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Abstract: M aintenance o f viable popu lation s o f m an y endangered species w ill require conservation action
in perpetuity. Efforts to conserve these species are m ore likely to be successful if their reliance on conservation
actions is assessed a t the p opu lation level W oodland caribou (^Rangifer tarandus caribouj were extirpated
recently fro m B anff N ational Park, Canada, an d translocations o f caribou to B anff an d neighboring fa sp er
N ational Park are being considered. We used popu lation viability analysis to assess the relative need fo r
a n d benefits fro m translocation o f individuals am ong caribou populations. We m easured stochastic growth
rates an d the p rob a b ility o f quasi extinction o f fo u r popu lation s o f w oodland caribou with an d w ithout
translocation. We used tw o vita l rates in our analysis: m ean adu lt fem a le su rvival an d m ean num ber o f
calves p e r breeding-age fem ale as estim ates o f m ean fecundity. We isolated process variance f o r each vital
rate. Our results suggested the Tonquin caribou po p u la tio n in fa sp er is likely to rem ain viable w ithou t
translocation, bu t th at translocation is p ro b a b ly insufficient to p re ve n t eventual extirpation o f the tw o other
popu lation s in fasper. Sim ulated reintroductions o f caribou into B anff resulted in a 53-98% p ro b a b ility o f
> 8 fem ales rem aining after 2 0 years, which suggests translocation m a y be an effective recovery tool f o r some
caribou populations.

Keywords: aUee effect, conservation reliant species, protected area, PVA, Rangifer tarandus, recovery plan,
reintroduction, translocation
El Papel de la Translocacion en la Recuperacion de Poblaciones de Caribti del Bosque

Resum en: El m antenim iento de poblaciones viables de muchas especies en peligro requerird de acciones
de conservacidn aperpetu idad. Es m d sprobable que los esfu erzospara conservar estas especies sean exitosos
si su dependencia en las acciones de conservacidn es evaluada a nivel poblacionaL El caribu del bosque
(^Rangifer tarandus caribouj fu e extirpado recientemente del Parque N acional Banff, Canadd, y se ha estado
considerando la translocacidn de caribds a B a n ffy al Parque N acional fa sp er adyacente. Utilizam os andlisis
de viabilidad poblacion al p a r a evalu ar la necesidad y beneficios de la translocacidn de individuos entre
poblaciones de caribd. M edimos las tasas de crecimiento estocdsticas y la p ro b a b ilid a d de cuasi extincidn de
4 poblaciones de caribtis del bosque con y sin translocacidn. Utilizam os 2 tasas vitales en nuestros andlisis:
su pervivenciaprom edio de hem bras a d u lta sy el n um eroprom edio de crta sp o rh em b ra en edad reproductiva
com o estim aciones de la fecu n didadprom edio. Aislam os la va ria n za de cada tasa v ita l Nuestros resultados
sugieren que es probable que la poblacidn de caribd Tonquin en fa sp e r se m antenga viable sin translocacidn,
p ero que la translocacidn probablem ente es insuficiente p a r a p reven ir la eventual extirpacidn de las otras 2
poblaciones en fasper. Las reintroducciones de caribd sim uladas en B anff resultaron en una p ro b a b ilid a d de
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53-98% de que perm anecieran > 8 hem bras despuds de 2 0 anos, lo que sugiere que la translocacidn p u ed e
ser una herram ienta efectiva p a ra la recuperacion de algunaspoblaciones de caribu.

Palabras Clave: area protegida, AVP, efecto Alice, especies dependientes de la conservacidn, plan de recuperacidn, Rangifer tarandus, reintroduccidn, translocacidn

Introduction
The long-term conservation of many endangered species
may require sustained conservation effort, and most likely
these species will never recover to the point w here they
can be delisted (Doremus & Page 2001; Scott et al. 2010).
Such species have been called conservation reliant (Scott
et al. 2005). Scott et al. (2005) hypothesized that the
level of recovery attainable for different species varies
as a function of the level of effort needed to ensure the
species’ persistence. The extent to w hich populations of
a given species that differ in size or level of exposure to
threats are conservation reliant also may vary. Quantifica
tion of the level of conservation reliance among popula
tions could provide information on the likely efficiency of
proposed recovery actions (Bottrill et al. 2008; McDonaldMadden et al. 2008).
One com m on recovery tactic is the translocation of
animals to either reintroduce populations or to increase
the num ber of individuals in extant populations (Scott
et al. 2005; Armstrong & Seddon 2008). Translocations of
endangered species rarely are successful (Fischer & Lindenmayer 2000), although many translocations have not
considered the population ecology of the species in detail
(Seddon et al. 2007). Retrospective analyses have been
used to assess the demographic outcom es of past translo
cation programs (Van H outanetal. 2010), and population
viability analyses (PVA) allow the a priori com parison of
population persistence given different translocation sce
narios (Morris & Doak 2002). Given that few individuals
typically are translocated, demographic stochasticity and
Allee effects may affect w hether translocations increase
the probability of species recovery (Deredec & Courchamp 2007; Van Houtan et al. 2010). Population viabil
ity analysis can be used to quantify the extent to w hich
populations of endangered species are reliant on translo
cation or other conservation interventions by allowing
the comparison of projected population outcom es under
different scenarios.
The woodland caribou {Rangifer tarandus caribou')
is listed as endangered in the United States and as threat
ened across most of its range in Canada. Evidence that
populations of w oodland caribou are conservation re
liant is m ounting along the southern edge of the species’
range (Schaefer 2003), w here translocation (Com pton
et al. 1995), habitat protection (Mosnier et al. 2003), and
predator control (Gross 2008) have been used to main
tain extant populations. Extirpations of populations of
w oodland caribou occurred recently in British Columbia

Conservation Biology
Volume 25, No. 2, 2011

(W ittmer et al. 2010), and several other southern popu
lations have high probabilities of extirpation in the near
future (Boisjoly et al. 2010; Schneider et al. 2010; W ittmer
et al. 2010). Anthropogenic land use is hypothesized to
be the primary driver of the decline of w oodland cari
bou. Human activities have caused habitat loss (Schaefer
2003) and may have indirectly caused asymmetry in wolf{Canis lupus) mediated apparent com petition (DeCesare
et al. 2010) betw een caribou and primary prey species
(such as moose [Aloes alcesf), w hich increase in abun
dance in areas of anthropogenic land use (W ittmer et al.
2007). In addition, at low population densities caribou
may be susceptible to Allee effects (W ittmer et al. 2005;
McLellan et al. 2010).
Protected areas alone may not be sufficient to con
serve caribou (Brashares 2010), as evidenced in Banff and
Jasper national parks. The only population in Banff was
extirpated in 2009 (Hebblewhite et al. 2010), and tw o
of four remaining populations in Jasper have declined to
<10 individuals. Hebblewhite et al. (2010) and Serrouya
and W ittmer (2010) argue that caribou conservation in
Canada’s national parks was ineffective because there
w ere episodically high levels of w olf predation, delays in
production and implementation of a recovery plan, a lack
of political will to conserve the taxon, and disagreements
about the roles of passive and active recovery strategies.
Translocation may be the m ost aggressive approach to
caribou conservation given lack of societal support for
predator control (Garrott et al. 1993; Bruskotter et al.
2009), particularly within the national parks (Serrouya &
W ittmer 2010). We conducted PVAs of four populations
of w oodland caribou in Banff and Jasper national parks
to assess the efficacy of translocation-based recovery.

Methods
study Area and Caribou Populations

Our study area included portions of the Canadian Rockies
within Banff and Jasper national parks (Banff and Jasper
hereafter) in Alberta, Canada (Fig. 1; 52°N, 117°W). Banff
and Jasper combine w ith adjacent federal and provincial
protected areas to form one of the largest protected land
scapes (>20,000 km^) in North America. Elevations in
Banff and Jasper range from 1000 to 3500 m and the
mean slope is 20°. Winters are long and cold, and sum
mers are short. Most precipitation occurs in spring.
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used the fixed-mean survival rate for each population as
the stochastic survival rate. In the second set of simula
tions, w e evaluated the effects on persistence of positive
density-dependent survival (i.e., an AUee effect) (W ittmer
et al. 2005; McLellan et al. 2010). We assumed the small
populations in our study area remained below carrying
capacity and did not model negative density dependence
in vital rates. In our third and fourth sets of analyses, we
considered different translocation scenarios (described
below) w ith both fixed and density-dependent mean
survival.
Estimating Vital Rates
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Figure 1. Flome ranges (shadedpolygons) o f
w oodland caribou in three ex ta n t populations in
Jasper N a tio n a l Partz a n d the recently extirpated
p o p u la tio n in B a n ff N atio n a l Partz, Alberta,
2001-2009.

Caribou populations within the national parks in the
Canadian Rockies are federally classified as com ponents
of caribou within the Southern Mountain National Eco
logical Area. There are four extant populations of caribou
in Jasper: A la Peche (northern Jasper), Brazean, Maligne,
and Tonquin. In 2009 estimated sizes of these popula
tions w ere 150, 10, 4, and 74 individuals, respectively
(M.B. & L.N., unpublished data). Nuclear DNA of cari
bou in the Canadian Rockies shows that the caribou in
Banff and Jasper are distinct from neighboring popula
tions (McDevitt et al. 2009). We did not consider the A la
Peche caribou because they generally migrate outside the
national parks in winter. We focused our PVA on reintro
duction of the Banff population and on translocations to
restock the Brazeau, Maligne, and Tonquin populations
in Jasper (Fig. 1).
PVA Scenarios

To parameterize PVA, w e summarized the means and pro
cess variances of survival and fecundity of adult females
of the caribou populations in Banff and Jasper from 2001
to 2009. We used these vital rates to project persistence
of the populations for 20 years. We selected a projec
tion time of 20 years because it is a feasible horizon for
management and recovery planning and action in the
parks. We conducted four sets of PVA. In the first set, we

We fitted sateUite or radio collars (Lotek Engineering, Au
rora, Ontario) on female caribou (>1.5 years old) in the
Banff (n = 2) (before extirpation), Brazeau (n = 13), Ma
ligne (n = 10), and Tonquin (n = 22) populations from
2001 to 2009. We used helicopter net guns to capture ani
mals (protocols approved by Parks Canada and University
of Montana; Animal Use Protocol 059-09MHWB-122209).
For each of the Jasper populations, w e used a
staggered-entry Kaplan-Meier procedure (Pollock et al.
1989) in program Stata 10 (StataCorp 2007) to estimate
population-specific mean annual survival from 1 June to
31 May (a biological year) for each year of the study.
Sample size for the Banff population was insufficient to
estimate a herd-specific survival rate. Thus, w e consid
ered tw o scenarios of mean survival in Banff: one was
based on pooled data from all collared individuals and
one was based on data from the Tonquin population in
Jasper. Survival rates in the former scenario w ere low er
than in the latter. We assumed survival rates of rein
troduced adult female caribou in Banff w ould remain
at or above the pooled mean over 20 years. Probabil
ity of caribou persistence in the Canadian Rockies can
be theoretically estimated solely as a function of wolf
density and densities of the w olves’ primary prey (Flebblewhite et al. 2007). We based our assumption of fe
male survival in Banff on the 75% decline in primary prey
(elk) populations and subsequent and equivalent declines
in w olf density (Flebblewhite 2006; Flebblewhite et al.
2010).
We quantified positive density dependence in survival
rates by regressing annual survival rates and ln(num ber
of females) for all biological years (sensu W ittmer et al.
2005; Supporting Information). Annual survival (A) in
creases linearly as ln(num ber of females [A^]) increases.
A = 0.724 + 0.0488 * ln(A /).

( 1)

Although the relation was not statistically significant
(R^ = 0.10, T i 4 6 = T85, p = 0.19), it was similar to
previously docum ented positive density dependence in
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woodland caribou populations (Supporting Information;
W ittmer et al. 2005; McLellan et al. 2010).
Variance estimation for stochastic modeling should iso
late process from sampling variance (White 2000), w hich
is possible w hen estimates of both within- and amongyear variances are available (Morris & Doak 2002). We
calculated within-year variance of annual survival esti
mates pooled among all populations according to Green
w ood (1926) and then used W hite’s (2000) m ethod to
isolate process variance (Vf).

for adult survival adjusted to 2-month survival, w hich
converted the num ber of calves detected each March
to an estimate of num ber of calves surviving to the end
of the time step the following May (assuming calf sur
vival = adult survival in April to May). Third, w e multi
plied the num erator by 0.5 to account for an estimated
sex ratio of 1:1. Thus, w e estimated fecundity as

FECUNDITY

w hich reduces to

Fecundity (F} in female-based, prebirth pulse, matrix
models is the product of multiple vital rates, including
pregnancy, fetal survival, fetal sex ratio, and calf sur
vival through the first year. Although survival of w ood
land caribou calves is poorly studied, recruitm ent is com
monly m onitored w ith spring aerial surveys that quantify
the mean num ber of calves p er breeding-age female (A)
(McLoughlin et al. 2003). The mean num ber of calves p er
breeding-age female can be adapted for use in prebirth
matrix models by combining multiple vital rates into a
single matrix element that parameterizes the contribu
tion of 1-year-old calves at the end of each time step p er
adult that entered the time step. From 2004 to 2009, we
conducted aerial counts of calves and females in March
and used data pooled across Jasper populations to esti
mate the mean and process variance of fecundity. We es
timated within-year mean num ber of calves p er breedingage female from survey counts p er year ( 0 as
Ri =

E v
12 Ci'

(2)

w here y, and c, are the num bers of calves and females
>1.5 years old detected during an annual survey, respec
tively.
We estimated within-year variance of m ean num ber of
calves p er breeding-age female w ith a binomial estimator
(Thompson 1992):
var {R.) =

C iCi

Ci

\ R i(l - R d
Ci -

(3)

I

w here Q is the estimated num ber of females in the pop
ulation on the basis of population-wide surveys. We used
W hite’s (2000) m ethod to estimate process variance of R
across all years of monitoring.
March m ean num ber of calves p er breeding-age female
did not correspond directly to F for matrix projections,
so w e adjusted stochastically derived values of R in three
ways. First, w e divided the denom inator of Eq. (2) by
a concurrent stochastic value for 10-month adult sur
vival
w hich converted the num ber of females
detected each March to an estimate of num ber of females
that entered the time step the previous June. Second, w e
multiplied the num erator by the same stochastic value
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X 0.5
Fi = Ri X

(4)

l/S f

Fi = Ri X Si X 0.5.

(5)

Current Viability

We constructed a stochastic, female-based, age-struc
tured, prebirth pulse, Leslie matrix to model caribou life
history and population grow th for each of our four study
populations (Leslie 1945). We did not model senescence
in survival or fecundity. Instead, w e assumed survival
and fecundity estimates w ere representative of the en
tire age distribution across all breeding age classes. We
used code adapted from Morris and Doak (2002) to con
duct stochastic simulations in both programs MATLAB
(version R2009a, The MathWorks, Natick, Massachusetts,
U.S.A.) and R (version 2.11.1, R Development Core Team
2010). We based initial simulations on fixed, populationspecific, mean survival rates by drawing random values
of adult survival and March mean num ber of calves p er
breeding-age female (adjusted to fecundity w ith Eq. 5)
from beta distributions w ith estimated means and pro
cess variances. Simulations in w hich survival was den
sity dependent w ere similar, except that stochastic sur
vival rates w ere generated from beta distributions with
a density-dependent mean survival rate derived from
Eq. 1.
In all simulations w e explicitly m odeled demographic
stochasticity so as to treat vital rates as probabilistic in
dividual outcom es rather than population-level averages
(Morris & Doak 2002). We projected abundances of all
populations 20 years into the future and ran 10,000 sim
ulations of each scenario. Because w e only observed one
m ovement of a radio-collared individual among popu
lations, w e treated populations as demographically iso
lated. We reduced extant populations to female-only vec
tors by distributing minimum num ber of adult females
detected in 2009 into a stable age distribution according
to the right eigenvector of the mean matrix and by as
suming a 1:1 sex ratio of calves. Correlations betw een
survival and fecundity w ithin and among years w ere not
statistically significant, and the parameterization of cor
related vital rates in simulations had minimal effects on
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results. Thus, w e report simulation results assuming no
within- or among-year vital-rate correlation.
Small populations may be affected by stochasticity
(e.g., inbreeding depression or susceptibility to catas
trophic events) that increases the probability of extirpa
tion w hen abundance is below a quasi-extinction thresh
old (Ginzberg et al. 1982; Gilpin & Soule 1986). We
incorporated a quasi-extinction threshold in the inter
pretation of PVA results equal to our maximum observed
group size to account for the increased probability of
extirpation w hen all females are in a single group. Dur
ing w inter population surveys from 2004 to 2009, female
caribou group size in Jasper ranged from 1-8 (x = 3.1,
n = 81 groups), w hich is similar to the size of summer
groups in British Columbia (x = 3.8, n = 2099 groups;
McLellan et al. 2010). Therefore, w e used a threshold
of eight females as the quasi-extinction threshold, w hich
also represents the minimum population size at w hich re
covery efforts are feasible in other populations of w ood
land caribou (Com pton et al. 1995; Stronen et al. 2007).
We summarized the results of all simulations w ith the cu
mulative probability of quasi extinction (n < 8 females at
any point in time) over 20 years and the stochastic pop
ulation grow th rate (7^), estimated as a geometric mean
across simulations.

dent survival (W arren et al. 1996). We m odeled 3 years
of post-translocation survival depression, w ith 30%, 20%,
and 10% decreases in annual adult survival probabili
ties for the first 3 years w hen projecting populations of
translocated individuals, and w e assessed the effect of
post-translocation survival depression by simulating all
scenarios w ith and w ithout survival depression.

Results
Current Viability

Pooled mean annual survival of adult female woodland
caribou (V) was 0.874 during the study period; raw vari
ance (s^) was 0.00985 and isolated process variance
(Pc[V]) was 0.00693. Mean population-specific, annual
survival differed among extant populations w ithin Jasper
(Table 1), although 95% CIs overlapped among all popu
lations. The pooled mean num ber of calves p er breedingage female (K) was 0.284, raw variance was 0.01230,
and process variance (Tc[/?]) was 0.01030. Simulations
of extant population sizes in w hich mean vital rates w ere
either fixed or density dependent generated a high prob
ability of quasi extinction (pr[n/ < 8] = 1.0) for the
Brazeau and Maligne populations. The Banff population
was extirpated in 2009, and the Brazeau and Maligne
populations had low initial population sizes (Brazeau
n / j = 0 = 6; Maligne nf^t=o = 3) and low adult female
survival (Brazeau S = 0.806; Maligne S = 0.842), w hich
resulted in declining stochastic grow th rates (Brazeau
Lvfms = 0.874,
= 0.851; Maligne
= 0.916,
L^.dds = 0.845). The median times to extirpation (n / = 0)
for both the Brazeau and Maligne populations w ere 16
years, assuming fixed mean survival, and w ere 14 and 8
years, respectively, assuming density-dependent survival.
After 20 years only the Tonquin population was ex
tant (Table 2 & Fig. 2). Projections of population size
for the Tonquin population w ere considerably more re
sponsive than those for other populations to w hether
mean survival values w ere fixed or positively density
dependent. W hen mean survival was fixed, abundance

Viability with Translocation

We used similar m ethods to simulate scenarios in w hich
caribou w ere translocated into each of the four popula
tions. Caribou translocations typically involve the intro
duction of 30-60 caribou over 1-3 years (e.g., Stronen
et al. 2007). Thus, w e simulated the translocation of 15
caribou/year over 1, 2, and 3 years, respectively, w hich
represented the translocation of 15, 30, and 45 females,
or 20, 40, or 60 total caribou, respectively, assuming the
inclusion of males in translocations at a sex ratio of 3
females to 1 male. We also assumed translocated cari
bou fit the stable age distribution. Translocated animals
can have low er probabilities of apparent survival than
residents due to mortality and emigration, although sur
vival probabilities can increase gradually to equal resi

Table 1. Population-level annual survival of adult females (S), pooled March mean number of calves per breeding-age female (R), and pooled
process variance {Vc) estimates for woodland caribou in Banff and Jasper national parks, Alberta, Canada, 2001-2009-*

March m ean
num ber o f calves
p e r breeding-age
fem a le

A du lt fem a le survival
Population
Banff
Brazeau
MaUgne
Tonquin
Pooled

tifnonitored

timortalities

Days

S

2
13
10
22
47

2
7
5
5
19

1996
2425
2792
2425
2792

95% CI

Vc(S)

R

_

-

_

_

0.806
0.842
0.944
0.874

0.670-0.916
0.605-0.925
0.871-0.976
0.808-0.919

0.0069

0.284

VAR)

0.0103

*Key: nmonitored, n u m b e r o f fe m a le s m onitored: 'amonairnes, n u m b e r o f mortalities: days, length o f survival-m onitoring p erio d in days.
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The effect of translocation on population viability de
pended on w hether survival was fixed or density de
pendent. W hen mean survival was fixed, transloca
tions increased population sizes and minimally increased
stochastic grow th rates (Table 2). W hen survival was
positively density dependent, translocations increased
both initial population sizes and stochastic growth rates
(Table 2 & Fig. 2). Although positive density dependence
accelerated population declines of the Brazeau and Ma
ligne populations w hen no individuals w ere translocated,
it led to increased survival w hen individuals w ere translo
cated. Stochastic grow th rates of 0.966 and 0.955 in the
Brazeau and Maligne populations, respectively, resulted
from translocation alone (Table 2).
Stable to positive grow th rates w ere generated by
translocation in the Tonquin population under all sce
narios (Xs = 0.992-1.043), whereas in Banff stable to
positive growth rates w ere achieved only w hen survival
rates w ere fixed and high (Xg = 1.038-1.042). Simula
tions in w hich 45 females (60 total) w ere translocated to
Banff resulted in a 53-98% probability of the population
containing > 8 females in 20 years, and the stochastic
population grow th rates w ere 0.938-1.043. We assumed
3 years of post-translocation survival depression in all sim
ulations, w hich resulted in an average 40% decrease in
the median num ber of females after 20 years.

Discussion
Our results suggest there is variation in the extent to
w hich persistence of different w oodland caribou po p 
ulations in Banff and Jasper rely on translocation. The
Brazeau and Maligne populations are likely to be ex
tirpated in <20 years w ithout translocation. Although
translocation efforts may reduce the short-term proba
bility of extirpation of these populations, translocation
does not appear sufficient to reverse declines in abun
dance. The Tonquin population appears viable w ithout
translocation. If caribou are reintroduced into Banff, the
population may be viable w ithout further translocation if
high survival probabilities are realized. Thus, managers
of conservation-reliant populations may wish to con
sider differentially prioritizing recovery actions, such as
translocation, among populations of endangered species.
In a recent review of reintroduction biology, Arm
strong and Seddon (2008) identily an information gap
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Figure 2. Probability o f quasi extinction (rtf < 8) over tim e in 10,000population-projection sim ulations o f fo u r
scenarios fo r the B a n ff Brazeau, Maligne, a n d Tonquin populations o f w oodland caribou. D ata used in
sim ulations were collected during 2 0 0 1 -2 0 0 9 in B a n ff a n d Jasper n a tio n a l parks, Alberta. The fo u r scenarios are
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relative to the relation betw een population establish
m ent and the num ber of individuals that are translocated.
We believe populations respond to num ber of translo
cated individuals in three ways. First, translocations in
crease population size regardless of trends in abundance,
w hich decreases the short-term probability of extirpa
tion. Second, translocations can decrease the negative
effects of demographic stochasticity by leading to small
increases in stochastic population growth rates
in Table 2) (Morris & Doak 2002). Third, in populations
w ith positive density dependence, translocations may re
duce the intensity of Allee effects by increasing popula
tion sizes and subsequent population grow th rates (X^ ods
in Table 2). Translocations have been correlated w ith
increased means and reduced variances in population
grow th rates for ungulates (Komers & Curman 2000; Van
Houtan et al. 2010). Nevertheless, the effects of translo
cations observed in the past may not have been inde
pendent of concurrent recovery actions (Van Houtan
et al. 2010). In our work, w hen survival was density
dependent, a threshold betw een positive and negative
stochastic population grow th occurred w hen the num
b er of female caribou was approximately 50 (Table 2),
although this num ber may be higher for populations out
side protected areas (Supporting Information; W ittmer
et al. 2010).

The International Union for Conservation of Nature
(lUCN) recom m ends that individuals only should be
translocated w hen threats have been rem oved and suf
ficient habitat is available (lUCN 1987). Our results sug
gest translocation alone will not lead to recovery of the
Brazeau and Maligne populations unless underlying vi
tal rates are improved naturally or through additional
conservation actions. Current probabilities of persistence
may be driven by wolf-mediated apparent com petition
among caribou and abundant primary prey species such
as moose (Seip 1992), elk iCervus elaphus) (Hebblewhite
et al. 2007), and deer iOdocoileus spp.) (Latham 2009).
Thus, translocation of caribou may increase probabilities
of persistence of the Brazeau or Maligne populations if
primary prey and w olf densities w ere to decline substan
tially. Direct m anipulation of predators or primary prey
species may be effective short-term recovery actions for
endangered secondary prey species (Courchamp et al.
2003; Lessard et al. 2005), particularly if these actions
are com bined w ith translocations (Van Houtan et al.
2010). Although directives for managing hyperabundant
species are in place w ithin Parks Canada (Prior 2010),
achieving consensus on these forms of active manage
m ent for endangered species recovery is challenging
for Parks Canada and other organizations (Hebblewhite
et al. 2010; Serrouya & W ittmer 2010). Additionally,
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conservation tactics such as predator control are often
short term and proxim ate solutions to conservation prob
lems (Musiani et al. 2005; DeCesare et al. 2010) that may
have high social (Garrott et al. 1993; Bruskotter et al.
2009) and ecological (Wallach et al. 2010) costs.
It is difficult to measure the success of translocation
projects because such projects often lack explicit goals
and com pletion times (Fischer & Lindenmayer 2000).
Many translocation programs do not distinguish betw een
phases of initial population establishment and long-term
persistence (Armstrong & Seddon 2008). To account for
increased mortality and emigration during population es
tablishment, our analysis assumed survival rates for 3
years following translocation w ould be reduced (W arren
et al. 1996). We assumed that environmental conditions
during the next 20 years will be similar to those of the past
8 years. Twenty years is a relatively short time frame for
population projections, but the potential for changing cli
mate (Post et al. 2009), anthropogenic land use (W ittmer
et al. 2010), and predator-prey community (Hebblewhite
et al. 2007) conditions makes longer term projections
challenging. W oodland caribou and other species that
have locally adapted behaviors are difficult to translocate
successfully.
Most endangered species exist within multiple popula
tions (Wilcove et al. 1993), and these populations vary in
the extent to w hich they depend on conservation actions.
We used PVA to quantify the probability of extinction
and to predict the probability of recovery of populations
of w oodland caribou w ith and w ithout translocation.
Recovery efforts may be aimed at preventing the loss
of a single population (Chauvenet et al. 2010) or at prior
itizing populations for conservation (Bottrill et al. 2008,
McDonald-Madden et al. 2008). In either case, explicit re
covery priorities are needed to set quantitative recovery
criteria, determ ine probability of extinction, and identify
efficient conservation strategies.
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