was not publ�shed unt�l the �n�t�at�on of the Mackenz�e Land and Resource Management Plan (mlrmp) 
process �n 1999. By current standards, the mlrmp maps were of coarse resolut�on spat�ally and lacked 
range defin�t�on (�.e., no seasonal context). On the bas�s of th�s mapp�ng and founded on �nformat�on 
concern�ng the apparent �nteract�ons among road bu�ld�ng, t�mber harvest, other ungulates, predators, 
and car�bou mortal�ty, the Government of bc (bc Govt 2000; bc Govt 1999) developed three strateg�es 
to conserve hab�tat for car�bou �n north-central bc: 

1)  Protect port�ons of car�bou range by proh�b�t�ng �ndustr�al development (bc Govt 2000); 
2) In unprotected areas, set l�m�ts on the total allowable �mpact to car�bou range due to �ndustr�al 

development (bc Govt 1999); and 
3)  Where t�mber harvest�ng occurs w�th�n car�bou range, promote “large patch” forest management 

(e.g., Racey et al. 1999). Large patch management �s �ntended to spat�ally concentrate forest harvest 
thereby leav�ng larger patches of und�sturbed car�bou range (bc Govt 2000).

Concurrent to the development of mlrmp strateg�c d�rect�on, and follow�ng the �n�t�al s�x-year study 
of car�bou �n the area, Johnson (2000) began a three-year study of car�bou �n the Wolver�ne herd area 
extend�ng the mon�tor�ng of rad�o-collared car�bou to 1999. S�multaneously, Poole et al. (2000) were 
mon�tor�ng rad�o-collared car�bou �n the Takla herd area. Lance (2002) overlapped these stud�es w�th 
mon�tor�ng �n a small port�on of the Wolver�ne herd area from 1997–2001. In 1999, and largely as a 
mlrmp �mplementat�on tact�c, a larger and more comprehens�ve study, the Om�neca Northern Car�bou 
Project (oncp), was begun and �s ongo�ng.
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The oncp was focussed pr�mar�ly on the Chase and Wolver�ne herds (Heard and Vagt 1998) but �n 
latter years expanded to �nclude the Takla and Scott herd areas. We strateg�cally structured the oncp to 
be comprehens�ve on a number of study themes.

1. The study des�gn �ncluded four related and complementary sectors: modell�ng, pol�cy, adapt�ve 
management, and mon�tor�ng.

2. The study was �ntended to cross troph�c levels and therefore focussed not only on the vegetat�ve 
character�st�cs of car�bou range, but also addressed the d�str�but�on of other ungulates (�.e., moose) 
and pr�mary predators (�.e., wolves).

3. The study was �ntended to address a range of spat�al levels so adapt�ve management projects fo-
cussed on s�te-spec�fic �ssues (e.g., abundance of terrestr�al l�chens) as well as landscape-level �ssues 
(e.g., r�sk of predat�on).

4. Goals for the study extended beyond the accumulat�on of data and sc�ent�fic �nformat�on and so 
modell�ng focussed on transparency and tool development as well as form�ng a framework for 
more trad�t�onal hypothes�s structur�ng and test�ng.

The oncp has been pr�mar�ly supported through the forest �ndustry, a var�ety of government agen-
c�es, Peace/W�ll�ston F�sh and W�ldl�fe Compensat�on Program, and �ndependent, unsol�c�ted research 
proposals. Total fund�ng for the program s�nce January 1999 and ant�c�pated to March 2007 has been 
$6.4 m�ll�on, result�ng �n a w�de var�ety of products wh�ch generally �nclude populat�on surveys (car�bou, 
moose), relocat�on of rad�o-collared an�mals (car�bou, moose, wolves), weather mon�tor�ng, hab�tat sam-
pl�ng, mortal�ty s�te �nvest�gat�ons (car�bou, moose, wolves), hab�tat supply modell�ng, seasonal range 
maps, contr�but�ons to ungulate w�nter range pol�cy, techn�cal reports, newsletters, posters, and sl�de 
show presentat�ons.6 Among other outcomes, the results of the oncp and other stud�es of car�bou �n the 
area, have prov�ded a wealth of �nformat�on and hence placed the rig �n a pos�t�on to prov�de a sol�d 
sc�ent�fic bas�s for recommendat�ons to government on the ecolog�cal aspects for recovery of car�bou.

Traditional Knowledge about Caribou from First Nations People

Knowledge about car�bou �n north-central bc was gathered from F�rst Nat�ons people l�v�ng w�th�n the 
car�bou recovery plann�ng areas �n two ways:

1. Summary of an �ntens�ve ser�es of �nd�v�dual, repeated �nterv�ews w�th elders and other long-stand-
�ng res�dents of the backcountry (e.g., trappers and m�ners) �n and around Takla Lakes, Valleau 
Creek, and the Klawl� R�ver area extend�ng as far north and east as Germansen Land�ng (McKay 
1997). The F�rst Nat�ons bands contacted were pr�mar�ly Takla, Tl’azt’en, and Nak’azdl�; and

2. A ser�es of �nterv�ews w�th a small collect�on of Tsay Keh Dene people conducted by the authors 
dur�ng the summer of 2004.

Summary	of	Takla/Nak’azdli	Interviews

The �nterv�ews (McKay 1997) were conducted �n the v�c�n�ty of Vanderhoof, Fort St. James, Takla Land-
�ng, Manson Creek, and Germansen Lake and �nvolved d�scuss�ons w�th F�rst Nat�ons people and other 
long-term res�dents hav�ng first-hand knowledge about car�bou, or descendants of those hav�ng s�gn�fi-
cant knowledge about car�bou. The follow�ng are key observat�ons extracted from the account by McKay 
(1997).

6 More spec�fic reference to products from the oncp and other stud�es of car�bou �n north-central bc can be obta�ned at    
http://www.centralbccaribou.ca/crg/15/studies.

http://www.centralbccaribou.ca/crg/15/studies
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• Observat�ons repeated �n mult�ple �nterv�ews:
· Car�bou us�ng lakes (dur�ng �ce-free t�mes) as refuge from wolves;
· Car�bou us�ng lakes �n w�nter to “l�ck the clear �ce”;
· Car�bou be�ng hunted and k�lled on lakes (�.e., espec�ally Johannsen, Takla, Germansen, and 

Wolver�ne lakes when they were frozen);
· F�rst moose observed 1914–1921;
· More wolves s�nce about 1938;
· By the 1940s, car�bou were d�sappear�ng—no not�ceable change pr�or to 1937;
· One mounta�n (Meska Mounta�n) could be black w�th car�bou; up to 500 or 600 an�mals. We 

note that th�s could be the “Too-D�n�e Mounta�n”, now known as Two Man Mounta�n, wh�ch 
came up a few t�mes as a preferred hunt�ng ground. Th�s area �s northwest and just outs�de the 
Chase recovery plann�ng area.

· Car�bou numbers, southwest �n the Wolver�ne recovery plann�ng area, were never very large 
—the most �n any one group would be about 40.

· Car�bou used to w�nter at lower elevat�ons �n the Takla Lake area (apparently they no longer do).
• Observat�ons taken from s�ngle accounts:

· Bear predat�on on calves �s s�gn�ficant;
· M�lder w�nters (s�nce the early to m�d-1800s) resulted �n more frequent fires and a h�gher tree 

l�ne, wh�ch �n turn led to two major changes:
  · more moose; and
  · more pers�stent occurrence of wolves;

· Major m�grat�ons of car�bou (�.e., days of cont�nuous movement of an�mals past a po�nt) have 
not occurred s�nce about 1930 and the change �n cl�mate, and the repercuss�ons ment�oned 
above, were cons�dered to be the ult�mate cause;

· M�n�ng of the 1930s d�dn’t help the already poor s�tuat�on for car�bou;
· Car�bou numbers on Baldy Mounta�n (n = groups of 15–20) and Germansen Lake (n = 35–40) 

�n the 1960s;
· Car�bou eat the black hang�ng fuzz (�nterpreted as arboreal l�chens);
· Car�bou m�grat�on to Mount M�ll�gan dur�ng 1936–1940 (now bas�cally no known use by 

car�bou);
· Observat�ons of about 20 car�bou �n the Scott herd area;
· Car�bou numbers have �ncreased �n the past two decades.

Summary	of	Tsay	Keh	Dene	Belief	Model

The follow�ng bel�ef model �s an �nterpretat�on of ev�dence collected �n a br�ef meet�ng w�th a small 
collect�on of �nd�v�duals and �s not �ntended to necessar�ly represent the common bel�ef of all Tsay Keh 
Dene. In �ts current format, the model �s only conceptual.

Identification of Seasonal Ranges

Class�ficat�on of seasons as they apply to car�bou ecology was �nterpreted from observat�ons of car�-
bou movement patterns through t�me. Car�bou generally began appear�ng �n Apr�l and May when they 
tended to use “over-flow waters” on lakes that were st�ll �ce-bound, m�neral l�cks where they were ava�l-
able, and most often, the p�ne-dom�nated areas w�th abundant “wh�te moss.”7 Car�bou then d�sappeared 
�n late May, presumably �n�t�at�ng a per�od of m�grat�on. It �s noteworthy that th�s latter bel�ef comes 
only from the observat�on of car�bou d�sappear�ng rather than from d�rect observat�on of where car�bou 

7 Note that we confirmed th�s as terrestr�al l�chens through the use of p�ctures.
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went. Car�bou were encountered next at h�gher elevat�ons dur�ng summer w�th the�r calves. Therefore, 
�t was bel�eved the m�grat�on �n late May was for calv�ng. The m�grat�on �n May therefore �nd�cated the 
end of spr�ng and beg�nn�ng of the calv�ng season. Summer was est�mated to be July through the beg�n-
n�ng of September, wh�ch then led to the �nterpretat�on that the calv�ng season extended through June. 
Observat�ons of car�bou cont�nued to be made pr�mar�ly at h�gh elevat�ons dur�ng the rut per�od of late 
September through October and rut was noted as a spec�fic season. A second m�grat�on per�od began �n 
m�d-November to early December when car�bou aga�n appeared more frequently at low elevat�ons. Th�s 
m�grat�on �nd�cated the beg�nn�ng of the early w�nter season. Some car�bou, but not always all car�bou, 
d�sappeared aga�n �n January. Car�bou were presumed to go to h�gher elevat�ons where they stayed unt�l 
Apr�l. Use of h�gh elevat�on �n th�s late w�nter season was based on the apparent d�sappearance of some 
car�bou from low elevat�ons and the observat�on of cast bull8 antlers d�str�buted �n the alp�ne area.

Calving Range – Late May through June

Tsay Key Dene part�c�pants �nferred that car�bou use h�gh-elevat�on s�tes near the tree l�ne for calv�ng 
although there was no d�rect ev�dence of th�s. It was put forth that the an�mals preferred s�tes that had a 
south aspect and deep snow cond�t�ons. The deep snow prov�ded a means of protect�on, through l�m�t-
�ng access, whereby car�bou would not be harassed/d�sturbed by e�ther humans or predators.

The calv�ng model produces an output, or final value, called Calv�ng Range Value to Car�bou 
(F�gure 3). To est�mate th�s value, a relat�onsh�p between the su�tab�l�ty of a s�te for calv�ng (Calving 
Suitability), and the r�sk of us�ng that s�te (Risk of Predation), was assessed. The Risk of Predation was 
determ�ned to be the l�kel�hood of a car�bou be�ng preyed upon wh�le us�ng the s�te. The occurrence of 
moose at low elevat�ons, and hence the attract�on of wolves to these s�tes, were �nfluent�al �n assess�ng 
r�sk of mortal�ty for car�bou. Th�s relat�onsh�p �s expressed �n the “Predat�on and Moose” model (see 
the sect�on on R�sk of Predat�on) and was a funct�on present �n all range models. Calving Suitability was 
recogn�zed to be a funct�on of s�te-level attr�butes (Site Conditions) and the l�kel�hood that a car�bou 
would be d�splaced from a s�te (Displacement Factors). A var�ety of d�sturbances were �dent�fied, such 
as those from snowmob�les and hel�copters, or d�sturbance from �ndustr�al act�v�t�es such as m�n�ng. 
In d�scuss�ons w�th band members, the most �mportant s�te factors �dent�fied �n determ�n�ng good S�te 
Cond�t�ons were aspect (Aspect) and be�ng near the tree l�ne (Tree Line–Elevation). It was felt that be-
�ng near the tree l�ne prov�ded deeper snow cond�t�ons dur�ng th�s t�me of the year (calv�ng season) that 
helped to �solate car�bou from predators.

figuRe 3 Traditional knowledge calving range caribou model.

Site Conditions

Potential for Use

Calving Range ValueDisplacement Factors

Risk of Predation

Tree Line - ElevationAspect

8 We had to d�st�ngu�sh between bull and cow antlers because cow antlers would also have been cast at h�gh elevat�ons but dur�ng the calv�ng 
season.
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Summer Range – July through August

In the early summer, car�bou were observed ly�ng on patches of snow, wh�ch was bel�eved to be an 
attempt to l�m�t contact w�th fl�es. Dur�ng th�s per�od, car�bou forage pr�mar�ly on crowberry bushes 
(Empetrum nigrum). Hunt�ng by F�rst Nat�ons usually occurs dur�ng summer w�th the k�ll be�ng pr�mar-
�ly focussed on young bulls, for food, cloth�ng, and other uses.

Rut Range – September through October

Car�bou were bel�eved to stay �n the alp�ne areas dur�ng th�s t�me �n order to “dry the�r horns”.

Low-elevation Early Winter Range – Mid-December through January

Early w�nter hab�tat was �dent�fied as low-elevat�on s�tes that prov�ded terrestr�al l�chens for forag�ng. 
There was an assumpt�on that car�bou moved to these s�tes pr�mar�ly to get away from fresh accumula-
t�ons of snow at h�gher elevat�ons. Dur�ng th�s per�od car�bou foraged pr�mar�ly on terrestr�al l�chens. A 
number of s�te character�st�cs, select�ng for phys�cal attr�butes to �dent�fy l�chen types, were proposed. In 
general, band members �dent�fied character�st�cs of l�chen types as be�ng cons�stent w�th open p�ne for-
ests wh�ch were located on sandy and gravelly so�ls that were not recently d�sturbed. Forag�ng areas for 
early w�nter range were only �dent�fied at lower elevat�ons because �t was bel�eved there was too much 
snow at h�gher elevat�ons for car�bou to forage.

The model developed for th�s range type produces a summary value called Early Winter Range Value 
to Caribou (F�gure 4). The Early Winter Range Value to Caribou was determ�ned by summar�z�ng the 
relat�onsh�p between Potential for Use w�th Displacement Factors and r�sk (Risk of Predation). D�splace-
ment factors dur�ng th�s season were cons�dered to be pr�mar�ly by humans. The Potential for Use was 
determ�ned by assess�ng the potent�al for a s�te to prov�de forage (Lichen Potential) and the elevat�on 
of the s�te (Elevation). To be early w�nter range, �t was �dent�fied that a s�te must be at a low elevat�on, 
otherw�se there would be too much snow. Lichen Potential was dr�ven by five factors: three of the factors 
�dent�fied where l�chen s�tes would be located and two were used to �dent�fy what cond�t�on the l�chen 
commun�ty would be �n. The key s�te factors were: Soil Characteristics, Tree Species, and Crown Closure. 
Stand Age was used to �dent�fy the t�me s�nce the last d�sturbance and a Stand Disturbances node was 
�ncluded to recogn�ze var�at�ons �n l�chen development that result from d�fferent d�sturbance events.

figuRe 4 Traditional knowledge early winter range caribou model.

Lichen Potential

Potential for Use

Early Winter Range Value to CaribouDisplacement Factors

Risk of Predation

Soil CharacteristicsStand Disturbance

Stand Age Tree Species

Crown Closure

Elevation
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High-elevation Late Winter Range – February through April

There was an assumpt�on that car�bou moved to th�s range to access comparat�vely better snow con-
d�t�ons. Aga�n, car�bou l�kely sought these areas at h�gh elevat�on as ev�denced by cast male antlers 
observed later �n the year. G�ven where these cast antlers were found, we �nterpreted “better” snow con-
d�t�ons to mean less snow than would have occurred at lower elevat�ons (�.e., alp�ne areas blown free of 
snow). H�gh-elevat�on w�ndswept areas prov�ded access to forage w�thout the need to d�g through snow. 
There was also ment�on of car�bou forag�ng on tree moss9 dur�ng th�s t�me but we cannot confirm how 
th�s observat�on was made (�.e., d�rectly or �nferred from other ev�dence). Hence, the presence of l�chens 
and crowberr�es were �dent�fied as �mportant attr�butes necessary to �dent�fy areas good for car�bou. In 
th�s latter case, we �nterpreted “better” snow cond�t�ons to mean deep, consol�dated snow allow�ng car�-
bou access to arboreal l�chen forage.

Late Winter Range Value to Caribou was determ�ned by �dent�fy�ng areas that should prov�de abun-
dant forage (High Elevation Forage Availability) and a low Risk of Predation (F�gure 5). It was �dent�fied 
that abundant forage was found on s�tes express�ng character�st�cs to grow su�table vegetat�on (Likeli-
hood of Lichens and Crowberry), wh�ch was cons�dered to be terrestr�al l�chens and crowberry. These 
s�tes also had to be free of snow (Windswept Sites) and free of d�sturbance factors (Displacement Factors). 
Snow-free areas were cons�dered to be w�ndswept r�dges and the pr�mary d�sturbance factor �dent�fied to 
�nfluence late w�nter range was snowmob�les. The Likelihood of Lichens and Crowberries was determ�ned 
to be a funct�on of three phys�cal s�te factors: Elevation, Vegetation Characteristics, and Aspect. For a s�te 
to have a h�gh l�kel�hood to prov�de preferred vegetat�on, �t needed to be at a h�gh elevat�on, �n a veg-
etated state (�.e., not rock), and have a southeast aspect.

 

figuRe 5 Traditional knowledge late winter range caribou model.
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Tsay Key Dene part�c�pants �dent�fied that key m�grat�on routes were cons�stent w�th r�ver valleys. It was 
also �dent�fied that the value of a m�grat�on route decreased w�th the �nfluence of predat�on and of the 
occurrence of stand-level d�sturbances that created a younger forest matr�x. It was bel�eved that car�bou 
used only mature forest stands and were not cons�dered to be adaptable to young stands, espec�ally those 
less than 20 years old.

9 We confirmed th�s as arboreal l�chens through the use of p�ctures.
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Corridor Value was �dent�fied as the output for the m�grat�on areas model (F�gure 6). Corridor Value 
was a funct�on of an area be�ng a preferred route used by car�bou (Preferred Route – Caribou Use) that 
had a low r�sk assoc�ated w�th us�ng the route (Risk of Predation). To determ�ne �f a route was a preferred 
route �t needed to have potent�al as a Migration Route that was not �mpacted by s�te-level d�sturbances 
(�.e., logg�ng, w�ldfire). The �nfluence of s�te-level d�sturbance was determ�ned to be assoc�ated w�th the 
t�me s�nce the s�te was d�sturbed. As such, Stand Age was used as the measurable factor to �dent�fy young 
stands (< 20 years) that would be the least des�rable for car�bou use. The determ�nat�on of whether a 
locat�on had Migration Route Potential was based on factors such as Topographic Position and Distance 
from Major Rivers. For the locat�on to be good, �t needed to be a major r�ver valley (�.e., �n a valley w�th�n 
a defined d�stance [e.g., 500 m] of a major r�ver).

 

figuRe 6 Traditional knowledge migration corridor caribou model.

Risk of Predation

Predat�on �s a factor that was bel�eved to have potent�al to �nfluence car�bou year-round. Th�s �nfluence 
was descr�bed as a mult�faceted correlat�on between car�bou, wolves, and moose. The general framework 
presented was that moose were able to adapt to d�sturbance and could succeed �n young stands more so 
than car�bou. Thus, when levels of landscape d�sturbance were h�gh, there were more moose and l�kew�se 
there were more wolves. In landscapes w�th more wolves, the r�sk of predat�on to car�bou was h�gher. 
Wh�le these bel�efs tend to be correlated w�th popular profess�onal �nterpretat�ons (e.g., Mess�er et al. 
2004), there was d�rect ev�dence of trad�t�onal knowledge about the relat�onsh�p among moose, wolves, 
and car�bou �ndependently reported by elders from other bands �nterv�ewed earl�er by McKay (1997).

The output (Risk of Predation) for the r�sk model �s based on how well wolves can move—access to 
packed roads and tra�ls (Wolf Mobility Factors) and how many wolves there are (Wolf Abundance) (F�g-
ure 7). Wolf Abundance was recogn�zed to be a relat�onsh�p between Moose Abundance and Wolf Hunting 
Areas. Band members �dent�fied that wolves res�de at select areas where they are more l�kely to scavenge 
on natural mortal�ty (for example near sl�de areas). Moose abundance was �dent�fied to be an express�on 
of the amount of young stands (Stand Age) and the presence of certa�n plant commun�t�es, those that 
have w�llow and dogwood (Plant Communities); the greater the abundance of young stands and w�llow 
and dogwood plant commun�t�es on the landscape, the more moose that would be present.
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The Recovery Conundrum

In work�ng through th�s conceptual model of trad�t�onal knowledge, and �n part�cular the p�ece focussed 
on r�sk of predat�on, two pr�nc�ples became apparent:

1. Recovery of hab�tat cond�t�ons �n some herd areas would take a long per�od of t�me due to rates of 
forest growth and road rehab�l�tat�on; and

2. In the �nter�m, recovery of car�bou may need to address short-term restr�ct�ons �n the abundance 
and spat�al d�str�but�on of moose.

Th�s presented an obv�ous conundrum for the Tsay Keh Dene because of the �mportance of hav�ng 
abundant moose populat�ons as a food source wh�le hav�ng a fundamental connect�on to the land that 
called for ma�ntenance of ecolog�cal structure �nclud�ng the pers�stence of car�bou populat�ons.

the caribou Habitat Assessment and supply estimator

As a funct�on of work lead�ng up to the rig and �ts focus on car�bou recovery, we constructed a hab�-
tat supply model to est�mate current and future levels of hab�tat – the Car�bou Hab�tat Assessment and 
Supply Est�mator (chase) (McNay et al. 2003, McNay et al. 2006). Informat�on for model construct�on 
was collected us�ng Net�ca (vers�on 2.17, Norsys Systems Corp., Vancouver, Br�t�sh Columb�a) a software 
shell used for construct�ng Bayes�an Bel�ef Networks (bbns) and Influence D�agrams. In general, bbns 
cons�st of nodes and l�nkages, where nodes represent env�ronmental correlates, d�sturbance factors, 
and response cond�t�ons (see Marcot et al. 2006, for descr�pt�ons of terms and components of bbns). 
All nodes are l�nked by probab�l�t�es. Input nodes (the range and env�ronmental pred�ct�on var�ables) 
conta�n marg�nal (“pr�or”) probab�l�t�es of the�r states; �ntermed�ate nodes (e.g., descr�b�ng attr�butes of 
car�bou range) conta�n tables of cond�t�onal probab�l�t�es; and output nodes (car�bou range values) are 
calculated as poster�or probab�l�t�es expressed as su�tab�l�ty values from +1.0 (h�gh) to –1.0 (low). Our 
modell�ng methods generally followed gu�del�nes for creat�ng and updat�ng bbns presented by Marcot 
et al. (2006). Th�s enta�led �n�t�ally develop�ng s�mple �nfluence d�agrams to dep�ct nodes and l�nkages, 
expand�ng these �nto �n�t�al alpha-level bbn models �n wh�ch the node states and l�nkage probab�l�t�es 
were parameter�zed mostly from expert judgment and �n�t�al observat�ons, and then refin�ng those �nto 
beta- and h�gher-level bbn models from peer rev�ew, emp�r�cal test�ng, and updat�ng from field data.

The bbns we developed for car�bou dep�ct the l�kely state or cond�t�on of seasonal ranges g�ven the 
observed states or cond�t�ons of env�ronmental correlates. Our cho�ces of seasonal range types to model, 
the env�ronmental correlates, and the probab�l�st�c relat�onsh�ps among correlates, were based on a ser�es 
of consultat�ve workshops w�th spec�es experts pr�or to �n�t�at�on of the rig (McNay et al. 2003). These 

figuRe 7 Traditional knowledge risk of predation model.
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profess�onally fac�l�tated workshops occurred over two years (2000–2002) dur�ng wh�ch five techn�c�ans 
explored and documented ecolog�cal relat�onsh�ps w�th s�x doma�n experts. Doma�n experts had d�rect 
�nvolvement w�th or thorough knowledge of the recent stud�es of car�bou �n the area (Wood and Terry 
1999, Terry and Wood 1999, Johnson 2000, Poole et al. 2000, and Lance 2002). Consensus was dealt 
w�th e�ther through verbal fac�l�tat�on or by structur�ng compet�ng v�ews as expl�c�t hypotheses �n the 
product. Workshop m�nutes and model refinement plans were recorded and c�rculated to the experts for 
rev�ew after each workshop. Comprehens�ve documentat�on of the workshop results has been presented 
by McNay et al. (2003). Model refinement was expected to be an ongo�ng process as new knowledge �s 
ga�ned and emp�r�cal data become ava�lable for test�ng the bbns. 

Bayes�an approaches are part�cularly well-su�ted to the problem of recovery plann�ng. The threatened 
ex�stence of an �mportant resource has usually not been predeterm�ned but rather has occurred from a 
lack of �nformat�on and therefore, the solut�on to the problem �s, by defin�t�on, uncerta�n. Also, resource 
management gu�del�nes can change faster than our ab�l�ty to learn from them so our understand�ng �s, 
by defin�t�on, challenged. Character�z�ng problem solut�ons �s the object�ve held by normal stat�st�cs 
based on frequency of observat�ons. However, �n the case of rare spec�es and uncerta�n causes of decl�ne, 
the solut�on �s usually one that cannot be character�zed eas�ly, �f at all. Nevertheless, dec�s�ons must be 
made and such dec�s�ons are typ�cally based on problem-solv�ng probab�l�t�es rather than solut�on-char-
acter�zat�on (Horv�tz et al. 1988, Dagum et al. 1993). For example, �t would be �mposs�ble to character�ze 
recovery act�ons for low-elevat�on hab�tats based on observat�ons of threatened car�bou populat�ons that 
now only ex�st �n h�gh-elevat�on hab�tats (e.g., mounta�n car�bou �n southern Br�t�sh Columb�a).

Bayes�an approaches are not new and have proven useful �n many other resource management �ssues: 
aspen (Haas 1991), wheat (Jensen and Jensen 1996), water qual�ty (Reckhow 1999), sockeye salmon 
(Schnute et al. 2000), bull trout (Lee 2000), natural resource management generally (Ca�n 2001), fish and 
w�ldl�fe populat�on v�ab�l�ty (Marcot et al. 2001), sage grouse (W�sdom et al. 2002), wolver�nes (Rowland 
et al. 2003), marbled murrelet (Steventon et al. 2003), sport fisher�es �n general (Peterson and Evans 
2003), spotted owl (Sutherland et al. 2004), and Euras�an black vulture (Po�raz�d�s et al. 2004). A ser�es 
of bbns that have been used �n Br�t�sh Columb�a �s currently �n press where these �nclude the follow-
�ng modell�ng appl�cat�ons: adapt�ve management, ecosystem mapp�ng, northern car�bou, and marbled 
murrelet.

Our object�ves �n the use of bbns were to: (1) summar�ze expert understand�ng about seasonal range 
use by car�bou; (2) formal�ze relat�onsh�ps between range value and potent�al threats to car�bou; and 
(3) evaluate the relat�ve efficacy of conservat�on of car�bou and the�r seasonal ranges under alternat�ve 
management scenar�os.

Modelling Caribou Seasonal Ranges

Pine-lichen	winter	range	and	post-rut	range

P�ne-l�chen w�nter range and post-rut range were cons�dered by experts to be s�m�lar �n ecolog�cal 
sett�ng, d�ffer�ng only �n elevat�on and snow accumulat�on. Hence, although car�bou use the ranges d�f-
ferently, both ranges were descr�bed by the same �nfluence d�agram and bbn (F�gure 8). Capab�l�ty for 
terrestr�al l�chens (Cladina spp.), the pr�mary forage used by car�bou dur�ng fall and w�nter (Johnson 
et al. 2001), was based on topograph�c aspect, ecolog�cal un�t (�.e., a comb�nat�on of so�l mo�sture and 
nutr�ent reg�me), percentage of lodgepole p�ne �n the overstorey forest, and overall product�v�ty of the 
s�te. We est�mated product�v�ty us�ng an �ndex of tree he�ght at 50 years old. Generally, terrestr�al l�chens 
grow most successfully on south-fac�ng s�tes hav�ng so�ls that are well dra�ned w�th poor nutr�ent levels 
(Coxson and Marsh 2001). Lodgepole p�ne also competes well on these s�tes and therefore was used as 
an �nd�cator of terrestr�al l�chens (Sulyma 2001). 
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We used forest age, dens�ty of trees, and forest floor character�st�cs to determ�ne current su�tab�l�ty of 
the s�tes for produc�ng terrestr�al l�chens. The nature of s�te d�sturbance determ�ned su�tab�l�ty of the so�l 
substrate for grow�ng l�chens, w�th sl�ghtly exposed so�l be�ng best. As forest cond�t�ons change w�th age, 
stands exceed�ng 140 years old have h�gher and more developed canop�es lead�ng to sub-canopy m�cro-
cl�mates that are cool and mo�st where l�chens do not grow as successfully as other vegetat�on (Coxson 
and Marsh 2001; Sulyma and Coxson 2001). Terrestr�al l�chen commun�t�es also tend to be dom�nated 
by Cladonia spp., less preferred forage (Johnson 2000), �n early seral commun�t�es (Coxson and Marsh 
2001). Therefore, experts agreed that favourable cond�t�ons for terrestr�al l�chens used as forage, oc-
curred on s�tes between 70 and 140 years old. Lance and Eastland (1999) developed a techn�que for 
assess�ng relat�ve abundance of forage l�chens so we expressed cond�t�ons at the response node �n the�r 
relat�ve abundance classes.

Use of w�nter ranges by car�bou has been correlated w�th snow cond�t�ons (Fancy and Wh�te 1985) 
and some research �nd�cates that car�bou w�ll not crater (d�g) for terrestr�al l�chens �f snow depth �s 
greater than 90 cm (Johnson et al. 2004; however, see Brown and Theberge 1990). We used elevat�on and 
modelled solar �nsolat�on (Solar Analyst 1.0, Hu and R�ch 2000) to �ndex the mod�fy�ng effect of amb�-
ent temperature on accumulat�on of snow dur�ng early w�nter. Experts presumed that open s�tes between 
1000 and 1300 m asl, although unusable �n w�nter due to deep w�nter snow, would beg�n to accumulate 
snow only later �n the season wherever relat�vely h�gh amounts of solar �nsolat�on were rece�ved. These 
spec�fic s�tes therefore could be used by car�bou as post-rut range pr�or to w�nter. S�m�lar s�tes at lower 
elevat�on would generally have relat�vely less snow as w�nter progressed and experts therefore class�fied 
these s�tes (lower-elevat�on) as p�ne-l�chen w�nter range. In some w�nters, snow depths may exceed those 
preferred by car�bou even on p�ne-l�chen w�nter ranges, forc�ng car�bou to use h�gh-elevat�on w�nter 
range (d�scussed below). Experts assumed �f a s�te had abundant terrestr�al forage l�chens and l�ttle snow 
accumulat�on, that the s�te would be preferred by car�bou. S�nce calculat�on of preference �nd�ces �s now 
w�dely ava�lable (Manly et al. 2002), we chose to express the response cond�t�ons at th�s preference node 
�n terms of Chesson’s (1983) stat�st�cal test for preference.

Although r�sk of predat�on by wolves could alter car�bou select�on of l�chen s�tes, experts concurred 
that car�bou would exh�b�t preference for s�tes w�th abundant and access�ble forage, and �f these s�tes 
were near abundant moose and wolves, then car�bou would exper�ence h�gher mortal�ty rates. We then 
modelled h�gher probab�l�ty of mortal�ty at, or adjacent to, those s�tes. R�sk of predat�on, therefore, was 
a probab�l�ty of populat�on reduct�on appl�ed to the l�chen s�te preference node to calculate a final value 
for seasonal range (F�gure 8). 

High-elevation	winter	range

When snow depth at low elevat�ons exceeds that �n wh�ch car�bou can crater for terrestr�al l�chens, the 
snow pack �s usually consol�dated suffic�ently allow�ng car�bou to walk on �ts surface and move to h�gher 
elevat�ons (Se�p 1992; Paquet 2000; Johnson et al. 2001). At these h�gher elevat�ons, car�bou use 2–3 m 
deep snow packs to reach arboreal l�chens (Bryoria spp., Alectoria spp.) �n the lower crowns of subalp�ne 
fir (Abies lasiocarpa). Experts judged that a s�te was favourable for support�ng arboreal l�chens �f subal-
p�ne fir composed > 80% of the stand, was > 15 m �n he�ght, and was > 120 years old (F�gure 9). 

At the h�ghest elevat�ons, �n alp�ne tundra, car�bou seek areas where pers�stent w�nds reduce snow 
to depths allow�ng them to crater for terrestr�al l�chens (Terry and Wood 1999; Wood and Terry 1999; 
Johnson et al. 2001; Johnson et al. 2002). Terrestr�al l�chen abundance �n alp�ne tundra was judged by 
experts to occur at most locat�ons w�th�n the recovery plann�ng area except for non-vegetated rock, gla-
c�ers, or hygr�c to subhydr�c so�l mo�sture cond�t�ons (F�gure 9). We determ�ned potent�al for these areas 
to be w�ndblown us�ng a topograph�c curvature funct�on to assess relat�ve convex�ty of a d�g�tal elevat�on 
model �n a 3 × 3 cell ne�ghbourhood around the cell be�ng assessed. 
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figuRe 8 A Bayesian belief network used to predict the likely value (high, medium, low) of ranges (post-rut 
range or pine-lichen winter range) used by woodland caribou in north-central British Columbia. All networks 
shown are beta-level models as described in the text. Input nodes are numbered for ease of reference.

figuRe 9  A Bayesian belief network used to predict the likely value (high, medium, low) of high-elevation 
winter ranges used by woodland caribou in north-central British Columbia.
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As �n the prev�ous models, we expressed the response node, abundance of forage l�chens, �n terms of 
the manner �n wh�ch they m�ght be measured for both terrestr�al (Lance and Eastland 1999) and arboreal 
(Armleder et al. 1992) l�chens. Experts assumed that �f a s�te > 1300 m asl met cond�t�ons for abundant 
forage l�chens and was �n relat�vely gentle terra�n (�.e., slope < 40%), then the s�te would be preferred by 
car�bou (Chesson 1983). As �n the prev�ous range model, predat�on r�sk was a probab�l�ty of populat�on 
reduct�on appl�ed aga�nst the preference node to calculate h�gh-elevat�on w�nter range qual�ty (F�gure 9).

Calving	and	summer	range

Car�bou seek secur�ty from predators dur�ng calv�ng (Bergerud 1978; Bergerud and Page 1987; Se�p 
1991). Th�s expla�ns why genders separate the�r ranges, w�th females mov�ng away from typ�cal forag-
�ng s�tes to the secur�ty of �slands or shorel�nes �n lacustr�ne env�ronments (Bergerud 1985; James et al. 
2004) and areas w�th relat�vely deep and/or soft snow �n mounta�nous terra�n (C�chowsk� 1993). We 
used alp�ne tundra and occurrence of subalp�ne fir adjacent to alp�ne tundra as �nd�cators that deep 
snow would pers�st �nto the calv�ng per�od of late May to early June (F�gure 10). S�tes w�th deep snow 
and gentle slopes are used by car�bou but less so by wolves (Bergerud 1978; Se�p 1991).

figuRe  10 A Bayesian belief network used to predict the likely value (high, medium, low) of calving and 
summer ranges used by woodland caribou in north-central British Columbia.

Car�bou show l�ttle select�on for spec�fic cond�t�ons �n summer. Rather, car�bou herds d�sperse across 
large areas dur�ng summer—presumably to reduce encounters w�th predators (Bergerud 1978; Se�p 
1991). Although forage �s access�ble at low elevat�ons, car�bou tend not to occur there, presumably due 
to the relat�vely h�gher r�sk of predat�on. Experts therefore descr�bed summer range us�ng the same s�te 
cond�t�ons as those used for calv�ng range (F�gure 10) but emphas�zed use of alp�ne areas by car�bou 
where cool, w�ndy cond�t�ons lessen harassment by fl�es (Ion and Kershaw 1989). Predat�on r�sk was 
aga�n used as a probab�l�ty of populat�on reduct�on appl�ed aga�nst the preference node to calculate calv-
�ng and summer range qual�ty.
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Movement	corridor	range

Experts d�sagreed on factors determ�n�ng car�bou select�on of movement corr�dor range. However, John-
son et al. (2002) found that car�bou travelled cons�stently w�th landscape features such as valley bottoms 
and lowlands w�th lakes and r�vers. Based on th�s general�zat�on, experts del�neated general move-
ment corr�dors on maps, wh�ch we buffered by a 1-km d�stance where slope was < 40%. W�th�n buffers, 
predat�on r�sk was a probab�l�ty of populat�on reduct�on appl�ed aga�nst the corr�dor node to calculate 
movement corr�dor range qual�ty.

Predation	risk

We modelled predat�on r�sk as a funct�on of wolf dens�ty (Mess�er 1994). We also cons�dered l�near 
corr�dors such as roads, to have h�gh r�sk of predat�on. Although woodland car�bou are suscept�ble to 
many forms of mortal�ty (W�ttmer et al. 2005), wolf predat�on was cons�dered by Se�p (1992) to be the 
pr�nc�pal factor �n decl�ne of car�bou �n south-eastern bc. Experts generally agreed that wolves were 
the pr�nc�pal predator �n our recovery plann�ng area because gr�zzly bears (Ursus arctos) were at one of 
the lowest dens�t�es �n bc (Ham�lton et al. 2004) and cougars, another major predator of car�bou, were 
rare to non-ex�stent. Experts concurred on represent�ng predat�on r�sk for car�bou us�ng a 100-m buffer 
around l�near features (mostly act�ve roads) (James and Stuart-Sm�th 2000), and a 5-km buffer around 
areas where wolves would most l�kely be hunt�ng moose wh�ch was largely determ�ned by moose den-
s�ty (Mess�er 1994). Other prey that m�ght �nfluence the d�str�but�on of wolves (e.g., Odocoileus spp.) 
were largely lack�ng �n our recovery plann�ng areas. As�de from moose and car�bou, the most abundant 
ungulates are stone sheep (Ovis dalli stonei) and mounta�n goats (Oreamnos americanus), both of wh�ch 
experts agreed were not l�kely to �nfluence the d�str�but�on of wolves. We est�mated moose dens�ty w�th 
a bbn pred�ct�ng range value for moose and proport�onal reduct�on �n moose dens�ty through e�ther 
regulated or subs�stence hunt�ng (F�gure 11). We defined w�nter moose range as elevat�ons < 1200 m and 
s�tes w�th abundant shrubby forage, the latter �dent�fied by nutr�ent-r�ch, subhygr�c to mes�c s�tes < 40 
years old. Summer moose range was s�m�lar but not restr�cted by elevat�on.

Input	data	and	node	sensitivity

A table of all node �nputs for each bbn �s presented �n Append�x c. Where poss�ble and appropr�ate, 
we represented env�ronmental correlates as be�ng affected by management act�v�t�es or “levers” that, 
depend�ng on management cho�ce, would affect the relat�ve threat to car�bou through the�r �nfluence on 
seasonal range value (Table 3). Strateg�c control of management levers could presumably m�t�gate threats 
to car�bou and thereby a�d recovery of threatened car�bou populat�ons. The management levers �n our 
bbns were pr�mar�ly assoc�ated w�th forest harvest�ng, development of roads, and hunt�ng regulat�ons. 
Among all the levers, those affect�ng predat�on r�sk had the greatest �nfluence on car�bou seasonal range 
values (Table 3). Stand age as �nfluenced by forest harvest�ng was the next most �nfluent�al management 
lever, part�cularly as �t affected p�ne-l�chen w�nter range and post-rut range. However, stand age affected 
all bbns e�ther d�rectly as a determ�nant of forage or �nd�rectly through the predat�on r�sk bbn, where 
the latter affected each car�bou seasonal range spat�ally.
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figuRe 11 A Bayesian belief network used to predict the likely density of moose in winter in north-central 
British Columbia.

tABLe 3 Sensitivity (percent entropy reduction) of predicted values of woodland caribou seasonal ranges 
to environmental correlates used as management levers in Bayesian belief network models. Blank cells mean 
that the correlate was not used in that network model.

 Seasonal Range Bayesian Belief Networka

Environmental Correlate plwr prr hewr csr mc mds mdw
Tree Spec�es 7.86 0.40    
Stand Age 1.67 0.18   0.02 0.29
Stand Preparat�on 0.66     
Stand Removal Method 0.04     
Stock�ng   0.00     
Subs�stence Hunt�ng     1.95 1.07
Regulated Hunt�ng     1.95 1.07
Predat�on R�sk 9.80 21.90 42.9 100  

a Bayes�an bel�ef networks were constructed for p�ne-l�chen w�nter range (plwr), post-rut range (prr), h�gh-elevat�on w�nter range (hewr), 
calv�ng and summer range (csr), movement corr�dor range (mc), and for predat�on r�sk as a funct�on of moose dens�ty �n summer (mds) 
and w�nter (mdw). 
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metHods

F�ve general steps for develop�ng an effect�ve approach to hab�tat �dent�ficat�on were recommended by 
the Nat�onal Recovery Work�ng Group (2004). 

1. Develop a general descr�pt�on of hab�tat (�.e., key b�ot�c and ab�ot�c features such as space, food, 
and cover).

2. Develop s�te descr�pt�ons as a bas�s for focuss�ng conservat�on effort (e.g., patch, corr�dor, or other 
geograph�cal reference).

3. Establ�sh spec�fic cr�ter�a to determ�ne pr�or�t�es for conservat�on. 
4. Ident�fy known occup�ed s�tes.
5. Ident�fy potent�al s�tes for occupat�on.

Our approach to hab�tat �dent�ficat�on rel�ed on the use of h�stor�c �nformat�on about car�bou and 
the�r hab�tat-use behav�our as understood by doma�n experts and the trad�t�onal knowledge of F�rst Na-
t�ons people. Th�s understand�ng was represented by chase and used to systemat�cally define potent�al, 
current, and future hab�tat cond�t�ons for spec�fic seasonal range values. Range values were dependent 
on forage resources and r�sk of predat�on. Pr�or�t�es for conservat�on were assessed based on a compar�-
son of modelled range values to the values expected under assumed cond�t�ons of natural d�sturbance. 
Th�s �nformat�on (expla�ned �n deta�l later) was then used �n workshop sess�ons w�th the rig to �nform 
the�r dec�s�ons about herd-spec�fic hab�tat l�m�tat�ons, threats to hab�tat, potent�al m�t�gat�ng act�ons, 
and finally a set of recovery act�ons.

Use of the caribou Habitat Assessment and supply estimator

We appl�ed the chase model to the recovery plann�ng areas and spat�ally assessed the value of each 
seasonal range at d�screte t�me steps through s�mulated scenar�os of landscape d�sturbance. We used 
the result�ng �nformat�on to set the context for mak�ng dec�s�ons about spec�fic recovery act�ons �n each 
plann�ng area. The model was appl�ed by first calculat�ng the amount of potent�al range (�.e., a theo-
ret�cal construct where all �nput nodes were constra�ned to the�r opt�mal state for car�bou). We then 
evaluated current range cond�t�ons and forecasted future range cond�t�ons based on s�mulated landscape 
d�sturbances.

We used ArcV�ew 3.2 (esri, Redlands, Cal�forn�a) and M�crosoft Access 2000 (M�crosoft Corp., 
Redmond, Wash�ngton) to construct and manage case files of env�ronmental correlates taken from  
1-ha cells �n the recovery plann�ng area (3 664 295 ha). The env�ronmental correlates that we used came 
pr�mar�ly from the bc Forest Inventory Plann�ng attr�bute database10  and the bc Terra�n Resource 
Informat�on Management program11. Case files (�.e., one file for each bbn) were l�sts of records (�.e., 
one record for each cell �n the study area) conta�n�ng columns (�.e., one column for each �nput node) 
spec�fy�ng the ex�st�ng cond�t�on or state of the env�ronmental correlates represented by �nput nodes. 
Our dec�s�on to map results at 1-ha resolut�on was based on our �nterests �n focuss�ng the management 
problem and d�d not �mply accuracy of the �nput data. We used Net�ca �n batch mode to process the case 
files before prepar�ng the modelled results �n Access for d�splay �n ArcV�ew and analys�s �n sas (sas 
Inst. Inc., Cary, North Carol�na). We d�splayed seasonal range values on maps as the expected value 
from the seasonal range node (�.e., the probab�l�ty of a state mult�pl�ed by the state value, summed across 
all states) class�fied �nto three outcomes of low, med�um, or h�gh based on equ�d�stant �ntervals of the 

10 See M�n�stry of Susta�nable Resource Management web s�te at http://srmwww.gov.bc.ca/gis/Databases
11 See M�n�stry of Susta�nable Resource Management web s�te at http://srmwww.gov.bc.ca/bmgs/trim

http://srmwww.gov.bc.ca/gis/Databases
http://srmwww.gov.bc.ca/bmgs/trim
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potent�al outcome. The expected value ranged from –1 (low range value), through 0 (med�um), to +1 
(h�gh).  Further, chase also d�splayed the standard dev�at�on of the expected value. 

Uncerta�nty �n expected car�bou range value was dep�cted �n three ways: (1) as the spread of probab�l-
�t�es for each of the three car�bou range value states (low, med�um, h�gh); (2) as the standard error term; 
and (3) sens�t�v�ty structure of the model. The first of these represented the degree to wh�ch the model 
structure and expert understand�ng d�d not perfectly account for all factors �nfluenc�ng car�bou range 
value. We descr�bed the spread of probab�l�t�es as the observed average absolute dev�at�on from the mean 
(the mean �n th�s case of three potent�al outcome states would be 0.33). The second uncerta�nty repre-
sented res�dual error and reflects the degree of �mprec�s�on �nherent �n the expected value calculat�ons. 
The th�rd uncerta�nty represented the degree to wh�ch the calculated expected values were sens�t�ve to 
each �nput var�able (see Marcot et al. 2006 for d�scuss�on of sens�t�v�ty analys�s �n bbn models). We 
est�mated th�s uncerta�nty by systemat�cally vary�ng cond�t�onal probab�l�t�es upward by 10 po�nts, and 
downward by 10 po�nts, from the values prov�ded by experts. Although we calculated all three k�nds of 
uncerta�nty, managers would l�kely be most �nterested �n the first and th�rd as they reflect the degree to 
wh�ch manag�ng for the �nput var�ables could reasonably be expected to �nfluence car�bou range.

Forecasting Range Values from Simulated Landscape Disturbances

Landscape d�sturbance was s�mulated over 250 years �n 10-year t�me steps from current cond�t�ons 
(year 2005) us�ng the Spat�ally Expl�c�t Landscape Event S�mulator (seles; Fall and Fall 2001). seles 
�s a modell�ng shell that s�mulates vegetat�on or env�ronmental cond�t�ons across a landscape over t�me, 
g�ven �n�t�al cond�t�ons and d�sturbances to, or success�on dynam�cs of, each cond�t�on. In seles, the 
user allocates defined d�sturbances to a geograph�c area based on rule sets appl�ed to spat�al cells. In our 
appl�cat�on, we m�m�cked two d�fferent landscape d�sturbance scenar�os as follows: (1) a conservat�on 
pol�cy scenar�o wh�ch represented the current forest management strateg�es for car�bou range (bc Govt 
1999; bc Govt 2000);  and (2) a natural d�sturbance scenar�o wh�ch represented h�stor�c patterns (�.e., 
patch s�zes and return �ntervals) of w�ldfire exper�enced w�th�n the recovery plann�ng area (Delong 
2002). 

In both scenar�os, we used var�able dens�ty y�eld pred�ct�on (vdyp) growth curves (bcmof 1999) to 
determ�ne post-d�sturbance forest cond�t�ons where forest stands were always completely replaced (�.e., 
stand age set to zero) by d�sturbance. We defined ecolog�cal success�on stages solely by forest age classes 
(�.e., regenerat�ng forest stands were �dent�cal �n spec�es m�x and compos�t�on to or�g�nal pre-d�sturbance 
cond�t�ons). D�sturbances occurred �n mult�ples of adjacent 20-ha cells where the s�ze of each d�stur-
bance var�ed accord�ng to �ts type and �ntens�ty. 

In the conservat�on pol�cy scenar�o, for a cell to be ava�lable for logg�ng �t was requ�red to: (1) be 
part of a pre-defined t�mber harvest�ng land base (bcmof 2001); (2) be greater than or equal to the 
m�n�mum cutt�ng age for the predom�nant tree spec�es (bcmof 2001); (3) be cons�stent w�th regulated 
patch-s�ze and seral d�str�but�on targets; and (4) not contrad�ct regulat�ons for conservat�on of other 
resource values. To �ncrease the real�ty of the s�mulat�on, we ass�gned ava�lable harvest�ng cells a prob-
ab�l�ty of be�ng selected based on prox�m�ty to predeterm�ned locat�ons of ma�n haul roads. As seles 
s�mulates forest harvest w�th�n cells, roads are added �n the model us�ng a ‘least-cost’ approach based on 
the topograph�cal and b�ophys�cal features of the landscape w�th�n the cells. Roads are act�vated and de-
act�vated accord�ng to the�r usefulness to the harvest�ng schedule as t�me progresses. The conservat�on 
pol�cy scenar�o �ncluded constra�nts on harvest of trees �n the p�ne-l�chen w�nter range such that ≤ 50% 
of th�s range could be < 70 years old and patch s�zes > 250 ha were favoured. Contrary to current for-
est pol�cy, we allowed natural d�sturbances to occur as part of the conservat�on pol�cy scenar�o but only 
w�th�n parks.
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In the natural d�sturbance scenar�o, we s�mulated h�stor�c fire us�ng Delong’s (2002) parameters for 
fire s�ze and return �nterval. We ran th�s scenar�o over a 400-year cycle to el�m�nate any footpr�nt (start-
up b�as) from forest management. We ran four natural d�sturbance s�mulat�ons and calculated a mean 
and standard dev�at�on for the result�ng seasonal range values at each t�me step �n each plann�ng area.

Seasonal Range Habitat Index

W�thout spec�fic �nformat�on on seasonal range carry�ng capac�ty, relat�ve compar�sons both w�th�n 
and among seasonal range values becomes problemat�c. We created a hab�tat �ndex by mult�ply�ng the 
amount of seasonal range (ha) by a seasonal range value we�ght. The hab�tat �ndex prov�ded a conven�ent 
and cons�stent means to compare among seasonal ranges and among qual�t�es of range and also prov�d-
ed a way to conc�sely summar�ze results. The we�ghts we used can be expressed as (F�gure 12):

  hvw = –0.53 + 0.04rv + 0.79rt – 0.35rt2 + 0.04rt3 ; where
hvw �s the hab�tat value we�ght, rt �s the range type (�.e., p�ne-l�chen w�nter range, post-rut range, 

h�gh-elevat�on w�nter range, or calv�ng and summer range) and rv �s the range value (�.e., h�gh, med�-
um, or low) pred�cted by chase. Because m�grat�on corr�dors were evaluated solely on the�r funct�on of 
l�nk�ng ranges, the hab�tat �ndex for th�s range was s�mply the percentage of area that was �n a funct�onal 

figuRe  12  Graphical representation of a habitat value weight created to allow for relative comparisons 
among estimated quality (high, medium, low) of seasonal ranges (hEWr – high-elevation winter range, CSr 
– calving and summer range, Prr – post-rut range, and PLWr – pine-lichen winter range) used by woodland 
caribou in north-central British Columbia. range qualities were estimated using ChASE.
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cond�t�on (based on chase). Methods for creat�ng the seasonal range value we�ght for the other ranges 
were based on the follow�ng assumpt�ons:

· We ranked seasonal range forage values from best to worst as follows: post-rut range, p�ne-l�chen 
w�nter range, h�gh-elevat�on w�nter range, and calv�ng and summer range;

· We ranked low-value ranges much lower than med�um- and h�gh-valued ranges;
· We cons�dered that summer and calv�ng range, even though lower ranked �n forage qual�ty, was 

st�ll unl�kely to l�m�t car�bou populat�ons because of �ts extens�ve nature; and
· We cons�dered fall and w�nter ranges to be add�t�ve generally but h�gh-elevat�on w�nter range could 

become l�m�t�ng (�.e., the post-rut range and p�ne-l�chen w�nter range could become unava�lable 
and car�bou would st�ll pers�st us�ng h�gh-elevat�on w�nter range but the oppos�te may not be true).

Use of rIg workshops

Spec�fic recovery act�ons were der�ved through a ser�es of ten, profess�onally fac�l�tated workshops 
scheduled per�od�cally from December 2002 to March 2006. Dur�ng these workshops, the rig worked 
sequent�ally through the follow�ng bas�c act�v�t�es:

1. Rev�ewed and consol�dated current data, �nformat�on, and knowledge for each herd;
2. Convened the rig and confirmed:
 a. a terms of reference,
 b. stakeholders’ part�c�pat�on,
 c. plann�ng area boundar�es, and
 d. background to the chase model and �ts use �n recovery plann�ng;
3. Ident�fied recovery goals w�th�n the context of the nctac strategy;
4. Ident�fied threats and m�t�gat�ng management tools strat�fied by herd, seasonal range, and hab�tat 

element;
5. Used chase to �dent�fy seasonal range values;
6. Composed recovery act�ons; and 
7. Establ�shed a bas�s for soc�o-econom�c rev�ew of recovery act�ons.

Each workshop was conducted under a standard protocol beg�nn�ng w�th a meet�ng announcement 
and request for attendance sent to all rig members. Agendas were constructed and final meet�ng ar-
rangements set on the bas�s of membersh�p response to the meet�ng call. M�nutes were recorded by an 
rig secretary and sal�ent po�nts (e.g., dec�s�on po�nts, act�on �tems, etc.) were recorded by the fac�l�tator 
on fl�p charts. M�nutes and fl�p charts were summar�zed, documented, and sent to rig members after 
each meet�ng.
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modellIng resUlts

Assessment of seasonal range Values

Potential Range

Spat�al output from chase can be exempl�fied by maps of the Wolver�ne recovery plann�ng area for 
(F�gure 13): a) post-rut range, b) calv�ng and summer range, and c) moose dens�ty dur�ng w�nter. See 
Append�x d for maps of potent�al range for all range types �n all plann�ng areas. Generally, the locat�on 
of potent�al seasonal ranges w�th�n plann�ng areas �nd�cated that car�bou would need to move relat�vely 
long d�stances among seasonal ranges, and that calv�ng and summer range was more generally d�spersed 
around the recovery plann�ng areas than were the other types of range. Experts agreed that th�s spat�al 
d�fference �n the locat�on and d�spers�on among the types of ranges fit the�r exper�ence w�th observed 
car�bou movement patterns and correctly represented how car�bou occur at low dens�ty dur�ng summer.

Across all recovery plann�ng areas, the potent�al for calv�ng and summer range far exceeded potent�al 
for any other range type, and there was more of th�s potent�al range �n the Chase and Wolver�ne recovery 
plann�ng areas (Table 4). Potent�al for h�gh-elevat�on w�nter range was the next most abundant range 
across all areas and aga�n, th�s potent�al was best �n the Chase and Wolver�ne recovery plann�ng areas. 
The greatest potent�al area of post-rut and p�ne-l�chen w�nter ranges comb�ned occurred w�th�n the 
Wolver�ne and Chase herd recovery plann�ng areas (Table 4), although the Scott had the most potent�al 
area of p�ne-l�chen w�nter range. Generally across the recovery plann�ng area, the Scott and Takla were 
d�st�nct �n the�r relat�ve lack of potent�al area of any range as a percentage of the recovery plann�ng area, 
part�cularly for post-rut range (< 1%). The one except�on was the apparent d�sproport�onate amount of 
p�ne-l�chen w�nter range �n the Scott recovery plann�ng area (Table 4). The Takla was d�st�nct �n that, as 
a percent of the recovery plann�ng area, almost all potent�al range was at h�gh elevat�ons.

Current Range

For the most part, the current abundance of seasonal ranges across the recovery plann�ng area was 
cons�stently much lower than potent�al (Table 4) w�th the except�on that calv�ng and summer range was 
almost equal to potent�al �n all areas. Current h�gh-elevat�on w�nter range was close to half the potent�al 
�n the Scott and Takla but lower �n the Chase and Wolver�ne recovery plann�ng areas (71% and 68% re-
duct�on from potent�al), respect�vely. Current abundance of both post-rut and p�ne-l�chen w�nter ranges 
was generally h�gh �n all areas. Because these two ranges reach opt�mal value �f forest age �s 70–140 years 
old, the area of current range would be half the area of potent�al range under a stable forest age-class 
d�str�but�on.

The Scott recovery plann�ng area was d�st�nct �n th�s respect because �t had a 70% d�fference between 
potent�al and current area of p�ne-l�chen w�nter range. All other recovery plann�ng areas have more 
p�ne-l�chen w�nter range than would be expected under a stable age-class d�str�but�on and all recovery 
plann�ng areas had more post-rut range than would be expected. Regardless, �f �ncreases �n moose and 
wolves were due to a natural colon�zat�on of moose or �f th�s was prec�p�tated from past land use and 
management, our model pred�cts that predat�on r�sk now has a dramat�c effect on seasonal range values 
for car�bou �n all recovery plann�ng areas where reduct�ons �n abundance of seasonal ranges are usually 
from 21–100% (Table 4). Reduct�ons �n range value were h�ghest on post-rut ranges (83–100%) for the 
Scott, Takla, and Wolver�ne recovery plann�ng areas and on p�ne-l�chen w�nter range (86%) for the Scott 
recovery plann�ng area. Range value �n the Chase area appeared to be affected the least by predat�on 
r�sk (Table 4) and had the lowest reduct�on of any seasonal range (21% on h�gh-elevat�on w�nter range). 
By compar�son, when predat�on r�sk was cons�dered, the Scott and Takla areas were left w�th less than 
1000 ha of post-rut and p�ne-l�chen w�nter ranges comb�ned.
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figuRe  13 Spatial location of modelled, potential ranges for woodland caribou during A) post-rut and B) 
calving and summer seasons, and C) potential moose range during winter. The example range maps are for 
the Wolverine herd recovery planning area of north-central British Columbia.
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By way of an example, we demonstrate the three types of uncerta�nty est�mates ava�lable from a bbn 
for current p�ne-l�chen w�nter range �n the Wolver�ne herd area (F�gure 14). All parameters dep�ct 
decreas�ng certa�nty �n the range value outcome as range value �ncreased. Standard dev�at�on of the 
expected range value �ncreased and the average absolute dev�at�on from the mean probab�l�ty for each 
of the three range value states (h�gh, moderate, and low) decreased. The average absolute dev�at�ons �n 
probab�l�t�es reached �ts lowest po�nt w�th�n moderate range values �nd�cat�ng complete uncerta�nty, but 
began �ncreas�ng for h�gh range values �nd�cat�ng greater certa�nty for both h�gh- and low-valued ranges. 
The response �n more certa�nty for h�gher range values was flatter when cond�t�onal probab�l�t�es were 
arb�trar�ly lowered by 10 po�nts and sharper when they were �ncreased by 10 po�nts (compared to the 
or�g�nal cond�t�onal probab�l�t�es set by experts).

tABLe  4 high- and medium-quality woodland caribou seasonal ranges predicted using Bayesian belief 
network models applied to simulated landscape conditions in recovery planning areas in north-central British 
Columbia. Amount of range was calculated as (a) area (ha) of potential range and, in parentheses, the per-
cent of the recovery planning area, (b) percent reduction in range area from potential to current range, (c) 
area (ha) of current range, (d) percent reduction in range area due to predation risk, (e) area (ha) of range 
when predation risk is considered as an influence on range quality, and (f) area (ha) of range expected under 
conditions of assumed natural disturbance

   Seasonal Range Type

Recovery Planning   Pine-lichen  High-elevation Calving and
Area  Post-rut range winter range winter range summer range

Chase    (a) 22,500 (1) 17,184 (1) 208,505 (12) 1,094,879 (63)
 (b) 26 28 71 2
 (c) 16,679 12,407  59,462 1,069,999
 (d) 56 63 21 47
 (e) 7,343 4,587 47,078 579,012
 (f) 4,324 2,100 35,997 492,419

Scott    (a) 2,319 (<1) 21,883 (4) 26,069 (4) 204,831 (34)
 (b) 13 70 56 0
 (c) 2,009 6,525 11,419 204,060
 (d) 100 86 53 56
 (e) 0 929 5,354 90,172
 (f) 0 21 2,556 32,312

Takla    (a) 492 (<1) 835 (<1) 22,420 (4) 186,322 (38)
 (b) 3 3 53 0
 (c) 477 812 10,529 186,122
 (d) 97 55 56 57
 (e) 12 374 4,613 80,635
 (f) 12 0 3,827 48,741

Wolver�ne    (a) 26,703 (3) 11,722 (1) 78,785 (9) 484,830 (57)
 (b)  30 6 68 1
 (c) 18,762 10,981 24,918 478,449
 (d) 83 59 38 48
 (e) 3,101 4,545 15,430 249,703
 (f) 2,001 595 9,141 111,754
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figure 14  Uncertainty in estimates of pine-lichen winter range values evaluated as: (1) the standard devia-
tion of the expected range state, (2) the average absolute deviation of range state probabilities from the 
mean probability (0.33), and (3) the sensitivity of the outcome when conditional probabilities were arbitrar-
ily increased (3i) and decreased (3ii) from the original (3iii) values.
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Forecasted Range under Conservation Policy and Natural Disturbance Scenarios

By way of an example of where chase was used to assess d�screte t�me steps of s�mulated landscape 
d�sturbance, we focussed on the results for the conservat�on pol�cy and natural d�sturbance scenar�os �n 
the Wolver�ne recovery plann�ng area and for pred�cted values of p�ne-l�chen w�nter range. Results for 
all range types are presented �n Table 4 and later by way of compar�sons us�ng our hab�tat �ndex. Under 
s�mulated cond�t�ons of forest harvest, and as evaluated by chase, the conservat�on pol�cy succeeded 
�n susta�n�ng the supply of p�ne-l�chen w�nter range (F�gure 15a�). The s�mulat�on beg�ns w�th the cur-
rent “over-stocked” cond�t�on of the range and, for the follow�ng five decades, showed a steep decl�ne 
�n forecasted supply of the range. At 2055, the amount of h�gh- and med�um-qual�ty range under the 
conservat�on pol�cy scenar�o was less than that expected under the natural d�sturbances as we projected 
them. Three decades later, however, the amount was more stable and rema�ned greater than would be 
expected under natural d�sturbance for the rest of the s�mulat�on. The conservat�on pol�cy was theoret�-
cally best at ach�ev�ng an even supply of range because the sequence of cell d�sturbance was controlled as 
opposed to be�ng based str�ctly on a probab�l�ty of d�sturbance as �t was �n natural d�sturbance. However, 
ga�n�ng relat�ve equ�l�br�um �n supply of p�ne-l�chen w�nter range �n th�s conservat�on scenar�o was only 
expected after a per�od of severe decl�ne.

When r�sk of predat�on was cons�dered, the decl�ne of p�ne-l�chen w�nter range was only exacerbated 
(F�gure 15a��). Although the amount of h�gh- and med�um-qual�ty p�ne-l�chen w�nter range never 
dropped below that expected under the natural d�sturbance scenar�o, only about one-e�ghth of the range, 
< 350 ha �n 2075, was pred�cted as be�ng free from relat�vely h�gh predat�on r�sk. H�gh-elevat�on w�nter 
range d�d not fare as poorly under assumed cond�t�ons pr�or to (F�gure 15b�), or after (F�gure 15b��), 
colon�zat�on by moose. Although the amount of h�gh- and med�um-qual�ty h�gh-elevat�on w�nter range 
was far below the landscape potent�al, �t was always above the amount expected under the natural d�stur-
bance scenar�o. Th�s result was expected from the conservat�on pol�cy wh�ch b�ased d�sturbances from 
forest harvest�ng to lower elevat�ons (eas�er access to h�gher volumes of wood fibre) and m�n�m�zed fire-
�n�t�ated d�sturbance at both h�gh and low elevat�ons. R�sk of predat�on d�d not affect th�s range nearly 
as much as the lower-elevat�on ranges because r�sk dur�ng w�nter was assoc�ated w�th moose hab�tat at 
lower elevat�ons (F�gure 13c).

Relative Comparisons of Modelled Results: Herd Areas, Seasonal Ranges, and Scenarios

Our hab�tat �ndex allowed a d�rect relat�ve compar�son of we�ghted, seasonal range values (h�gh, me-
d�um, and low) among herd areas for est�mated cond�t�ons modelled for the conservat�on pol�cy and 
natural d�sturbance (F�gure 16). These compar�sons allowed for the follow�ng general conclus�ons about 
range qual�ty �n the recovery plann�ng areas.

There was l�ttle to no potent�al for low-elevat�on ranges (e�ther post-rut or p�ne-l�chen) �n the Takla 
recovery plann�ng area and, among the recovery plann�ng areas, Takla had the least potent�al for h�gh-
elevat�on w�nter range. Scott had the greatest potent�al for p�ne-l�chen range but relat�vely low potent�al 
all other ranges. Chase had the best all-round potent�al across range types. Wolver�ne, w�th the second 
best all-round potent�al, d�ffered from the Chase by hav�ng more potent�al post-rut range and less 
potent�al h�gh-elevat�on range.

The natural d�sturbance scenar�o w�th moose as part of the predator-prey system showed dramat�c ef-
fect �n lower�ng the hab�tat �ndex. Th�s �nfluence affected post-rut range �n the Wolver�ne area the most. 
By compar�son, �t had relat�vely l�ttle effect on Takla h�gh-elevat�on range. P�ne-l�chen range was affected 
by predat�on r�sk to the extent that very l�ttle effect�ve range �s expected �n any recovery plann�ng area; 
for example, the hab�tat �ndex for the Chase recovery plann�ng area (value was 108) �s equ�valent to 
about 2100 ha.
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figure 15 Forecasted supply of (A) pine-lichen winter range and (B) high-elevation winter range simulated for 
four alternative management scenarios under conditions (i) prior to the colonization of moose and (ii) after 
the colonization of moose within the Wolverine caribou herd recovery planning area in north-central BC.
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In most compar�sons, the hab�tat �ndex based on current landscape cond�t�ons fell between the two 
natural d�sturbance scenar�os (�.e., w�th and w�thout moose). One except�on was the Chase recovery 
plann�ng area where h�gh-elevat�on w�nter range was above both natural d�sturbance scenar�os. P�ne-
l�chen w�nter range �n the Scott recovery plann�ng area (current cond�t�ons) was very close to the value 
based on the natural d�sturbance scenar�o wh�ch was �tself close to n�l (�.e., a hab�tat �ndex of 40 �s based 
on approx�mately 929 ha of moderate value range). Natural d�sturbance (w�thout moose) was equal to 
potent�al on the calv�ng and summer range because we d�d not d�rectly alter th�s range value by forest 
success�on (F�gure 10). However, s�m�lar to the other ranges, predat�on r�sk reduced the hab�tat �ndex for 
th�s range cons�derably. Unl�ke many of the other results, calv�ng and summer range rema�ned relat�vely 
abundant �n all plann�ng areas.
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figure 16 relative amount of habitat (habitat index) predicted using seasonal range (Post-rut, Pine-lichen 
winter, high-elevation winter, Calving and summer, and Movement corridor) Bayesian belief network mod-
els applied to conditions in recovery planning areas (Chase, Scott, Takla, Wolverine) in north-central British 
Columbia. results are presented for ranges under hypothetical management conditions for potential, current, 
and two natural disturbance scenarios (with moose and no moose).
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figure 17 relative amount of habitat (habitat Index) predicted using seasonal range (Post-rut, Pine-lichen 
winter, high-elevation winter, and Calving and summer) Bayesian belief network models applied to simulated 
conditions (a conservation scenario [solid lines] and a natural disturbance scenario [vertical bars] in recovery 
planning areas (Chase, Scott, Takla, Wolverine) in north-central British Columbia.
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The hab�tat �ndex for movement corr�dors was h�gh �n both the Chase and Wolver�ne areas, about half 
the potent�al �n Takla, and bas�cally non-ex�stent �n the Scott. In all compar�sons, natural d�sturbance 
w�th moose dramat�cally affected the hab�tat �ndex for movement corr�dors, reduc�ng �t to half or less of 
the potent�al.

The results for the Chase and Wolver�ne areas showed that the conservat�on pol�cy was able to ma�n-
ta�n the amount and qual�ty of p�ne-l�chen w�nter range w�th�n the range of natural var�at�on (w�th 
moose �n the system) although the current uneven age d�str�but�on �n th�s range type resulted �n a 
“fall-down” 80 years �nto the s�mulat�on (F�gure 17). The hab�tat �ndex fell to 60 and 21 for the Chase 
and Wolver�ne areas, respect�vely, below the range of natural d�sturbance results, before �t began �n-
creas�ng aga�n. Dur�ng some t�me per�ods, the hab�tat �ndex for post-rut range draws close to the lower 
range of natural d�sturbance results but otherw�se stays w�th�n that range. The hab�tat �ndex for calv�ng 
and summer range and for h�gh-elevat�on w�nter range were forecasted to usually be above the range of 
natural d�sturbance s�nce we d�d not s�mulate much d�rect d�sturbance on these h�gh-elevat�on ranges. 
Apparently, suffic�ent forest development could occur �n the Scott area to br�ng the hab�tat �ndex for 
h�gh-elevat�on w�nter range w�th�n the range expected under cond�t�ons of natural d�sturbance.

Conclusions from Modelling

We draw the follow�ng conclus�ons from use of the chase model:

1. There �s a general lack of potent�al for low-elevat�on ranges �n the Takla herd recovery plann�ng 
area.

2. Although there �s potent�al for low-elevat�on range �n the Scott recovery plann�ng area, all of th�s 
range �s expected to have an assoc�ated h�gh r�sk of predat�on even under natural d�sturbance (w�th 
moose).

3. If h�gh-elevat�on w�nter range can act as a refuge for populat�ons w�th l�ttle low-elevat�on range 
(�.e., low potent�al or where potent�al �s affected by predat�on r�sk), then we should not ant�c�pate 
large numbers of an�mals �n e�ther the Scott or the Takla recovery plann�ng areas (approx�mately 
100 or sl�ghtly less based on est�mates of current numbers). 

4. The best recovery opportun�t�es (based on fall and w�nter range potent�al) should ex�st �n the Chase 
and Wolver�ne recovery plann�ng areas, Chase hav�ng sl�ghtly more potent�al than the Wolver�ne. 
Both areas have s�m�lar levels of p�ne-l�chen w�nter range (potent�al, current, and under natural 
d�sturbance) but the Chase area should reta�n more post-rut and h�gh-elevat�on w�nter ranges.

5. By compar�son to other ranges, �t �s unl�kely that p�ne-l�chen w�nter range or post-rut range w�ll 
l�m�t populat�ons as long as the hab�tat �ndex �s managed at least to the level that would occur un-
der cond�t�ons of natural d�sturbance (w�th moose).

6. Lack of movement corr�dor �n the Scott recovery plann�ng area (�.e., W�ll�ston Reservo�r has erod-
ed th�s over a couple of decades) and l�ttle l�kel�hood of recover�ng that value, has led to the spat�al 
segregat�on of h�gh-elevat�on ranges (�.e., calv�ng and summer and h�gh-elevat�on w�nter ranges) 
from low-elevat�on ones (p�ne-l�chen w�nter range and rut range). 

7. The general reduct�on �n value of movement corr�dors �s l�kely to mean that th�s range w�ll become 
l�m�t�ng, even under natural d�sturbance (w�th moose).

8. W�thout cons�der�ng metr�cs other than the seasonal range hab�tat �ndex (�.e., other metr�cs m�ght 
�nclude patch s�ze, connect�v�ty), the conservat�on pol�cy appears to be able to prov�de for an even 
supply of all range types cons�stent w�th cond�t�ons expected under natural d�sturbance. That sa�d, 
p�ne-l�chen w�nter range and post-rut range are l�kely to have fall-downs from the current levels 
and undergo some stress over the next two to three decades.
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worksHoP resUlts

Results of the ten workshops that were held were posted for perusal by rig members. These results �n-
cluded meet�ng agendas, m�nutes, and background mater�al such as handouts, and project summar�es.

recovery goals, threats, and management tools

Local Recovery Goals and Definition of Recovery

It was agreed that the concept of recovery �s generally more su�ted to the smnea populat�on rather than 
to �nd�v�dual herds. However, there was no gu�dance from nctac to spec�fy recovery targets for �nd�-
v�dual herds. We therefore concluded that �f �nd�v�dual herds were self-susta�nable, �t could be argued 
that the herd �tself w�ll contr�bute to overall populat�on recovery. Although our local recovery goal was 
constructed w�th s�m�lar�t�es to the prov�nc�al statement, we also used elements of the nctac strategy 
to develop the follow�ng recovery goal.

“The goal for recovery of woodland car�bou �n north-central bc �s to create:

• Ecolog�cal cond�t�ons that allow herds to be self-susta�n�ng—th�s cond�t�on �s to be accompl�shed 
w�th�n n�ne generat�ons or 60 years;

• Ind�v�dual herds of > 100 an�mals and dens�t�es of > 50 an�mals/1000 km2; and
• Amounts of all seasonal ranges w�th�n or above the range of expected var�at�on (�.e., where expect-

ed var�at�on �s based on assumed patterns of natural d�sturbance and where amount of seasonal 
ranges �s character�zed by forage values, potent�al d�splacement of car�bou, and r�sk of mortal�ty as 
modelled us�ng the Car�bou Hab�tat Assessment and Supply Est�mator).

In places where the recovery goal was cons�dered ecolog�cally feas�ble, management act�ons were as-
sumed to focus on establ�sh�ng recovery of car�bou to the defined cond�t�ons. In places where herds are 
currently �n decl�ne, management act�ons should focus on halt�ng the decl�ne of car�bou w�th�n one gen-
erat�on (7 years) and promot�ng stable or �ncreas�ng populat�on trends over the next three generat�ons 
(20 years). A secondary goal was to keep stakeholders �nformed of efficacy through �mplementat�on of, 
and regular report�ng on, an effect�veness mon�tor�ng program.”
We expected that accompl�sh�ng these goals would lead to:

• An overall stab�l�ty �n numbers of car�bou at the prescr�bed levels or greater;
• Suffic�ent ecolog�cal cond�t�ons to ma�nta�n self-susta�n�ng car�bou populat�ons although th�s may 

not be ach�evable at all locat�ons g�ven past and ongo�ng levels of d�sturbance and/or global cl�mate 
change;

• Connect�v�ty among herds where ecolog�cally feas�ble (e.g., Takla and Wolver�ne herds);
• Mod�ficat�ons to some pol�cy bound�ng current �ndustr�al development; and
• Mon�tor�ng that �nvolves modelled project�ons of hab�tat and populat�on to determ�ne �f future 

populat�ons are expected to be stable (or �ncreas�ng).

Attributes of Seasonal Ranges that can be Threatened

The rig determ�ned the pr�mary l�fe requ�s�te of car�bou to conserve on seasonal ranges was forage 
resources. Other l�fe requ�s�tes such as shelter from spec�fic thermal cond�t�ons were cons�dered but 
determ�ned to be less �mportant. Other hab�tat attr�butes cons�dered by the rig to be �mportant were:

• The freedom for car�bou to choose s�tes and not be d�splaced or d�sturbed by human act�v�t�es;
• Relat�ve safety for car�bou wh�le us�ng the s�tes; and
• Connect�v�ty among car�bou herds to support transfer of genet�c mater�al.
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Potentially Threatening Activities

The rig l�sted the follow�ng act�v�t�es that could threaten the aforement�oned attr�butes of seasonal 
ranges, but no measure or threshold of �ntens�ty was prov�ded:

• Recreat�onal act�v�t�es such as:
 · Snowmob�l�ng,
 · Hel�-sk��ng, and
 · Boat�ng;
• Resource development for:
 · M�nerals,
 · O�l and gas, and
 · Forestry;
• Enhancement of hab�tat attr�butes for other ungulates such as:
 · Deer (Odocoileus spp.),
 · Elk (Cervus elaphus), and
 · Moose;
• Enhancement of hab�tat for the purposes of graz�ng cattle;
• Settlements and agr�culture; and
• Management to l�m�t large natural d�sturbances.

Spec�fic locat�ons where these threats may occur were noted (Table 5).

Summary of Potential, Local Recovery Actions and Priorities for Implementation

The follow�ng were cons�dered by the rig to be the management tools currently ava�lable for m�t�gat�ng 
threats to car�bou �n support of the�r local populat�on recovery:

• Predator management:
 · Increas�ng hunt�ng bag l�m�ts for wolves,
 · Extend�ng the wolf trapp�ng season,
 · Extend�ng the general open hunt�ng season for wolves, and
 · Wolf control;
• Management of other spec�es:
 · Reduct�on �n numbers of alternat�ve prey for predators v�a hunt�ng, and
 · Reduct�on �n the value of hab�tat for other ungulates (�.e., moose, elk, and deer);
• Car�bou harvest management (legal and �llegal):
 · Hunt�ng regulat�ons,
 · Increased enforcement act�on regard�ng �llegal k�ll, and
 · Access management; 
• Hab�tat management:
 · Forage ava�lab�l�ty, and
 · Control methods and t�m�ng of �ndustr�al act�v�t�es to ma�nta�n forage;
• D�splacement:
 · Control t�m�ng of human act�v�t�es (both �ndustr�al and recreat�onal), and
 · Access management controls �nclud�ng use closures and barr�ers;
• Predat�on:

· Large patch management—roads and cutblocks managed to ensure large, cont�guous areas of 
hab�tat are ava�lable (predator avo�dance), and

· Access rehab�l�tat�on to �ncrease the rate of vegetat�on re-growth �nh�b�t�ng use by wolves and 
recreat�onal users.
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tABLe  5 A summary of potential threats to caribou and their seasonal rangesa within recovery planning 
areas (Chase, Takla, Wolverine, and Scott) as expressed by the recovery Implementation Group

 Chase Takla Wolverine Scott

• Predat�on – roads 
and cutblocks, 
cl�mate change

• Loss of w�nter food 
supply –  logg�ng, 
natural d�sturbance, 
cl�mate change

• Unregulated human 
k�ll –  access

• D�sturbance/
d�splacement – 
atvs, snowmob�les, 
commerc�al 
explorat�on, 
settlements, sk��ng, 
roads, �ndustr�al 
act�v�t�es, gas and o�l 
explorat�on

• Isolat�on – loss of 
genet�c exchange

• Predat�on (�ncreased 
by t�mber harvest�ng/
roads):
· Summer range �s 

more remote and 
less developed than 
Wolver�ne

· Access corr�dor �n 
Car�na Tom�as area 
plwr

• D�sturbance:
· M�neral explorat�on 

everywhere – 
hewr, Movement 
Corr�dors, and 
plwr

Threats 
(Classes)

Short-term 
threats   
(< 10 years)

• Predat�on – roads 
and cutblocks, 
cl�mate change

• Loss of w�nter food 
supply –  logg�ng, 
natural d�sturbance, 
cl�mate change

• Unregulated human 
k�ll – access

• D�sturbance/
d�splacement –  
atvs, snowmob�les, 
commerc�al 
explorat�on, 
settlements, sk��ng, 
roads, �ndustr�al 
act�v�t�es, gas and o�l 
explorat�on

• Isolat�on – loss of 
genet�c exchange

• Predat�on:
· In movement 

corr�dors
· In h�gh-elevat�on 

w�nter range 
(Nad�na area)

• D�sturbance:
· Proposal for 

snowmob�le 
recreat�on �n 
Takla Narrows 
area

· Ex�st�ng 
snowmob�l�ng 
�n M�tchells and 
S�dney W�ll�ams

• Isolat�on:
· Connect�v�ty w�th 

the Wolver�ne herd

• Predat�on – roads 
and cutblocks, 
cl�mate change

• Loss of w�nter food 
supply – logg�ng, 
natural d�sturbance, 
cl�mate change

• Unregulated human 
k�ll –  access;

• D�sturbance/
d�splacement –  
atvs, snowmob�les, 
commerc�al 
explorat�on, 
settlements, sk��ng, 
roads, �ndustr�al 
act�v�t�es, gas and o�l 
explorat�on

• Isolat�on – loss of 
genet�c exchange

• Predat�on (�ncreased 
by t�mber harvest�ng/
roads):
· Along movement 

corr�dor from 
South Germansen 
to Jackfish Lake 
area

· Valleau calv�ng 
area

· Eklund Creek 
calv�ng area

· All h�gh-elevat�on 
areas

• D�sturbance:
· M�neral tenure �n 

the Nat�on area – 
hewr, Movement 
Corr�dors, and 
plwr

• Predat�on – roads and 
cutblocks, cl�mate 
change

• Loss of w�nter food 
supply – logg�ng, 
natural d�sturbance,  
cl�mate change

• Unregulated human 
k�ll –  access;

• D�sturbance/
d�splacement –   
atvs, snowmob�les, 
commerc�al 
explorat�on, 
settlements, sk��ng, 
roads, �ndustr�al 
act�v�t�es, gas and o�l 
explorat�on

• Isolat�on – loss of 
genet�c exchange

• Predat�on throughout 
low-elevat�on ranges

• D�sturbance:
· Pend�ng tenure 

appl�cat�ons (w�nd 
farm, commerc�al 
snowmob�le, hel�-
sk�)

• Isolat�on:
· Ev�dence of 

�solat�on from 
Wolver�ne herd due 
to low populat�on 
on west s�de of 
W�ll�ston Reservo�r
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The potent�al management ava�lable for cons�derat�on �n develop�ng recovery act�ons ranged broadly 
�n l�kel�hood of success and �n the degree to wh�ch �t departed from an ecosystem management focus 
(�.e., where targets would be expected to fall w�th�n the apparent range of natural d�sturbance). The de-
ployment strategy, therefore, was developed by subject�vely cons�der�ng both “l�kel�hood of success”, and 
“conform�ty to natural d�sturbance”, to result �n the follow�ng strateg�c pos�t�on:

• Recogn�ze that there �s natural change of moose numbers because they have colon�zed the area, but 
that we have �ncreased numbers w�th hab�tat alterat�on;

• F�rst pr�or�ty �s then to manage hab�tat to reduce effects of �ncreased predators;
• Second pr�or�ty, short-term approach, wh�le hab�tat �s be�ng restored, �s to control or l�m�t alternate 

prey spec�es (e.g., moose) to reduce the�r numbers �n spec�fic areas;
• Th�rd pr�or�ty, also short-term approach wh�le hab�tat �s be�ng restored, �s to control or l�m�t preda-

tors (e.g., wolf) to reduce predat�on on car�bou;

tABLe  5 Continued 

 Chase Takla Wolverine Scott

Longer-term 
threats   
(> 10 years)

• Loss of food:
· plwr food both 

w�th�n and outs�de 
protected areas

· T�mber harvest�ng 
– plwr and 
hewr

· W�nter food 
supply loss due to 
cl�mate change

• Predat�on:
· Connect�v�ty w�th 

the Wolver�ne and 
Scott herds

· Elk hab�tat 
enhancement 
�nfluenc�ng plwr

• D�sturbance:
· Snowmob�l�ng 

�n Johansen Lake 
area – calv�ng 
summer range

· Potent�al hel�-
sk��ng �n hewr

· M�neral and/
or o�l and gas 
explorat�on 
everywhere

• D�sturbance:
· S�dney W�ll�ams 

Peak m�neral 
development �n 
hewr

· Increased 
snowmob�l�ng �n 
the M�tchells and 
throughout �n 
hewr

· Hel�-sk��ng �n 
hewr

· Boat traffic on 
Takla Lake – 
threats to an�mals 
sw�mm�ng across

• Loss of food:
· T�mber 

harvest�ng �n 
hewr

· W�nter food 
supply due to 
cl�mate change

• Isolat�on:
· Connect�v�ty w�th 

the Chase and 
Takla herds

• Predat�on:
· Squawfish Lake 

– post-rut
• Loss of food:

· plwr food 
both w�th�n and 
outs�de protected 
areas

· Loss of arboreal 
l�chen �n hewr; 

· Squawfish 
area post-rut 
(due to t�mber 
harvest�ng)

· W�nter food 
supply loss due to 
cl�mate change

• D�sturbance:
· M�neral 

explorat�on and 
development 
everywhere 
affect�ng all 
hab�tats

· Recreat�onal 
snowmob�l�ng

• Predat�on
• D�sturbance
• Isolat�on:

· H�gh- and low-
elevat�on ranges 
�rreparably 
separated by 
W�ll�ston Reservo�r

a  plwr – p�ne-l�chen w�nter range, hewr – h�gh-elevat�on w�nter range, csr – calv�ng and summer range, prr – post-rut range.
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• The rig w�ll not cons�der long-term predator control—�f short-term measures do not work, �t may 
be concluded that the car�bou herd �s not self-susta�n�ng and recovery �s not feas�ble; and

• Recogn�ze that there w�ll always be a human �mpact/footpr�nt on the landscape.

recovery Actions

Recovery act�ons are �nstruct�ons to resource managers that, �f co-ord�nated and �ntegrated among 
stakeholders and across jur�sd�ct�ons, w�ll allow for the recovery of a spec�es at r�sk. In th�s plan, re-
covery act�ons were der�ved from the �dent�ficat�on of threats and m�t�gat�ng act�ons, as these �nteract 
w�th our conclus�ons about current and future seasonal range values. Recovery act�ons therefore spec�fy 
�nstruct�ons that reduce or el�m�nate the l�kel�hood of:

• deleter�ous effects from human-caused d�sturbances on the value of seasonal ranges for car�bou, 
and

• death to car�bou from effects other than those that would l�kely occur under natural, unmanaged 
env�ronmental cond�t�ons.

Recovery act�ons are �ntended to lead to �mprovements �n car�bou populat�ons and to the�r range �n 
such a way that the spec�es populat�on becomes self-susta�n�ng. As a matter of pr�or�ty, recovery act�ons 
focus on el�m�nat�ng undue:

• d�splacement of car�bou us�ng seasonal ranges;
• r�sk of predat�on to car�bou; and
• destruct�on of forage resources.

Recommended Recovery Actions

1) W�th�n those recovery plann�ng areas where car�bou herds have fa�led to meet the defin�t�on of 
recovery, and unless deemed compat�ble w�th car�bou recovery:
a) Do not k�ll, harm, harass, capture, or take an �nd�v�dual of a car�bou herd w�th�n the recovery 

plann�ng area; and
b) Do not possess, collect, purchase, sell, or trade an �nd�v�dual from a car�bou herd w�th�n the 

recovery plann�ng area.
2) If harvest of car�bou �s to occur, F�rst Nat�ons w�ll have pr�or�ty over harvest of car�bou pend�ng a 

process for negot�at�ng act�v�t�es that w�ll be compat�ble w�th ma�nta�n�ng the recovered status. 
3) Management responses to �nsect ep�dem�cs, forest fires, and other catastroph�c natural events 

should be cons�stent w�th these recovery act�ons.
4) In all recovery plann�ng areas, des�gn the temporal pattern of human-caused d�sturbance to moose 

range (�.e., amount of area that �s 0–40 years old) to be cons�stent w�th a trend toward patterns of 
natural d�sturbance, henceforth referred to as the range of natural var�ab�l�ty.

5) Spec�fic recovery act�ons:
a) W�th�n p�ne-l�chen w�nter range and post-rut range �n the Chase and Wolver�ne recovery plan-

n�ng areas:
�) Manage the range temporally and spat�ally so that development of resource values, or 

management w�th�n protected areas, �s conducted �n area-based clusters ≥ 5 000 ha �n s�ze. 
These clusters may conta�n p�ne-l�chen w�nter range, post-rut range, and/or surround�ng 
area needed to make up a cluster. Note: Cluster s�zes are to be spec�fied �n an approved plan. 
Forest harvest�ng or other forms of d�sturbance (e.g., prescr�bed fire) w�th�n a cluster are to 
be conducted w�th�n a 20-year per�od. S�lv�cultural act�v�t�es w�th�n a cluster are to be com-
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pleted w�th�n 70 years. Remnant areas w�th�n a cluster that are �nterst�t�al to any d�sturbance 
are to be managed �n the same t�me per�od as the rest of the cluster;

��) Do not reduce abundance of terrestr�al l�chens below the range of natural var�ab�l�ty;
���) Manage d�sturbances so that 40–60% of the range �s w�th�n clusters that are 70–140 years old 

us�ng a 140–year d�sturbance rotat�on where d�sturbances do not prevent ach�evement of 
5(a)(��);

�v) No d�splacement of car�bou from the range when �t �s 70–140 years old, other than through 
approved use of current or future ma�nl�ne roads;

v) Do not bu�ld permanent new roads (other than approved ma�nl�nes), or new tra�ls, and do 
not ma�nta�n temporary roads w�th�n clusters that are 70–140 years old;

 b) W�th�n h�gh-elevat�on w�nter range �n all recovery plann�ng areas:
�) No motor�zed recreat�on act�v�t�es on th�s range dur�ng w�nter (December through Apr�l). 

Motor�zed act�v�t�es may occur �n conjunct�on w�th, and only �n areas des�gnated for trap-
p�ng, recreat�onal snowmob�l�ng (see maps �n Append�x e), and hel�-sk� tenures;

��) Any �ndustr�al act�v�ty �n th�s area �s subject to approval of a plan compat�ble w�th car�bou 
recovery;

���) No �ndustr�al act�v�t�es lead�ng to reduct�on of the range area below the range of natural 
var�ab�l�ty where act�v�t�es that reduce range area are cons�dered to be:
• forest harvest �n stands hav�ng arboreal l�chens,
• forest harvest that creates early seral moose range below 1200 m elevat�on and w�th�n 

5 km of the range,
• construct�on of permanent roads and tra�ls w�th�n the range,
• any act�v�ty that d�rectly reduces abundance of arboreal or terrestr�al l�chens, and/or
• any act�v�ty that causes d�rect d�splacement of car�bou away from the range;

 c) W�th�n calv�ng and summer range �n all recovery plann�ng areas:
�) Any �ndustr�al act�v�ty �n th�s area �s subject to approval of a plan compat�ble w�th car�bou 

recovery;
��) No �ndustr�al act�v�t�es lead�ng to reduct�on of the range area below the range of natural 

var�ab�l�ty; where act�v�t�es that reduce range area are cons�dered to be:
• forest harvest that creates early seral moose range below 1200 m and w�th�n 5 km of the 

range,
• construct�on of permanent roads and tra�ls w�th�n the range,
• any act�v�ty that d�rectly reduces abundance of arboreal or terrestr�al l�chens, and/or
• any act�v�ty that causes d�rect d�splacement of car�bou away from the range;

 d) W�th�n movement corr�dor range �n all recovery plann�ng areas:
�) Manage the amount of early seral moose range and act�ve roads through the follow�ng:

• do not create early seral moose range �n or adjacent to (�.e., w�th�n 1 k�lometre of) the 
corr�dors, and 

• des�gn new ma�nl�nes to �ntersect rather than parallel movement corr�dors.
6) Spec�fic m�t�gat�on �nstruct�ons are focussed pr�mar�ly on reduc�ng r�sk of mortal�ty for car�bou. 

The rig favours m�t�gat�on �n order of pr�or�ty as:
 a) reduct�ons �n moose through regulated hunt�ng;
 b) reduct�ons �n wolves through normal operat�on of regulated trap l�nes;
 c) reduct�on of forage for moose, deer, or elk; or
 d) reduct�on of predators through d�rect control mechan�sms.
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 e) M�t�gat�on �nstruct�ons �nclude:
�) M�t�gate the forecasted downfall of p�ne-l�chen w�nter range and post-rut range �n the Chase 

and Wolver�ne recovery plann�ng areas for the next 15 years:
• locate area-based clusters for management (see 5(a)(�)) �n areas predom�nated by older 

p�ne stands (> 90 years old). We ant�c�pate th�s w�ll be ach�eved by the mounta�n p�ne 
beetle (mpb) ep�dem�c and/or mpb salvage operat�ons,

• avo�d locat�ng area-based clusters for management (see 5(�)) �n areas predom�nated by 
mature p�ne stands that are between 70–90 years old,

• pend�ng research on methods, use s�lv�culture (e.g., select�on of harvest method, s�te 
preparat�on method, spac�ng, or th�nn�ng) to enhance the abundance of terrestr�al 
l�chens �n p�ne stands between 40–60 years old (espec�ally those attacked by mpb) and to 
m�n�m�ze r�sk of predat�on for car�bou, where such management �s expected to �nclude:

 · clustered, rather than un�form spac�ng of planted tree stock, and/or
 · pre-commerc�al or commerc�al th�nn�ng to reduce tree stem dens�ty (stems/ha).

��) Where there �s a h�gh probab�l�ty of long-term recovery of car�bou, m�t�gate predat�on �f 
e�ther the amount of, or the spat�al patterns of, early seral moose range �s currently outs�de 
the range of natural var�ab�l�ty. Spat�ally these s�tes occur:
• �n the Scott recovery plann�ng area east of the W�ll�ston Reservo�r,
• throughout all other recovery plann�ng areas, and
• where pr�or�ty should be placed on areas of early seral moose hab�tat that �s adjacent to, 

or overlapp�ng w�th, movement corr�dors and/or p�ne-l�chen w�nter range;
���) In movement corr�dors, m�t�gate potent�al mortal�ty or d�splacement of car�bou by:

• regulat�ng use (e.g., speed l�m�ts, closures) of ex�st�ng ma�nl�nes dur�ng March through 
May and November through December, 

• reduc�ng predat�on r�sk �n current early seral moose range, and
• vegetat�on management to reduce moose forage.

7) Spec�fic mon�tor�ng �nstruct�ons �nclude but may not be l�m�ted to:
a) co-ord�nated census w�th�n all recovery plann�ng areas once every three years where each 

census w�ll be des�gned to prov�de �nformat�on on populat�on s�ze, gender/age classes, and calf 
recru�tment; 

b) co-ord�nated annual evaluat�on of the cumulat�ve resource development act�v�t�es and result�ng 
amount and spat�al configurat�on of seasonal range values (�.e., us�ng the chase model); and

c) us�ng the results of th�s mon�tor�ng as the bas�s for status assessment and approval of plans.
8) Spec�fic research �nstruct�ons �nclude but may not be l�m�ted to:

a) an assessment of the l�kel�hood that poor-qual�ty low-elevat�on ranges may become a barr�er to 
movement and hence segregate seasonal ranges;

b) an assessment of the potent�al �mpl�cat�ons of salvag�ng forests k�lled by mpb (�.e., w�th respect 
to the efficacy of �mplement�ng recommended recovery act�ons) �nclud�ng cont�nued measure-
ment of �nstalled adapt�ve management tr�als used to determ�ne s�lv�cultural techn�ques to 
ma�nta�n or enhance terrestr�al l�chens w�th�n p�ne-l�chen w�nter ranges;

c) adapt�ve management of predat�on r�sk cons�stent w�th cr�ter�a and act�ons recommended �n 6b; 
and

d) cont�nued test�ng, �mprovement, and mod�ficat�on of the chase model as requ�red.
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dIscUssIon

Use of bbns to Inform decisions about recovery 

Dec�s�ons about how best to �mplement management act�ons that would lead to recovery of car�bou 
populat�ons are nontr�v�al. Ecolog�cal uncerta�nty, stakeholder �nterests, government pol�cy, and dynam-
�cs of local and reg�onal econom�es are some of the factors that become d�fficult to art�culate, come to 
common agreement on, and balance �n an equ�table way so that all members of a d�verse team rema�n 
sat�sfied. Our use of bbns, and �n part�cular our check on cons�stency of those bbns w�th F�rst Nat�ons 
bel�efs about car�bou behav�our, led to a method to systemat�cally, expl�c�tly, and transparently track the 
d�sparate and often compet�ng factors that entered �nto the dec�s�ons about recovery act�ons. There are 
many other modell�ng frameworks that we could have selected but many depend on the collect�on and 
synthes�s of emp�r�cal data wh�ch would have been proh�b�t�ve for us financ�ally and �n the length of 
t�me requ�red to develop conclus�ons. Also, we acknowledged from the onset that, even w�th the abun-
dant stud�es of car�bou �n the area, data to character�ze our recovery scenar�o were �ncomplete and l�kely 
would never be complete. In th�s sense, the use of bbns allowed us to br�dge these gaps �n data and com-
plete a reasonably conc�se account of our current understand�ng about car�bou recovery. Through use of 
the bbns, part�c�pants �n the workshop sess�ons were better able to v�sual�ze how recovery act�ons could 
be part�t�oned to address spec�fic threats to car�bou and how the act�on could be assessed for efficacy �n 
future mon�tor�ng programs. Not all members of the team were completely comfortable w�th the tech-
n�cal and analyt�cal approach to resolv�ng recovery act�ons. We cons�dered th�s to be a healthy balance 
because some members, at t�mes, became perhaps too bel�ev�ng �n results (e.g., modelled outputs). bbns 
were used to br�ng �nformat�on to the table. It was the members who debated and then used that �nfor-
mat�on to construct recovery act�ons. Once completed, some �ssues about the overall results rema�ned 
unresolved and we d�scuss those below.

recovery Actions

Dur�ng the latter stages of del�berat�on among the rig, some members grew �ncreas�ngly anx�ous 
about the recovery act�ons and the potent�al �nd�rect �mpl�cat�ons that could result from �mplementa-
t�on. Wh�le d�rect �mpl�cat�ons were �ntended to ach�eve the outcome of recovery for car�bou herds, the 
�nd�rect �mpl�cat�ons were perce�ved to have potent�ally negat�ve �mpacts on some soc�al and econom�c 
cond�t�ons (see Factors to Cons�der �n the Soc�o-econom�c Analys�s). In add�t�on, the follow�ng l�st of 
techn�cal concerns was ra�sed, many of wh�ch may not necessar�ly be addressed by the subsequent soc�o-
econom�c rev�ew:

· Reduct�on of moose hab�tat would be counter to the fact that moose hunt�ng contr�butes to a major 
�ndustry throughout the plan area;

· Lack of comfort around rema�n�ng uncerta�nty assoc�ated w�th: 500 m buffers around seasonal 
ranges, unexpla�ned annual var�at�on �n surv�val rates, potent�al for mortal�ty �n movement cor-
r�dors, the fact that many d�sturbances result �n �ncremental or cumulat�ve �mpacts, magn�tude and 
type of effects from recreat�onal or commerc�al snowmob�l�ng, and �nteract�ons w�th the mounta�n 
p�ne beetle ep�dem�c; 

· Incomplete comfort w�th the analyt�cal approach we adopted (wh�le acknowledg�ng lack of re-
sources to attempt alternat�ve analyses); and

· Uncerta�n �nteract�on between the recovery act�ons and the Mackenz�e lrmp.
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declaration of critical Habitat

Accord�ng to �nstruct�ons �n the renew recovery operat�ons manual (Nat�onal Recovery Work�ng 
Group 2004), recovery teams should prov�de government w�th �nformat�on allow�ng for the declara-
t�on of cr�t�cal hab�tat for a spec�es at r�sk. Our work has led to the general agreement among the rig 
members that th�s declarat�on should cons�der other ecolog�cal values and that th�s �s best accompl�shed 
by, to the extent pract�cable, emulat�ng patterns of natural d�sturbance. For that reason, our recom-
mendat�on for the declarat�on of cr�t�cal hab�tat �s to have occurr�ng on the landscape, the amounts and 
qual�t�es of seasonal ranges that would l�kely ex�st under natural, unmanaged cond�t�ons. Th�s cond�t�on 
can be est�mated and evaluated us�ng the chase model. In some cases (e.g., the Scott herd), we know 
th�s �s unl�kely to support full recovery of car�bou (�.e., a self-susta�n�ng herd) and �n other cases (e.g., 
the Wolver�ne herd), we expect th�s w�ll lead to further reduct�ons �n number of car�bou. However, these 
cond�t�ons were felt to be the best comprom�se when all resource values were cons�dered (�.e., cannot 
�mplement full recovery of car�bou at the cost of los�ng moose and/or wolves as components of the 
natural ecosystems). We do expect th�s defin�t�on of cr�t�cal hab�tat, and �mplementat�on of the recovery 
act�ons to lead to populat�on stab�l�ty (barr�ng unpred�cted catastroph�c events) and hence full recovery 
�n the Wolver�ne, Chase, and perhaps the Takla herds.

Implementation schedules

It �s beyond the scope of th�s rig to forecast or recommend a spec�fic schedule for �mplementat�on of 
our suggested recovery act�ons. Several steps must occur pr�or to cons�der�ng �mplementat�on �nclud�ng, 
but not l�m�ted to, the follow�ng:

1. Acceptance of the recovery act�ons and the plan by government;
2. A rev�ew of soc�al and econom�c �mpl�cat�ons of �mplement�ng the recovery act�ons as forwarded;
3. Mod�ficat�on of the recovery act�ons �f requ�red;
4. Declarat�on of cr�t�cal hab�tat; and 
5. Approval and leg�slat�on for the final recovery act�ons.

factors to consider in the socio-economic Analysis

The health of the forest �ndustry �s a major factor affect�ng change �n the local populat�on of approx�-
mately 6000 people �n Mackenz�e and surround�ng commun�t�es (Germansen Land�ng, Manson Creek, 
Fort Ware, and Tsay Keh). Th�s w�ll be a major cons�derat�on �n the subsequent analys�s of recovery ac-
t�on �mpl�cat�ons s�nce 65% of the employment and 71% of the �ncome �s der�ved from the forest sector 
(bc Govt 2000). T�mber generates approx�mately $105 m�ll�on annually �n government revenue. 

In Fort St. James and surround�ng commun�t�es (Tach�e, Yekooche V�llage, M�ddle R�ver, Takla Land-
�ng, and Bear Lake), the rel�ance on the forest �ndustry �s much the same as �n Mackenz�e and area. F�rst 
Nat�ons compr�se approx�mately one th�rd of the 4015 people est�mated to occupy the plann�ng area of 
the Fort St. James lrmp where the forest sector contr�butes s�gn�ficantly to the local economy (bc Govt 
1999). About 40% of the labour force �s �nvolved �n some aspect of the forest �ndustry wh�ch generated 
$131.5 m�ll�on �n 1997.

Due largely to the rel�ance on the forest �ndustry, spec�fic econom�c concerns about the recovery ac-
t�ons were pr�mar�ly but not totally related to forestry, and were noted as:

• Mounta�n p�ne beetle salvage operat�ons may confl�ct w�th recovery act�on 5(a)(�);
• Use of 5000 ha m�n�mum for the s�ze of area-based management clusters may be unduly restr�ct�ve 

for �ndustr�al development;
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• Manag�ng all areas w�th�n an area-based management cluster on the same forest rotat�on may un-
duly restr�ct t�mber supply; and 

• Management to the range of expected var�ab�l�ty based on Natural D�sturbance Un�ts (Delong 
2002) w�ll l�kely confl�ct w�th legal object�ves under frpa wh�ch �mply manag�ng to d�sturbance 
patterns reflect�ng Natural D�sturbance Types.

Another theme to del�berat�ons concern�ng the subsequent soc�o-econom�c analys�s focussed on the 
recent trend toward econom�c d�vers�ficat�on throughout the reg�on. In part�cular:

• Although some recreat�onal snowmob�l�ng areas have been mapped �n accordance w�th recovery 
act�on 5 (b)(�), there are other areas w�th�n the recovery plann�ng areas that st�ll requ�re deta�led 
mapp�ng (F�gure 18) and cons�derat�on of the potent�al �nteract�on w�th car�bou recovery;

• Some rig members felt that the recovery act�ons may have unnecessary �mpact on recreat�onal op-
portun�t�es, trapp�ng, gu�d�ng, and outfitt�ng operat�ons;

• There �s a spec�fic program underway to generate econom�c d�vers�ficat�on �n Mackenz�e;
• New and unprecedented tenure appl�cat�ons have come about w�th�n the plan area wh�ch the rig 

has not had t�me to contemplate �nclud�ng: a hel�-sk� operat�on (Scott herd area), commerc�al 
snowmob�l�ng (Scott herd area), and w�nd-power generat�on (Wolver�ne and Chase herd areas).

Another cons�derat�on �n the subsequent analys�s �ncludes the soc�al �mpl�cat�ons of recovery act�ons 
on F�rst Nat�ons bands that have trad�t�onal terr�tor�es w�th�n the recovery plann�ng areas (�.e., Tsay Keh 
Dene, Kwadacha, Takla Lake, Nak’azdl�, and McLeod Lake). rig members were also generally concerned 
about the cost of recovery and who would ult�mately forward the resources necessary to �mplement 
recovery act�ons and ma�nta�n funct�on of the rig �tself. Noted was the fact that much of the fund�ng, 
hence current progress, toward recovery of car�bou was generated more from grass-roots than from 
government, and th�s was an over-r�d�ng concern of most rig members. Th�s latter po�nt about cost of 
recovery became espec�ally transparent and tang�ble g�ven the fact that two large parks occur w�th�n the 
recovery plann�ng area, both of wh�ch have pr�mary object�ves related to recovery of car�bou and yet 
both of wh�ch lack clear management plans to establ�sh susta�nable flow of hab�tat for car�bou.

Proponent responsibilities and monitoring

We developed an analyt�cal approach to evaluate range su�tab�l�ty for woodland car�bou. Benefits of th�s 
approach �ncluded the transparent establ�shment of base-case scenar�os for car�bou range, the ava�l-
ab�l�ty of a tool to cont�nually mon�tor the effect of future resource development, and a foundat�on for 
cont�nual �mprovement through future research and management. Furthermore, recovery act�ons were 
�ntent�onally wr�tten �n a “results-based” language so that proponents of natural resource development 
have flex�b�l�ty to pursue bus�ness under the cond�t�on that potent�al range �mpacts were forecasted to 
be cons�stent w�th recovery of car�bou. We conclude that the act�v�t�es of forecast�ng and mon�tor�ng 
the supply of cr�t�cal hab�tat for car�bou are techn�cally feas�ble us�ng the chase methods. Log�st�cal 
d�fficult�es are expected to be pr�mar�ly l�m�ted to: 1) gather�ng d�sturbance data planned by mult�ple 
l�censees, �nclud�ng those that span a range of �ndustr�al sectors, and 2) tra�n�ng requ�red to �mplement 
chase methods. Although ne�ther l�m�tat�on �s fatal to the process of forecast�ng and mon�tor�ng, they 
have been forwarded as focal problems for the rig to engage �n the near future. Assum�ng that these 
log�st�cal l�m�tat�ons can be reduced, we expect resource development proponents to document cons�s-
tency w�th recovery of car�bou through a process that �ncludes:

• Add�ng new resource development plans to a cumulat�ve base of h�stor�c and planned d�sturbances;
• Evaluat�ng and assess�ng cumulat�ve change to the amount and value of seasonal ranges;
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• Mod�fy�ng the spat�al and/or temporal character�st�cs of development plans �f �ncons�stent w�th 
recovery of car�bou;

• Re-evaluat�ng mod�fied plans �f requ�red;
• Reta�n�ng analyt�cal results as ev�dence of cons�stency w�th recovery of car�bou;
• Conduct�ng annual mon�tor�ng of the amount and qual�ty of season ranges to confirm cons�stency 

w�th recovery of car�bou once development beg�ns. 

figuRe  18  General location of recreational snowmobiling areas in and around four recovery planning 
areas for woodland caribou in north-central British Columbia.
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APPendIX A terms of reference: nortHern cArIboU recoVerY 
ImPlementAtIon groUP for nortH-centrAl bc

organizational framework

The Northern Car�bou Recovery Implementat�on Group for North-central Br�t�sh Columb�a (nc rig 
for ncbc) w�ll work under the ausp�ces of the Jo�nt Steer�ng Comm�ttee (jsc) for recovery of car�bou 
w�th�n the Southern Mounta�ns Nat�onal Ecolog�cal Area (smnea). Th�s jsc �s composed of three 
subcomm�ttees (F�gure 19), wh�ch prov�de techn�cal adv�ce to government and others on recovery of 
woodland car�bou (Rangifer tarandus): 

• The Terrestr�al L�chen–W�nter Feed�ng Ecotype techn�cal adv�sory comm�ttee �n bc, currently 
known as the Northern Car�bou Techn�cal Adv�sory Comm�ttee or nctac;

• The Arboreal L�chen–W�nter Feed�ng Ecotype techn�cal adv�sory comm�ttee �n bc, currently 
known as the Mounta�n Car�bou Techn�cal Adv�sory Comm�ttee or mctac; and

• The Terrestr�al L�chen–W�nter Feed�ng Ecotype techn�cal adv�sory comm�ttee �n Alberta.

f igure 19  Organizational structure of teams associated with the recovery of woodland caribou in the 
Southern Mountain National Ecological Area (smnea).
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Figure 20  Identified herds of woodland caribou located within the province of British Columbia showing their 
ecotype (boreal, northern, or mountain), geographic range of historic populations (extinct, extirpated, trace), 
and spatial location relative to the jurisdiction where caribou are proclaimed threatened with extirpation 
(Southern Mountain National Ecological Area) (MCTAC 2002).

23
24
25
26
27
28
29
30
31
32
33
34

Finlay
Spatsizi
Edziza
Level-Kawdy
Tsenaglode
Frog
Gataga
Muskwa
Rabbit
Liard Plateau

Graham
Pink Mountain

N

Charlotte Alplands
Incha-Ilgachuz
Rainbows
Tweedsmuir
Telkwa
Quintette
Kennedy Siding
Moberly
Wolverine
Takla

Hart Ranges

Chase

12
13
14a
14b
15
16
17
18
19
20
21
22

1
2
3
4
5
6
7a
7b
8
9
10
11

South Selkirks
South Purcelle
Cental Selkirks
Monashee
Revelstoke
Central Rockies
Wells Gray North
Wells Gray South
North Cariboo Mountains
Barkerville
George Mountain
Narrow Lake

35
36
37
38
39
40
41
42
43
44

Horseranch/Cry
Little Rancheria
Jennings
Atlin East
Atlin West
Belcourt
Redrock/Prairie Creek
A la Peche/North Jasper
South Jasper/Whitegoat
South Banff

COSEWIC Southern Mountain
National Ecological Areas

Caribou Herd Boundary

Boreal

Northern

Mountain

Extinct (Dawson’s Caribou)

Extirpated

Trace Occurences

39
38 37

36

28

29

27
26

30

33

31
32

35
34

24

23

19

18
17

40

12 41

42

43

44

8

7a

7b
6

5

4 3

3
2

9

10
11

25

22

20

21

16

15

14a
14b

13

Scale in kilometers

50 0 100 200

Prince
George

Dease
Lake Fort

Nelson

Fort St. John

Prince
Rupert

Smithers

Quesnel

Williams
Lake

CranbrookCastlegar

Kamloops

Vancouver

McBride



��

Each techn�cal subcomm�ttee �s supported by Recovery Implementat�on Groups (rigs). The nc rig 
for ncbc covers the most northern local populat�ons of the terrestr�al l�chen-feed�ng ecotype of wood-
land car�bou w�th�n the smnea �n central bc, �nclud�ng the Wolver�ne, Takla, and Chase populat�ons 
(F�gure 20). F�ve other rigs work under the ausp�ces of the jsc (F�gure 19). The jsc–smnea co-or-
d�nates the act�v�t�es of all rigs, prov�des techn�cal adv�ce to rigs, and performs a number of other 
act�v�t�es outl�ned �n “A Strategy for the Recovery of Northern Caribou in the Southern Mountain National 
Ecological Area in British Columbia” (nctac, �n prep). 
Note:	All rigs report to and take d�rect�on from the nctac—�nclud�ng d�rect�on on such top�cs as how 
to address soc�o-econom�c �mpacts and gu�del�nes for �dent�ficat�on of cr�t�cal hab�tat.

role of the northern caribou rig for north-central british columbia

The overr�d�ng goal of the nc rig for ncbc �s to effect recovery of the most northern local popula-
t�ons of terrestr�al l�chen-feed�ng ecotype of woodland car�bou w�th�n the smnea �n central bc. For the 
purposes of th�s Terms of Reference, the relevant populat�ons are the Wolver�ne, Takla, and Chase popu-
lat�ons, �nclud�ng a remnant herd locally known as the Scott herd; all populat�ons are henceforth referred 
to as the herds. The nc rig for ncbc w�ll prov�de to nctac, the best ava�lable sc�ent�fic adv�ce on the 
measures requ�red to recover the herds where th�s adv�ce w�ll be �n the form of one or more act�on plans. 
The nc rig for ncbc w�ll operate: �n accordance w�th the most recent draft of the renew Recovery 
Operat�ons Manual, under d�rect�on from the nctac, and under th�s terms of reference.

responsibilities of the northern caribou rig for north-central british columbia

• To produce Recovery Act�on Plans for an area that encompasses the herds. These Recovery Act�on 
Plans w�ll be cons�stent w�th the object�ves approaches and pr�or�t�es outl�ned �n A Strategy for 
the Recovery of Northern Caribou in the Southern Mountain National Ecological Area in British 
Columbia and w�ll follow the template suggested �n the Recovery Operations Manual.

• To prov�de adv�ce regard�ng soc�o-econom�c cons�derat�ons affect�ng recovery and on evolv�ng 
�ssues related to recovery or conservat�on of the herds.

• To recommend, co-ord�nate, and/or fac�l�tate the �mplementat�on of the Recovery Act�on Plans, 
ensur�ng that affected part�es are consulted w�th and �nvolved as appropr�ate.

• To bu�ld publ�c support for, and understand�ng about, recovery of woodland car�bou by extend�ng 
the act�v�t�es of the rig to general publ�c and stakeholders.

• To document act�v�t�es and report regularly to the nctac.
• To �ntegrate act�v�t�es w�th those of other rigs under the jcs and w�th rigs on other teams oper-

at�ng �n the same ecosystem or geograph�c area.

rIg composition 

• Members w�ll normally be from government agenc�es, resource �ndustr�es, the publ�c, and F�rst 
Nat�ons.

• Members w�ll have a m�n�mum two-year term rev�ewed annually.
• Members should be knowledgeable about northern car�bou techn�cal �nformat�on and/or land-

use plann�ng and management �n the relevant area of Br�t�sh Columb�a (�.e., rig members must 
prov�de b�olog�cal or management expert�se relevant to car�bou recovery, and/or must have a role 
to play �n the �mplementat�on of the Recovery Act�on Plans).

• Max�mum number: 20
• Members must be w�ll�ng to part�c�pate �n a team env�ronment.
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• Members must be able to comm�t to at least a m�n�mum amount of t�me requ�red for effect�ve rig 
funct�on and be ava�lable, or have an alternate ava�lable, for each rig meet�ng.

• The rig w�ll prov�de reg�onal representat�on across the geograph�cal area.
• The rig w�ll allow for attendance at meet�ngs by, or for part�c�pat�on by, expert�se external to the 

regular rig membersh�p as requ�red.

rIg chair 

• The rig Cha�r �s a member of nctac.
• The rig should choose the rig Cha�r and may elect a co-cha�r.
• The rig Cha�r has the follow�ng respons�b�l�t�es:
 · Attend recovery team meet�ngs (�.e., nctac) on a regular bas�s;
 · Ensure �nformat�on flow between the recovery team and the rig;
 · Co-ord�nate work of the rig;
 · Prepare agendas, cha�r meet�ngs, ensure m�nutes are produced;
 · Ensure ma�ntenance of recovery team files and prov�de cop�es to nctac as appropr�ate;
 · Prov�de �nformat�on to nctac at least on an annual bas�s, or more often �f requ�red by fund�ng
   or other agreements or government (�.e., renew), on the follow�ng:

– Fund�ng contr�but�ons (monetary, �n-k�nd, person-years, volunteer);
– Publ�c contact and consultat�on act�v�t�es;
– Progress of act�on program;
– F�nanc�al expend�tures; and
– Other as appropr�ate or defined by the recovery team.

rIg operating Principles

• rig members must be comm�tted to the recovery and conservat�on of northern car�bou �n a t�mely 
manner.

• Non-rig members can attend rig meet�ngs and w�ll be prov�ded w�th d�scuss�on opportun�t�es 
dur�ng a regulated, and pre-determ�ned t�me per�od at each meet�ng. 

• Members’ respons�b�l�t�es:
 · Members, or the�r alternates, w�ll endeavour to part�c�pate �n all meet�ngs;
 · Members are expected to contr�bute the�r knowledge and expert�se to the work of the recovery 
  team, and to carefully rev�ew and prov�de comments on draft documents; and
 · Members, other than the cha�r, w�ll not represent the op�n�on of the rig (�nclud�ng press, etc.)
• The Northern Car�bou rig for North-central Br�t�sh Columb�a w�ll work under the ausp�ces of 

nctac. nctac w�ll prov�de gu�dance to the rig. All act�v�t�es, commun�cat�ons, and documents 
are to be cons�stent w�th nctac dec�s�ons and pol�cy. The Recovery Act�on Plan w�ll be subm�tted 
to, and rev�ewed by, nctac.

• Consensus: Dec�s�ons w�ll be made by consensus �f poss�ble.
 · Consensus means everyone feels that the dec�s�on �s techn�cally sound and supported by the best 
  ava�lable �nformat�on, w�th the v�ew to reach�ng the overall v�s�on of recover�ng car�bou;
 · Consensus dec�s�ons w�ll be reached by the group, w�th �nd�v�dual concerns and d�ssent�ng 
  op�n�ons w�th rat�onales clearly acknowledged and recorded �n the plan and the m�nutes, as 
  appropr�ate; and

· If consensus cannot be ach�eved, there w�ll a mechan�sm for record�ng the d�ssent�ng op�n�on(s) 
w�th rat�onales w�th�n the Recovery Act�on Plan.
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• Dec�s�on-mak�ng w�ll be transparent:
 · Agendas, m�nutes, reports and other documents w�ll be made ava�lable to nctac and/or the 
  publ�c as appropr�ate; and
 · Regular report�ng to nctac meet�ngs as requ�red.
• Members of the rig w�ll:
 · Be sens�t�ve to, and address, potent�al confl�cts of �nterest;
 · Track fund�ng contr�but�ons (monetary, �n-k�nd, person-years, volunteer);
 · Incorporate and track publ�c consultat�on act�v�t�es;
 · Seek outs�de peer rev�ew and evaluat�on;
 · Track progress of act�on plan (as per performance evaluat�on measures); and
 · Work w�th partners to ra�se and adm�n�ster funds for rig act�v�t�es, �n collaborat�on w�th other 
  rigs, the nctac, the jsc, and others.

recovery Action Plans

• F�rst complete vers�on of the Recovery Act�on Plan(s) vetted by nctac and completed by Decem-
ber 31, 2004 (covers five-year per�od from January 01, 2005).

• The Recovery Act�on Plan w�ll be rev�s�ted on a m�n�mum five-year t�me frame, or as necessary.
• The Recovery Act�on Plan w�ll generally be cons�stent w�th the ex�st�ng recovery strategy, although 

alterat�ons are poss�ble through d�scuss�on w�th the nctac.
• The Recovery Act�on Plan should follow the template suggested �n latest renew manual on Re-

covery Operat�ons Plann�ng.
• Establ�sh performance evaluat�on measures wh�ch are l�nked to goals of the Recovery Act�on Plan.
• Include deta�led descr�pt�ons of act�ons, pr�or�t�es, t�mel�nes, and cost est�mates.
• Include the follow�ng �nformat�on:
 · Current status, by herd, and rat�onale; l�st threats;
 · Goals for recovery;
 · Ident�ficat�on of the spec�es’ cr�t�cal hab�tat;
 · Ident�ficat�on of threats to the spec�es or cr�t�cal hab�tat;
 · Ident�ficat�on of knowledge gaps;
 · Measures proposed to protect the spec�es’ cr�t�cal hab�tat;
 · Ident�ficat�on of any port�ons of the cr�t�cal hab�tat that have not been protected; and
 · Statement of measures to be taken to �mplement the recovery strategy and when they are to take 
  place.
• Ident�fy soc�al, econom�c, and ecolog�cal consequences (�nclud�ng costs where poss�ble) of �mple-

ment�ng the act�on plan and the benefits to be der�ved from �ts �mplementat�on.
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APPendIX b recoVerY ImPlementAtIon groUP membersHIP lIst

Contact  Organization Phone Number Email

Recovery Implementation Group (Chairperson):

Doug Heard M�n�stry of Env�ronment (250) 614-9903 doug.heard@gov.bc.ca 
Scott McNay W�ldl�fe Infometr�cs, Inc. (250) 997-5700 scott.mcnay@w�ldl�fe�nfometr�c.com 

Recovery Implementation Group (Stakeholders):

Warren Waycheshen D�str�ct of Mackenz�e (250) 997-3221 warren@d�str�ct.mackenz�e.bc.ca 
Lars Hulste�n Canad�an Forest Products, Ltd. (250) 997-2629 lars.hulste�n@canfor.com 
   Alternate: Doug Ambed�an (250) 997-2574 doug.ambed�an@canfor.com 
Shaun Kuz�o Ab�t�b� Consol�dated Co. of Canada (250) 997-2738 shaun_kuz�o@ab�t�b�consol�dated.com 
   Alternate: Mark Pr�de (250) 997-2772 mark.pr�de@ab�t�b�consol�dated.com   
John Deal Counc�l of Forest Industr�es (250) 962-3313 john.deal@canfor.com 
Len Stratton bcts – pg Bus�ness Area (250) 614-7515 len.stratton@gov.bc.ca 
Karl Sturman�s Tsay Keh Dene (250) 562-8882 ksturman�s@tkdb.ca 
   Alternate: Robert Tomah (250) 562-8882 rtomah@tkdb.ca 
Ch�ef Jeanette West. Takla F�rst Nat�on (250) 564-3704 Ma�l
James H. Breshere. Alexander fam�ly (250) 564-3704 Ma�l
Dave Crampton Kwadacha Band  crampton@arborecos.com 
Ryan B�chon McLeod Lake Ind�an Band (250) 750-4415 b�chons@mackbc.com 
Chr�s Johnson Un�vers�ty of Northern bc (250) 960-5357 johnsoch@unbc.ca 
Barry Booth The Land Conservancy of bc (250) 564-2064 bbooth@conservancy.bc.ca 
Wayne Sawchuk Canad�an Parks & W�lderness Soc. (250) 788-7871 wsawchuk@pr�s.bc.ca 
Mar� Wood Peace/W�ll�ston F�sh and W�ldl�fe (250) 565-4191 mar�.wood@.gov.bc.ca 
   Alternate: Fraser Corbold (250) 565-6856 fraser.corbold@.gov.bc.ca 
Dave K�ng Mounta�neers Club (250) 564-8887 k�ngjud�@bcgroup.net 
B�ll Arthur M�n�stry of Env�ronment (250) 614-9902 b�ll.arthur@.gov.bc.ca 
Ga�l Ross  M�n�stry of Env�ronment (250) 614-9919 ga�l.ross@.gov.bc.ca 
Beryl Nesb�t M�n�stry of Agr�culture and Lands (250) 565-6422 beryl.nesb�t@.gov.bc.ca 
Russ MacDonald M�n�stry of Forests and Range (250) 996-5285 russ.macdonald@g.gov.bc.ca 
Dale Se�p  M�n�stry of Forests and Range (250) 565-4125 dale.se�p@.gov.bc.ca 
Les Auston bc Snowmob�le Federat�on (250) 845-2744 lauston@telus.net 
   Alternate: Lawrence Nap�er, Rocky Mounta�n R�ders nap�erlr@hotma�l.com 
Bernard McKay Gu�de Outfitters Assoc�at�on of bc (250) 967-4269 Ma�l and cc to drown@goabc.org 
   Alternate: Chr�s Add�son (250) 675-5296 add�son@goabc.org 
John Botham  BC Trappers Assoc�at�on (250) 964-4775 T9644775@telus.net 

Recovery Implementation Group (Technical Working Group):

V�ktor Brumovsky W�ldl�fe Infometr�cs Inc. (250) 997-5700 v�ctor.brumovsky@
    w�ldl�fe�nfometr�cs.com 
Glen Watts M�n�stry of Env�ronment (250) 614-9913 glen.watts@gov.bc.ca 
B�ll Arthur M�n�stry of Env�ronment (250) 614-9902 b�ll.arthur@gov.bc.ca 
Sandra Sulyma M�n�stry of Env�ronment (250) 996-5259 sandra.sulyma@gov.bc.ca 
Randy Sulyma M�n�stry of Env�ronment (250) 567-3995 randy.sulyma@gov.bc.ca 
Andrew Fall Gowlland Technolog�es, Ltd. (250) 391-4801 fall@cs.sfu.ca 
Dan O’Br�en Cortex Consultants, Inc. (604) 738-3736 dobr�en@cortex.ca 

Recovery Implementation Group (Facilitation):

R�ck Ell�s  R. Ell�s and Assoc�ates (250) 544-2230 ell�s@�slandnet.com 
Kath� Z�mmerman Resources North (250) 612-4129 kath�@resourcesnorth.org 

Woodland Caribou Recovery Team:

Ian Hatter M�n�stry of Env�ronment (250) 387-9792 �an.hatter@.gov.bc.ca 
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table  6  Summary of data information requirements (inputs and sources) and best combination of state values to represent key ecological 
correlates of post-rut range for northern caribou in north-central British Columbia

 Ecological  Input     Best combination    
Range correlate(s) typea  Input Source States of state values Best conditions

Post-rut range Lichen abundance

 S�te   1 aspect trim/dem good/poor good Dry nutr�ent-poor mature
 product�v�ty 1 % Pl .fc1/fip < 70/70–90/≥ 90 % ≥90 % p�ne stand. Slope < 5%,  
   1 ecolog�cal un�tb pem/tem dry poor/other/not class�fied dry poor or slope > 5% and aspect
   1 SI50b .fc1/.fip < 14.5/≥ 14.5 m ≤14.5 m between 45° and 315°.
   1 stand age (years) .fc1/fip < 40/40–70/70–140/≥ 140  70–140  smrc = 0–2, snrd = a–b.

 S�te   1 stand removal (.fc1/fip) whole tree/cut to length w�ldfire Open mature stand 
 d�sturbancee  1 s�te prep .fc1/fip none/burn/scar�fy/p�le burn burn  �n�t�ated by w�ldfire.
   1 removal season  summer/w�nter summer
   1 stand age (years) .fc1/fip < 40/40–70/70–140/≥ 140 yrs 70–140
   1 stock�ng levelf .fc1/fip h�gh/low low

  Forage Usability

 Snow   1 elevat�on (m) trim/dem < 1000/1000–1300/≥ 1300 m 1000–1300 m M�d-elevat�on s�te slow
 cond�t�ons  1 b�ogeo. zone Prov bec dry/mo�st/wet subzones dry or mo�st to accumulate snow �n
   2 solar load�ng      the fall and early w�nter. 
    (Wh/m2) trim/dem < 40000/≥ 40000 Wh/m2 ≥ 40000 Wh/m2

   1 seasonal range type  fall/w�nter fall

 Predat�on 2 ƒ(prox�m�ty/  0/50/90 0 Zones of relat�vely low r�sk of
    d�stance/ecolog�cal     predat�on based on the relat�on-
    var�ables)    sh�p between moose and wolves,
        the amount of moose hab�tat,
        and the l�kel�hood of �nter-
        act�on between wolves and
        car�bou. 0 �s low r�sk.
a Input type �s e�ther from gis based d�g�tal geograph�c data (1) or from an analyt�cal algor�thm (2);
b The model only uses one of Ecolog�cal Un�t or SI50.  If ecolog�cal mapp�ng data (pem/tem) �s ava�lable then SI50 �s not used;
c smr �s so�l mo�sture reg�me on an edatop�c gr�d;
d snr �s so�l nutr�ent reg�me on an edatop�c gr�d;
e  Input fields ex�st �n fip �nformat�on from Forest Cover mapp�ng for the assoc�ated var�ables; however, �n some �nstances tables are not populated;
f Lower stock�ng �s assumed to be the most favourable cond�t�on. Research/documentat�on on stock�ng relat�onsh�p �s requ�red.  Node has l�ttle effect on the model outcome.
 



�� table  7  Summary of data information requirements (inputs and sources) and best combination of state values to represent key ecological correlates of 
pine-lichen winter range for northern caribou in north-central British Columbia

 Ecological  Input     Best combination    
Range correlate(s) typea  Input Source States of state values Best conditions

Post-rut range Lichen abundance

 S�te  1 aspect trim/dem good/poor good Dry nutr�ent-poor mature p�ne stand
 product�v�ty 1 % Pl .fc1/fip < 70/70–90/≥ 90% ≥ 90  Slope < 5%, dry poor/other/  
  1 ecolog�cal un�tb pem/tem not class�fied dry poor or slope > 5% and aspect
  1 SI50b .fc1/.fip < 14.5/≥ 14.5 m ≤ 14.5 m between 45° and 315°.
  1 stand age (years) .fc1/fip < 40/40–70/70–140/>140  70–140  smrc = 0–2, snrd = a–b.

 S�te  1 stand removal (.fc1/fip) whole tree/cut to length w�ldfire Open mature stand 
 d�sturbancee     /p�le burn  �n�t�ated by w�ldfire.
  1 s�te prep .fc1/fip none/burn/scar�fy burn
  1 removal season  summer/w�nter summer
  1 stand age (years) .fc1/fip < 40/40–70/70–140/>140  70–140
  1 stock�ng levelf .fc1/fip h�gh/low low

 Forage usability

 Snow  1 elevat�on (m) trim/dem < 1000/1000– < 1000 m Low elevat�on �n a low
 cond�t�ons     1300/≥ 1300 m  snow accumulat�on area.
  1 b�ogeo. zone Prov bec dry/mo�st/wet subzones dry  
  1 seasonal range type  fall/w�nter w�nter

 Predat�on 2 ƒ(prox�m�ty/  0/50/90 0 Zones of relat�vely low r�sk of
   d�stance/ecolog�cal     predat�on based on the relat�onsh�p
   var�ables)    between moose and wolves, the amount
       of moose hab�tat, and the l�kel�hood
       of �nteract�on between wolves and 
       car�bou. 0 �s low r�sk.
a Ib�d
b Ib�d
c Ib�d
d Ib�d 
e Ib�d
f Ib�d 
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table  8 Summary of data information requirements (inputs and sources) and best combination of state values to represent key ecological correlates of 
high elevation winter range for northern caribou in north-central British Columbia

 Ecological  Input     Best combination    
Range correlate(s) typea  Input Source States of state values Best conditions

High Elevation  
Winter Range Terrestrial Lichen Abundance
 
 S�te potent�al  2 topograph�c  trim/dem flat or convex/concave flat or convex  W�ndswept flat or
 to prov�de  1 curvatureb pem/tem terrestr�al l�chens terrestr�al l�chen convex s�te �n the alp�ne
 terrestr�al   ecolog�cal un�t  assoc�at�on/arboreal  assoc�at�on
 l�chens    l�chen assoc�at�on/other

 Arboreal Lichen Abundance

 S�te potent�al  1 ecolog�cal un�t pem/tem terrestr�al l�chen arboreal l�chen Forested s�te, w�th
     assoc�at�on/arboreal assoc�at�on appropr�ate vent�lat�on
     l�chen assoc�at�on 225°–360° to promote Bryoria spp. 
     /other
  1 aspect trim/dem 225°–360°/0°–224°
 Stand potent�al  1 % sub-alp�ne fir .fc1/fip < 40/40–80/≥ 80% ≥ 80% Mature to old sub-alp�ne fir
  1 stand age (years) .fc1/fip < 120/≥ 120 years ≥ 120 years stands w�th trees > 15 m tall.
  1 tree s�ze (he�ght) .fc1/fip < 15/≥ 15 m ≥ 15 m

 Forage Usability

 S�te Su�tab�l�ty 1 slope (%) trim/dem < 40/≥ 40 % < 40% Terrestr�al l�chen: moderate  
  1 elevat�on trim/dem < 1300/1300–  to flat slopes above 1500 m
     1550/≥ 1550 m ≥ 1550 m Arboreal l�chen: moderate to  
       flat slopes between 
       1300–1500 m elevat�on.

 Predat�on 2 ƒ(prox�m�ty/d�stance/  0/50/90 0 Zones of relat�vely low r�sk of
   ecolog�cal var�ables)     predat�on based on the relat�onsh�p
       between moose and wolves, the
       amount of moose hab�tat, and the
       l�kel�hood of �nteract�on between
       wolves and car�bou. 0 �s low r�sk.
a Ib�d
b Curvature �s calculated “by fitt�ng a four-order polynom�al through gr�d cell and �ts 8 ne�ghbours”



�� table  9  Summary of data information requirements (inputs and sources) and best combination of state values to represent key ecological correlates of 
movement corridors for northern caribou in north-central British Columbia

 Ecological  Input     Best combination    
Range correlate(s) typea  Input Source States of state values Best conditions

Movement  Corr�dor  n/a manually  profess�onal  usable useable Corr�dors are manually 
corr�dors path  �dent�fied op�n�on   �dent�fied.

 Predat�on 2 ƒ(prox�m�ty/  0/50/90 0 Zones of relat�vely low  r�sk of
   d�stance/     predat�on based on the 
   ecolog�cal    relat�onsh�p between moose and
   var�ables)    wolves, the amount of moose 
       hab�tat, and the l�kel�hood of 
       �nteract�on between wolves and
       car�bou. 0 �s low r�sk.
a Ib�d
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table  10  Summary of data information requirements (inputs and sources) and best combination of state values to represent key ecological correlates of 
calving and summer range for northern caribou in north-central British Columbia

 Ecological  Input     Best combination    
Range correlate(s) typea  Input Source States of state values Best conditions

Calving and
summer range Calving site suitability

 Calv�ng cover 1 ecolog�cal un�t pem/tem Veg at/ Veg at Flat to moderate-sloped
     Veg essf/Other  vegetated s�ted �n the alp�ne (�.e. not
  1 �nventory type  .fc1/.fip Ba or Nonfor/Other  rock . . .) or �n the essf flat to 
    group   moderately sloped s�tes w�th a sub-
  1 slope (%) trim/dem < 40/≥ 40 % < 40% alp�ne fir overstorey character�zed
       by cooler mo�ster ecosystems.

 Summer range suitability

 Summer cover 1 ecolog�cal un�t pem/tem Veg at/ Veg at Flat to moderate-sloped
     Veg essf/Other  s�tes w�th a sub-alp�ne fir
  1 �nventory type  .fc1/.fip Ba or Nonfor/Other  overstorey character�zed by
    group   cooler mo�ster ecosystems.
  1 slope (%) trim/dem < 40/≥ 40 % < 40%

 Site risk

 Predat�on 2 ƒ(prox�m�ty/  0/50/90 0 Zones of relat�vely low r�sk of
   d�stance/     predat�on based on the relat�onsh�p
   relat�onsh�p    between moose and wolves, the 
   ecolog�cal     amount of moose hab�tat, and the
   var�ables)      l�kel�hood of �nteract�on between
       wolves and car�bou. 0 �s low r�sk.
a Ib�d



�� table  11  Summary of data information requirements (inputs and sources) and best combination of state values to represent key ecological correlates of 
moose abundance during summer in north-central British Columbia

 Ecological  Input     Best combination    
Sub-model correlate(s) typea  Input Source States of state values Best conditions

Summer moose Favourable moose habitat
abundance   

 Usable forage 1 stand age (years) .fc1/.fip < 40/≥ 40 years < 40 years M�d- and h�gh-elevat�on
  1 ecolog�cal un�t pem/tem shrub dom�nated/  shrub dom�nated shrub-dom�nated
     product�ve forest/   ecosystems < 40 years old
     unproduct�ve low shrub
  1 elevat�on trim/dem < 1200/≥ 1200 ≥ 1200

 Hunting mortality

 Hunt�ng   regulated level defined pop at 20% k/ pop at 90% k Hunt�ng levels set/defined
 related   hunt�ng by wlap pop at 60% k/   by wlapb and
 mortal�ty      F�rst Nat�ons commun�t�es.
   subs�stence   pop at 20% k/ pop at 90% k
   hunt�ng  level  pop at 60% k/ 
     pop at 90% k 
a Ib�d
b bc M�n�stry of Water Land and A�r Protect�on
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table  12  Summary of data information requirements (inputs and sources) and best combination of state values to represent key ecological correlates of 
moose abundance during summer in north-central British Columbia

 Ecological  Input     Best combination    
Sub-model correlate(s) typea  Input Source States of state values Best conditions

Winter moose Favourable moose habitat
abundance   

 Usable forage 1 stand age (years) .fc1/.fip < 40/≥ 40 years shrub < 40 years Low-elevat�on shrub-
  1 ecolog�cal un�t pem/tem dom�nated/ product�ve shrub dom�nated dom�nated ecosystems
     forest/ unproduct�ve   < 40 years old
     low shrub
  1 elevat�on trim/dem < 1200/≥ 1200 < 1200

 Hunting mortality

 Hunt�ng   regulated level defined pop at 20% k/ pop at 90% k Hunt�ng levels set/defined
 related   hunt�ng by wlap pop at 60% k/   by wlapb and
 mortal�ty      F�rst Nat�ons commun�t�es.
   subs�stence   pop at 20% k/ pop at 90% k
   hunt�ng  level  pop at 60% k/ 
     pop at 90% k 
a Ib�d
b bc M�n�stry of Water Land and A�r Protect�on
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APPendIX e  recreAtIonAl snowmobIlIng AreA mAPs
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