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What Happened to the Beverly Caribou Herd after 1994?
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ABSTRACT. The Beverly herd was one of the first large migratory herds of barren-ground caribou (Rangifer tarandus
groenlandicus) defined in northern Canada on the basis of annual return of breeding females to traditional calving grounds
near Beverly Lake in Nunavut. In 1994, herd size was estimated at 276 000 + 106 600 (SE) adult caribou, but monitoring was
minimal from 1994 to 2007. The next calving ground survey in 2002 revealed that caribou densities had dropped by more than
half since 1994; annual surveys following from 2007 to 2009 demonstrated an extreme decline in numbers of calving cows,
and by 2011, no newborn calves were seen there. We examine two possible explanations for the declining use of the traditional
Beverly calving grounds from 1994 until their abandonment by 2011. One explanation is that a true numerical decline in
herd size occurred, driven in at least the later stages by low cow survival and poor calf productivity, which led the remaining
Beverly cows to switch to the neighbouring Ahiak calving ground 250 km to the north in 2007—09 and join that herd. An
alternative explanation is that the decline on the traditional Beverly calving grounds was largely due to a distributional shift to
the north of the Beverly herd that may have begun in the mid-1990s. We suggest that the former explanation is the more likely
and that the Beverly herd no longer exists as a distinct herd. We acknowledge that gaps in monitoring of Beverly and Ahiak
caribou hamper definitive evaluation of the Beverly herd’s fate. The large size sometimes achieved by barren-ground caribou
herds is not a guarantee of persistence; monitoring shortfalls may hamper management actions to address declines.

Key words: Beverly; Ahiak; barren-ground caribou; decline; range shift; calving grounds; survival; productivity; monitoring

RESUME. La harde de caribous de Beverly a été I'une des premiéres grandes hardes migratoires de caribous de la toundra
(Rangifer tarandus groenlandicus) définies dans le nord du Canada en fonction du retour annuel des femelles reproductrices
aux lieux de mise bas traditionnels situés prés du lac Beverly, au Nunavut. En 1994, 1a taille de la harde était évaluée a 276 000
+ 106600 (ES) caribous adultes, mais de 1994 a 2007, la surveillance a été minime. Le prochain recensement relatif aux mises
bas a été réalisé en 2002, et celui-ci a révélé que les densités de caribous avaient chuté de plus de la moitié depuis 1994. De 2007
22009, des recensements annuels ont permis de constater le déclin prononcé du nombre de femelles en vélage, si bien que vers
2011, on n’a apergu aucun nouveau-né. Nous nous penchons sur deux possibilités pouvant expliquer le déclin de I’utilisation des
lieux de mise bas traditionnels de Beverly de 1994 jusqu’a ’abandon de ces lieux vers 2011. Une explication veut qu’il y ait eu
une chute réelle du nombre de membres de la harde attribuable, tout au moins vers la fin, au faible taux de survie des femelles
et au faible taux de productivité des veaux, ce qui a mené le reste des femelles reproductrices de Beverly a opter pour le lieu
de mise bas environnant d’Ahiak, a 250 km au nord entre 2007 et 2009, et a joindre cette harde. L’autre explication veut que
le déclin enregistré aux lieux de mise bas traditionnels de Beverly soit grandement attribuable a la dérivation de la répartition
vers le nord de la harde de Beverly, dérivation qui aurait pu commencer vers le milieu des années 1990. Nous suggérons que la
premicére explication est plus plausible et que la harde de Beverly n’existe plus en tant que harde distincte. Nous reconnaissons
que le manque de surveillance des caribous de Beverly et d’Ahiak a empéché de connaitre de maniére définitive le sort de la
harde de Beverly. Parfois, la grande taille des hardes de caribous de la toundra n’est pas un gage de longévité. Les manques en
matiere de surveillance peuvent porter atteinte aux mesures de gestion a prendre pour contrer les déclins.

Mots clés : Beverly; Ahiak; caribou de la toundra; déclin; dérivation du parcours; lieux de mise bas; survie; productivité;
surveillance
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INTRODUCTION

One of the most conspicuous characteristics of barren-
ground caribou (Rangifer tarandus groenlandicus) is that
they return each year to traditional calving grounds (Kel-
sall, 1968; Skoog, 1968; Bergerud et al., 2008). Convention-
ally, the herds are named for their calving grounds (Skoog,
1968; Gunn and Miller, 1986). The Beverly herd was one of
the first herds recognized in northern Canada from its tra-
ditional calving grounds near Beverly and Aberdeen Lakes
and south of Garry Lakes (Kelsall, 1968). Mapping dur-
ing 23 aerial surveys from 1957 to 1994 showed fidelity to
these traditional calving grounds (Kelsall, 1968; Gunn and
Sutherland, 1997, BQCMB, 1999a, b).

Herd size estimates for barren-ground caribou herds
in the Northwest Territories and Nunavut generally are
obtained as extrapolations from estimates of breeding cow
numbers obtained during aerial photographic surveys at the
peak of calving in June (Heard, 1985) or from post-calving
surveys in July (Adamczewski et al., 2014). On the Beverly
calving ground in 1994, the estimate was 120000 + 43 100
(SE) breeding cows with a density of 13.5 caribou 1+ year
old/km?, which was extrapolated to 276 000 + 106 600 (SE)
caribou 1+ year old in the herd (Williams, 1995). The trend
in herd size from 1984 to 1994 was stable (Williams, 1995)
and was similar to trends in most other Canadian migra-
tory herds of barren-ground caribou at the time (Gunn et
al., 2011). Caribou numbers in most herds were low in the
1970s, then increased until the mid-1990s to early 2000s,
when they began to decline (Festa-Bianchet et al., 2011).
Although the timing of peak abundance varies across North
America, regionally the abundance of neighbouring herds
is relatively synchronous (Gunn, 2003).

The Beverly herd has three immediate neighbouring
herds with traditional calving grounds recorded through
Aboriginal knowledge and aerial surveys: the Qamanirjuaq
traditional calving grounds about 400 km to the southeast
(Heard, 1983; BQCMB, 1999a, b), the Bathurst calving
grounds about 450 km to the northwest (Heard, 1983; Gunn
et al., 2012), and the Ahiak calving grounds 250 km north
along the Queen Maud Gulf coast (Heard et al., 1987;
Gunn et al., 2000, 2013a) (Fig. 1). Abundance increased
to peak numbers in the 1980s and 1990s on all three calv-
ing grounds. The Qamanirjuaq herd increased from the
1970s and 1980s until 1994, when 496000 (= 105000 SE)
caribou were estimated (Campbell et al., 2010). A survey in
June 2008 estimated 349 000 (+ 44900 SE) caribou, which
suggested a decline consistent with the declining trend in
late winter calf:cow ratios, adult survival, and an increas-
ing harvest rate (Campbell et al., 2010). The Bathurst herd
peaked in the mid-1980s before declining 93% accord-
ing to five calving ground surveys between 1986 and 2009
(Boulanger et al., 2011; Species at Risk Committee NWT,
2015). Low calf recruitment and a decline in the cow sur-
vival rate in 2000—06 contributed to the Bathurst decline
(Boulanger et al., 2011). Trends for the Ahiak herd are more
uncertain because of irregular survey frequency. Calving

FIG. 1. Calving grounds of the Bathurst, Beverly, Ahiak, and Qamanirjuaq
caribou herds in 2008, adapted from Poole et al., 2014. Survey lines (red) were
flown in June 2008.

ground population or reconnaissance surveys (regularly
spaced transects flown by small fixed-wing aircraft) took
place in 1986, 1996, 2006—09, and 2011 (Gunn et al., 2000,
2013a; Adamczewski et al., 2009; Campbell et al., 2012;
Poole et al., 2014). The 2011 survey (Campbell et al., 2012)
had extended eastern boundaries; in this paper we use the
Ahiak distribution as mapped by Gunn et al. (2013a) and
Poole et al. (2014). Calving cow density on the Ahiak calv-
ing grounds increased between 1986 and 1996 and was
similar in 1996 and 2006 (at 3.1 caribou/km?), but it then
declined rapidly from 2006 to 2009 (Adamczewski et al.,
20009).

During 1994—-2007, the period when neighbouring herds
were declining, there was only a single aerial survey in
2002 to track abundance of the Beverly herd (Johnson and
Mulders, 2009), and no vital rates (pregnancy rates, calf
and adult survival) were monitored. The June 2002 aerial
reconnaissance survey showed densities of 4.0 caribou 1+
year old/km?, which was less than half the density in 1994
(Fig. 2; Johnson and Mulders, 2009). Subsequent aerial sur-
veys in 2007-09 revealed progressively lower numbers of
breeding cows on a reduced fraction of the traditional Bev-
erly calving grounds (Fig. 2; D. Johnson, J. Williams and
A. Kelly, unpubl. data 2007-09; Poole et al., 2014). By
2007, densities had fallen to 0.40 caribou 1+ year old/km?
(Fig. 2; D. Johnson, unpubl. data 2007; Poole et al., 2014),
a decline of 97% from 1994. Aerial coverage surrounding
the 2007 and 2008 aerial reconnaissance of the traditional
Beverly calving ground was extensive to reduce the like-
lihood of missing aggregations of calving caribou (Poole
et al., 2014). By June 2009, a concentrated area of calv-
ing could no longer be defined on the traditional Beverly
calving grounds (J. Williams, pers. comm. 2009) and no
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FIG. 2. (Left) Extent of calving on Beverly traditional calving ground in 2007 and 2008 (traditional calving ground defined by BQCMB, 2004; red outline); the
green area was used in both years and the orange area in just one year. (Right) Decline in densities of caribou at least one year old seen on the Beverly calving
ground (red) and number of adult caribou (green) recorded during reconnaissance surveys in 1994, 2002, 2007, 2008, and 2009.

calving caribou were seen there in June 2011 (Campbell et
al., 2012).

Between 1994 and 2001, only two Beverly cows had
been satellite-collared; these cows calved on the Beverly
traditional calving ground (1995-97 and 2001 -05; GNWT
unpubl. data) and used the annual range defined by Heard
(1983). Subsequently, in response to concerns over the low
densities on the Beverly calving ground in 2002, 67 collars
were fitted to adult cows on the Beverly and Ahiak caribou
winter range, with herd affiliation assigned on the basis of
calving grounds used in June (D. Johnson, unpubl. data
2006—08; Nagy et al., 2011). Eight cows that initially calved
on the Beverly calving grounds switched in one of the fol-
lowing June periods to the coastal Ahiak calving grounds
between 2006 and 2009 (this paper), while 13 were found
only on the Beverly calving ground. This rate of switching
was unusually high compared to the average annual emi-
gration rate of 2%—5% detected between the Beverly and
the neighboring Bathurst and Qamanirjuaq herds from ear-
tag returns in the 1960s, 1970s, and 1980s (Parker, 1972;
Heard, 1983).

The large decline in numbers of caribou on the tradi-
tional Beverly calving ground from 1994 to 2011 has two
alternative explanations. Our purpose in this paper is to
determine which of these two alternatives is best supported
by the available evidence. One explanation is that there was
a true numerical decline in Beverly herd size as death rates
consistently exceeded birth and recruitment rates. The shift
in calving distribution to the Ahiak herd’s calving ground
between 2006 and 2009 was a consequence of the collapse
in calving densities as the remaining Beverly cows switched
to maintain the advantages of gregarious calving (Gunn et
al., 2012). If this explanation is correct, then the Beverly

herd is no longer identifiable as a distinct herd. The alterna-
tive explanation is that range shift was the primary factor
accounting for the decline on the traditional Beverly calv-
ing ground from 1994 to 2009: “However, by 2010, Beverly
females had largely abandoned their ““traditional” calving
ground in favor of one used by the Queen Maude Gulf sub-
population. This shift in use likely began in the mid 1990s”
(Nagy et al., 2011:2343). If this explanation is correct, then
the Beverly herd has continued as a distinct subpopulation
calving in Queen Maud Gulf, and was estimated at 124200
+ 14000 (SE) in 2011 (Campbell et al., 2012).

In our review of the evidence for these two explanations
of the Beverly herd’s fate, we acknowledge the uncertainty
resulting from information gaps and limited sample num-
bers. To index demographic data for this paper, we used the
pregnancy rates and adult cow survival measured through
the satellite-collaring program from 2006 to 2009, as well
as hunter kill data compiled by governments. We indexed
productivity (birth rate and early calf survival) from obser-
vations of calf:cow ratios during aerial surveys at the peak
of calving on the traditional Beverly calving grounds from
2007 to 2009. We compared these indicators to earlier
demographic information from the Beverly herd and to the
decline over the same period in the more closely monitored
Bathurst herd. We also described the summer distribution
and annual movements of Beverly and Ahiak satellite-
collared cows. We used ground-based observations
from the traditional Beverly summer range to determine
whether Beverly summer distribution and relative abun-
dance had changed from the mid-1980s to 2011. We then
considered the implications of the uncertainty about what
happened to the Beverly herd to conservation of barren-
ground caribou.
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METHODS
Pregnancy Rates

The pregnancy rates we used were assessed from proges-
terone levels in blood serum that we collected from cows
captured on the winter ranges in March 2006 (n = 20) and
April 2008 (n = 30) for satellite collaring (B. Elkin and D.
Johnson, ENR unpubl. data). The 17 cows collared in 2007
were not used in this assessment because they were cap-
tured in July after calving had ceased.

Mortality and Switching of Calving Grounds

We investigated the relative rates of “switching” of sat-
ellite-collared cow caribou between the Beverly and Ahiak
calving grounds from 2006 to 2009. We measured individu-
als’ rates of fidelity to each calving ground, and whether a
cow’s presence on either calving ground affected survival
rates in the subsequent year. Herd identity of cows collared
on the winter range was defined by their June locations
in the year of capture or in subsequent years. We applied
multi-strata models (Hestbeck et al., 1991; Brownie et al.,
1993) to estimate rates of movement (also termed “transi-
tion probabilities”) between calving grounds, yearly sur-
vival, and recapture rates using annual records of calving
ground location. Recapture rate was the probability that a
caribou that was collared and alive was observed in the fol-
lowing year. We categorized caribou as Beverly (B), Ahiak
(A), or dead (D) between two calving seasons to accommo-
date the fact that most caribou died on ranges away from
the calving grounds. In this context, the “dead” category
estimates whether a caribou that was on the Beverly or the
Ahiak calving grounds in the previous year was more likely
to have died between calving ground seasons. Non-breeder
cows were included in this analysis to increase sample
sizes and reduce biased survival rate estimates. We added
“non-breeder” as a sequential temporal covariate to assess
whether breeding status affected transitions to the “dead”
state or movement to other calving grounds.

The fit of multi-strata models was evaluated using the
Akaike Information Criterion (AIC) index of model fit. The
model with the lowest AIC, score was considered the most
parsimonious, thus minimizing estimate bias and optimiz-
ing precision (Burnham and Anderson, 1998). The differ-
ences in AIC, values between the most supported model
and other models (AAIC,) were also used to evaluate the fit
of models when their AIC, scores were close. Any model
with a AAIC, score of less than 2 was worthy of consid-
eration. Given the high mortality of Beverly collared cari-
bou, we re-ran our analyses using the most supported initial
model with mortalities censored from the data set to assess
whether mortality rates created bias in movement rates.

Hunter Kill

We used the annual levels of caribou harvested for
the period 2004 to 2007 as compiled by the Beverly and
Qamanirjuaq Caribou Management Board (BQCMB, 2005,
2006, 2007) from the territorial (Northwest Territories and
Nunavut) and provincial (Manitoba and Saskatchewan)
governments for the Beverly and Qamanirjuaq herds. These
governments rely on conservation officer and hunter reports
to summarize data from the caribou harvest, most of which
occurs on the winter range.

Productivity

During aerial reconnaissance surveys over the calving
grounds in June of 2002 and 2007 —09, the observers classi-
fied caribou as cows, calves, yearlings, or bulls on the basis
of body size and whether antlers were light colored and pol-
ished or in velvet (Johnson and Mulders, 2009; Johnson et
al., unpubl. data 2008, A. Kelly, unpubl. data). As an index
to productivity, we calculated the maximum ratio of calves
to cows during the sequential surveys and assumed that it
represented productivity at the peak of calving.

Summer Distribution and Annual Movements

Because spatial fidelity of migratory female caribou
is highest during calving and summer (Schaefer et al.,
2000), we mapped the accumulated collar data from Bev-
erly and Ahiak caribou for June, July, and August before
and after 2006. We also used the collar data to generate
“average” seasonal collar pathways by smoothing the indi-
vidual caribou pathways into splines, following the meth-
ods of Gunn et al. (2013b). We included the 1996—98 and
2001—-05 Beverly and Ahiak collars for comparison with
collared cow locations from 2006 to 2009. Collared cows
were considered Beverly, Ahiak, or “Switched” on the basis
of their locations in June. The term “switched” refers to col-
lared caribou that were on the traditional Beverly calving
grounds at least once in June and then were found on the
Ahiak calving grounds at least once in a subsequent June.

One author (A. Hall) is a wilderness canoeing guide and
biologist who kept a detailed journal about numbers and
distribution of caribou from the same river routes in the
traditional Beverly summer range each year from 1971 to
2014. We mapped his annual observations of caribou from
1984 to 2011 and assessed changes in relative numbers and
distribution of caribou seen during his annual trips.

RESULTS
Pregnancy Rates
Five of seven (71%) Beverly cows (animals that calved on

the Beverly traditional calving grounds) captured in March
2006 were pregnant. In April 2008, 13 of 29 (45%) Beverly
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TABLE 1. AIC, model selection' for multi-strata analysis of calving ground exchange for collared cows from the Beverly and Ahiak

caribou herds, 2006—09.

Survival Movement Model selection
Beverly Ahiak Beverly-Ahiak ~ Ahiak-Beverly AIC, AAIC, W, K Deviance
constant constant constant constant 165.94 0.00 0.293 5 155.3
constant constant breeder constant 167.62 1.68 0.127 6 154.6
trend constant constant constant 167.81 1.87 0.115 6 154.8
breeder constant constant constant 168.13 2.19 0.098 6 155.2
constant breeder constant constant 168.21 2.27 0.094 6 155.2
trend constant trend constant 168.25 2.31 0.092 7 152.9
constant constant trend constant 169.02 3.08 0.063 6 156.0
year constant year constant 169.43 3.48 0.051 9 149.3
constant Trend constant trend 170.16 4.22 0.036 7 154.8
breeder breeder trend constant 170.45 4.51 0.031 7 155.1
year year year year 182.18 16.23 0.000 13 151.6
trend trend trend trend 184.31 18.37 0.000 9 164.1

! Akaike Information Criteria (AIC,), the difference in AIC, values between the ith and most supported model (AAIC,), Akaike weights
(w,), number of parameters (K), and sum of penalties are presented. ‘Constant’ means that the parameter did not vary for any of the
years of the analysis, ‘trend” means that a linear trend was assumed, ‘breeder’ means that breeding status (breeder vs non-breeder)
affected the parameter, and ‘year’ means that the parameter varied from year to year.

and Ahiak cows captured were pregnant (D. Johnson and B.
Elkin, ENR, unpubl. data.).

Mortality and Switching of Calving Grounds

In the multi-strata modeling, since the fate or use of a
calving ground by collared individuals was usually deter-
mined, the recapture rate (which was set to be constant
for all strata) was estimated at 0.95 (SE = 0.023, CI =
0.88—-0.98). Six of 17 Beverly cows collared in July 2007
died within four to six weeks of capture and were not used
in this analysis, as these early mortalities could have been
capture-related. Other caribou mortalities following the
July 2007 collar deployment occurred 6.1, 8.1, 13.4, 19.0,
21.9, and 23.1 months after collaring and were included
in the analysis. The resulting data set had 55 individual
caribou and 136 calving locations that indicated calving
ground membership of individual caribou in successive
years (Table 1). Of the 55 caribou, 13 occurred only on the
Beverly calving grounds, 34 were only on the Ahiak calv-
ing grounds, and eight were on both calving grounds at
least once. One cow had a four-year June calving ground
sequence of Beverly/Ahiak/Beverly/Ahiak.

Model selection for the multi-strata model did not detect
temporal trends in exchange rates between calving grounds
or in mortality, but did reveal asymmetry in the exchanges
(Table 2, Fig. 3). The probability of cows switching from
the Ahiak to the Beverly calving grounds was 0.02, and the
probability of Ahiak cows returning to the Ahiak calving
grounds was 0.78 (Fig. 3). Conversely, the probability of
cows returning to the Beverly calving grounds (0.28) was
similar to the probability they would switch to the Ahiak
calving grounds (0.31). Annual mortality of Ahiak collared
cows averaged 0.21, while mortality of Beverly collared
cows averaged 0.40 (Fig. 3 top panel).

Caribou that were on the Beverly calving grounds were
more likely to die before the next calving season than car-
ibou that moved to the Ahiak calving grounds. We note
that higher mortality of Beverly cows resulted in a data set
dominated by cows with a higher likelihood of moving to
the Ahiak, potentially biasing estimates of movement rate.
To explore this bias, we re-ran the most supported model
in Table 1, but with the “dead state” removed. We also
removed from the analysis any collared cows that had died
after being on the Beverly or Ahiak calving ground in June
but before the next calving season. Estimates of movement
from Beverly to Ahiak increased to 0.53 (CI = 0.29-0.76)
from 0.31 (CI = 0.16—0.51) (Table 2), whereas estimates of
movement from Ahiak to Beverly were unchanged at 0.02
(CI=0.003-0.14).

Hunter Kill

The Beverly and Qamanirjuaq Caribou Management
Board (BQCMB) compiled caribou harvest levels from the
two territories and two provinces primarily from estimates
made by wildlife officers in the four jurisdictions. After
2008—-09, the BQCMB was no longer able to report har-
vests because information was not received reliably from
government agencies and there were difficulties in assign-
ing harvests to subpopulations when the Beverly, Ahiak,
and Qamanirjuaq herds overlapped in winter distribution.
In the winters of 2004—05, 2005—-06, and 2006—07, the
estimated harvest from the Beverly herd was relatively con-
stant at ~4050 caribou, mostly cows (BQCMB, 2005, 2006,
2007). Traditionally, hunters from northern Saskatchewan
and southern Northwest Territories had been the main har-
vesters of the Beverly herd on the winter range (Gordon
1977, 1996, 2005). This harvest likely included caribou
from adjacent herds in some winters, given overlap and
annual variability of winter ranges.
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TABLE 2. Model averaged multi-strata estimates (p), standard errors (SE), confidence limits (CI), and sample sizes (r) for analysis of

Beverly-Ahiak calving ground exchange 2006—09.

Previous stratum!

Ahiak Beverly Other collar events
Current stratum’ n p SE CI n p SE CI First year One year  Total
Ahiak 44 0.78 0.05 0.65-0.86 8 0.31 0.09  0.16-0.51 35 0 87
Beverly 1 0.02 0.02  0.00-0.11 7 0.28 0.09  0.13-0.47 19 1 27
Dead 12 0.21 0.05 0.12-0.33 9 0.40 0.11  0.22-0.62 0 0 21
Total 57 1.00 24 1.00 54 1 135

! Current and previous strata refer to the sequential ordering of movements between strata. Other collar events pertain to caribou that
were in the database but did not directly contribute to the analysis since data were available for only one year. Cells with estimates of

fidelity are in italics.

Productivity

Productivity, as indexed by calf:cow ratios at the peak of
calving on the traditional Beverly calving ground in June,
was 32:100 in 2007, 15:100 in 2008, and 2:100 in 2009 (D.
Johnson, J. Williams and A. Kelly, unpubl. data 2007-09).

Summer Distribution and Annual Movements

The two collared Beverly cows (one in 1995-97 and one
in 2001-05) consistently used the traditional Beverly calv-
ing and summer ranges south of Garry Lakes identified by
Heard (1983), while the 30 Ahiak cows collared between
1996 and 2005 were nearly all farther north between the
coast of Queen Maud Gulf and Garry Lakes (Fig. 4), with
a few locations southwest and south of Bathurst Inlet. The
six cows collared in March 2006 and found on the inland
Beverly calving ground in June that year spent the summer
south of Garry Lakes and within the traditional Beverly
summer range (Fig. 4). The 15 cows collared in March 2006
and found on the Ahiak calving ground in June that year
spent the summer north of Garry Lakes as far as the Queen
Maud Gulf coast. From 2007 to 2009, locations of Beverly,
Ahiak, and Switched collars increasingly overlapped on the
Ahiak range, and the calving and summer ranges of Bev-
erly and Ahiak caribou were no longer distinct.

Prior to 2006, the overall annual movements of the two
Beverly and 30 Ahiak collared caribou showed distinct pat-
terns, with little overlap during any season (Fig. 5). In 2006,
Beverly and Ahiak collared cow movements were still rela-
tively distinct, but from 2007 to 2009 Beverly, Ahiak, and
Switched collared cows showed increasingly convergent
movements.

All of the river sections traveled by A. Hall at least once
from 1984 to 2011 (Fig. 4) overlap areas used by the two
earlier Beverly collared cows in the Thelon watershed dur-
ing summer in 1995-97 and 2001 — 05. Hall’s river trips in
the traditional Beverly summer range from 1984 to 2011
included an extended section of the lower Thelon River
ending at Beverly Lake in 22 of those 28 years (Fig. 6).
River trips also frequently included the upper Thelon River
and the Elk River, which flows into the Thelon. The number

of days on the Thelon River and other regional rivers var-
ied annually, averaging 68.4 days per year, and declined
slightly over time (Fig. 7a). From 1984 to 1996, caribou
were seen an average of 19 days per year with no clear
trend; however, after 1996 sightings declined, reaching
a low of two days per year in the late 2000s. The average
number of caribou seen per day was highly variable, but
dropped by an order of magnitude between 2003 and 2007
(Fig. 7b). From 2006 to 2011, the total number of caribou
seen each year averaged 11.

Hall, who first began observing Beverly caribou in 1971,
noted an overall decline in relative numbers of calves on
the Beverly summer range after 1997. He was used to see-
ing variable numbers of calves at heel with their mothers,
and did not normally record calf:cow ratios. It was in three
years (1998, 2001, and 2003) when he saw exceptionally low
calf:cow ratios that he recorded the following observations.
On 14 July 1998, Hall observed a group of 2000—3000 cari-
bou 30 km from the junction of the Hanbury and Thelon
Rivers and wrote: “99% barren cows—some yearlings and
bulls. We saw only four calves—at least I hope they were
barren cows and hadn’t lost their calves or else it was a dis-
astrous calving season.” In the summer of 2001 on the Bail-
lie River 10 miles from the junction with the Back River,
Hall observed: “20000—-30000 caribou seen on Baillie
River on July 16; mostly cows but only one calf per 30—50
cows.” In the summer of 2003, from a site near the junction
of the Mary Frances River with the Thelon, Hall recorded:
“5000 or more caribou seen on upper Thelon River on
August 2; about 90% cows but virtually no calves - esti-
mated only 1-2% calves.” Hall noted that since 2009-10,
even at traditional Thelon River crossings with records of
Aboriginal hunting dating back thousands of years (Wil-
liams and Gunn, 1982; Gordon, 1996), he had been unable
to find any recent caribou tracks in the river-bank sand.

DISCUSSION

The trend toward reduction then disappearance of calv-
ing caribou on the traditional Beverly calving grounds is
clear from the aerial surveys conducted during 1994, 2002,
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FIG. 3. Multi-state analysis of radio-collared Beverly and Ahiak caribou in 2007-09, showing model-averaged movements between calving grounds and
mortality of caribou (top panel), sample size (bottom left), and trends in survival with variance (bottom right). Red arrows show probabilities of mortality and
blue arrows show probabilities of switching or returning to the same calving ground.

and 200711 (Williams, 1995; Johnson and Mulders, 2009;
Campbell et al., 2012; Poole et al., 2014). There is also lim-
ited evidence from collared caribou for some shift in calv-
ing ranges from the Beverly to the Ahiak calving grounds
between 2006 and 2009. However, monitoring gaps and
limited sample sizes, especially between 1994 and 2006,
add uncertainty to any explanation for these trends. In the
discussion below, we re-visit the evidence that supports the
alternative explanations of decline, range shift, or both in
the Beverly herd after 1994.

The evidence for the earlier stages of the decline
(1994—-2006) is meagre; it includes the reduced density of
caribou on the traditional Beverly calving ground in 2002
and the three years after 1997 when there was evidence
of exceptionally low calf:cow ratios. While there are only
limited data on harvesting, there were concerns about
harvesting by 2001. During the November 2001 BQCMB
meeting, community board members from northern Sas-
katchewan were concerned about the status of the Beverly
herd because the caribou harvest had increased as the herd

became more accessible to southern Saskatchewan resi-
dents (Johnson and Mulders, 2009).

There is more evidence for a steep Beverly decline occur-
ring between 2006 and 2011, as the vital rates were low dur-
ing that time. The pregnancy rate for 29 Beverly and Ahiak
cows in April 2008 was 45%, low compared to 76%—100%
rates measured from a large series of known-age Beverly
cows collected between 1979 and 1987 (Thomas and Barry,
1990a). The March 2006 pregnancy rate (71%) was also
slightly lower than the long-term average, but was based on
only seven cows. The low pregnancy rate in 2008, though
based on a limited sample, is consistent with a later peak
in calving, which suggests that cows were in below-average
condition prior to the rut and during the winter (see Créte
et al., 1993). The peak of calving on the traditional Beverly
calving grounds shifted from 4—9 June in 1988, 1994, and
2002 (Gunn and Sutherland, 1997; Johnson and Mulders,
2009) to 12—15 June in 2007, 2008, and 2009 (D. Johnson,
J. Williams and A. Kelly, unpubl. data 2007 —-09).



414 « J. ADAMCZEWSKI et al.

Beverly n =2

Ahiak n =30
—— Hall river routes
— Beverly herd range

‘ Que

<7 5 7

en Maud Guif3 ** _

Beverlyn =6
Ahiakn =15

Beverlyn =8
Ahiak n = 14

Switched n = 8

Beverlyn=5 | ki | Beverlyn=3
Ahiakn=32 |~ . | Ahiakn=25
Switchedn=8 |§ = . | Switchedn=6 |*

FIG. 4. Calving and summer (June—August) locations of satellite radio-collared Beverly and Ahiak caribou before and after 2006. ‘Switched’ refers to caribou
that calved on the traditional Beverly calving grounds at least once but moved to the Ahiak calving grounds in subsequent years, regardless of whether they
returned. Black lines show river sections traveled by A. Hall during his annual river trips from 1984 to 2011. The Beverly herd range (green outline) is adapted

from Heard (1983).

The mean Beverly calf:cow ratio in June 2007, 2008, and
2009 was 16.3 = 8.7 (SE), which suggests exceptionally low
pregnancy rates, low early calf survival, or both. This low
productivity contrasts with ratios of 60—80 calves per 100
cows observed just after the peak of Beverly calving during
the 1980s and 1990s (Gunn and Sutherland, 1997). In June
2002, Johnson and Mulders (2009) recorded 53 —75 calves
per 100 cows.

The 40% annual mortality of collared cows that had
calved on the traditional Beverly calving grounds was twice
as high as that of Ahiak cows for 2006—09. The survival
rates estimated in 2006—09 are based on a limited sample,
and the age structure of the collared cows was unknown, so
the results should be viewed with caution. Previously, age-
specific Beverly survival rates for females more than three
years old were estimated as 83% from life table analysis
(Thomas and Barry, 1990b) when the herd was considered
stable. Similarly, adult cow survival rates exceeding 80%
were required for stability in the Bathurst (Boulanger et al.,
2011) and George River herds (Créte et al., 1996).

Between 2007 and 2009, fidelity to the Beverly calv-
ing grounds was low (28%) and the probability of Beverly
cows’ switching to the Ahiak calving grounds was rela-
tively high (31%). On the basis of hunter returns of ear-tags
placed on Beverly and Qamanirjuaq caribou in the 1960s

and 1970s, Parker (1972) noted that 6.1% of the Qamanir-
juaq ear-tags were found in the normal range of the Beverly
population and 4.5% of the Beverly ear-tags were found in
the normal range of the Qamanirjuaq herd. Using a more
extensive ear-tag data set, Heard (1983) estimated mean
annual dispersal rates of 1.8% from the Beverly herd and
2.4% from the Qamanirjuaq herd. These results suggest a
high Beverly range fidelity in these decades. Sample sizes
were relatively low, but switching from the Beverly to the
Ahiak calving grounds in 2006—09 appeared to increase
the probability of survival for the cows. The sample of two
satellite-collared cows monitored in 1995—-97 and 2001 —-05
is too small to estimate fidelity over these years; however,
we note that their summer and annual range-use patterns
are consistent with the annual range for this herd defined in
the 1970s and 1980s by Heard (1983).

In 2006, six collared Beverly cows largely maintained
fidelity to the Beverly summer range; the movements for
pre-calving to fall overlapped the movements of the two
earlier Beverly collared caribou (1995-97 and 2001 —-05)
and were within the annual Beverly range defined by Heard
(1983). Seasonal fidelity is highest for calving and summer
ranges in migratory barren-ground caribou (Cameron et al.,
1986; Gunn and Miller, 1986; Schaefer et al., 2000; Nagy
et al., 2011). The average movements (spline analysis) also
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suggest that until 2006, the Beverly and Ahiak movement
patterns had little spatial overlap (Fig. 5).

The declines in caribou group sizes and overall num-
bers seen by A. Hall in summers became strongly evident
after 2004, suggesting reduced use of the traditional Bev-
erly summer range by caribou. On their own, the reduced
numbers of caribou seen by Hall could be evidence of either
range shift or decline, but the timing of the reduction in use
does not support the explanation of a shift beginning in the
mid-1990s.

The demography of the Beverly herd from 2006 to 2011
can be compared to the Bathurst herd’s decline, for which
more data were available. Estimated adult female annual
survival of Bathurst cows declined from 86% in 1985 to
67% in 2009 (Boulanger et al., 2011), compared to 60% in
Beverly cows during 2006—09. The calf:cow ratios on the
Bathurst herd’s calving grounds from 1986 to 2012 aver-
aged 65.7 + 3.8 (SE), much higher than the ratios on the
Beverly traditional calving grounds in 2007, 2008, and
2009 (2—32 calves:100 cows). Demographic modeling of
the Bathurst herd decline showed that low recruitment
and low adult survival could alone account for that herd’s
annual rates of change of up to —23% during 2006—09, with
no evidence of significant emigration (Boulanger et al.,

2011). The accelerating effects of a substantial harvest in
naturally declining herds were demonstrated concurrently
(from 2000 to 2006—09) in the Bathurst (Boulanger et al.,
2011), Cape Bathurst, and Bluenose-West herds (Adamcze-
wski et al., 2009) and may have contributed to a decline in
the Beverly herd. However, the evidence for collar move-
ment between the Beverly and Ahiak calving distributions
between 2006 and 2009 indicates that decline alone does
not account for the disappearance of calving caribou from
the inland Beverly calving ground by 2011.

While the evidence is clear that between 2006 and 2009
there was only a 28% fidelity of Beverly cows to their tra-
ditional calving ground and a 31% probability that collared
Beverly cows switched to calving on the Ahiak herd’s calv-
ing grounds, we found no evidence for a shift of Beverly
caribou to the Ahiak range prior to 2007. The 2006 calv-
ing locations of the six satellite-collared Beverly cows were
within the traditional calving grounds, and their placement
was similar to the mapped distribution in 2002 and all but
two years from 1978 to 1994 (Gunn and Sutherland, 1997).
For the other two years (1984 and 1987), the extension of
calving was within 10—20 km of the delineated traditional
calving ground (Gunn et al., 2007; Johnson and Mulders,
20009).
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FIG. 6. River routes and caribou observations by Alex Hall in periods of four or five years during 1984—-2011. Coloured lines show each year’s river trips, and
circles of the same colour show the sizes of the caribou groups seen on each trip. Coloured squares show caribou groups seen from the air.

Rates of exchange between the Beverly and neighbour-  in 1996—2009 estimated from satellite-collared cow loca-
ing herds were estimated earlier at 1.9%—-2.4% (Heard,  tions (Adamczewski et al., 2009) and average exchange
1983), a rate similar to average exchange rates of 3% for  rates of 3.6% among satellite-collared cows from the Tuk-
the Bathurst herd with the Ahiak and Bluenose-East herds  toyaktuk Peninsula, Cape Bathurst, Bluenose-West, and
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Bluenose-East herds in 2005—13 (Davison et al., 2014). We
suggest that the much higher exchange rates observed for
collared Beverly cows in 2006—09 were likely an exception
to the normally high fidelity documented previously in this
herd and in other regional herds.

Earlier studies of the Beverly herd into the 1990s show
a longstanding consistent use of calving grounds (Gunn
and Sutherland, 1997), traditional water crossings (Gordon,
1996, 2005), and seasonal ranges (Heard, 1983; Thomas et
al., 1998). Calving by Beverly cows to the south of Beverly
Lake on their migration north was known for this herd in
years of late spring and late snowmelt (Fleck and Gunn,
1982; Gordon, 2005) and likely occurred in 1993. Calving
south of traditionally used calving grounds in years of late
snowmelt and spring has also been observed in the Porcu-
pine and Western Arctic herds (Alaska Department of Fish
and Game, 2011).

The number of Beverly caribou that shifted calving
grounds between 2007 and 2009 is difficult to estimate
given the limited data from collars and surveys. By 2007,
abundance of breeding females was already low (hundreds)
on the traditional Beverly calving ground; on the Ahiak
calving grounds, densities of caribou were much higher but
declined 60% between 2006 and 2009 (Adamczewski et al.,
2009), making a large-scale influx of Beverly caribou to the
Queen Maud Gulf coast unlikely at that time. An extreme
numerical decline in the Beverly herd could have resulted
in a shift in use of calving grounds so that the few remain-
ing Beverly cows calved among the more abundant Ahiak

cows on the coastal Queen Maud Gulf calving grounds
and adopted the Ahiak herd’s seasonal ranges. As a result
of the spatial shift by Beverly cows and concurrent use of
the coastal calving grounds by both herds, the Beverly herd
was no longer identifiable as a distinct herd.

The alternative explanation for the decline and disap-
pearance in caribou on the inland Beverly calving ground
is that this trend is primarily accounted for by a distribu-
tional shift by Beverly cows to the calving distribution in
Queen Maud Gulf that is also used by the Queen Maud
Gulf (Ahiak) subpopulation (Nagy et al., 2011). The Bev-
erly shift likely began in the mid-1990s (Nagy et al., 2011).
Under this explanation, the Beverly herd remains an iden-
tifiable subpopulation calving in Queen Maud Gulf, along
with a Queen Maud Gulf subpopulation that shares a calv-
ing ground with the Beverly herd. Nagy et al. (2011) identi-
fied three patterns of calving ground use among the collared
caribou using this area: E-1 coastal, F traditional, and F to
E-1 traditional to coastal. A June 2011 survey by Campbell
et al. (2012) provided estimates of 124200 + 14000 adults in
the Beverly subpopulation and 71 340 + 3880 in the Ahiak
(Queen Maud Gulf) subpopulation. These numbers indicate
a decline from previous estimates for these caribou, regard-
less of whether they are assumed to be Ahiak, Beverly, or
Ahiak+Beverly (Campbell et al., 2012).

Our analysis of the same collared caribou using the Bev-
erly (traditional) and Ahiak (coastal) calving grounds con-
curs on the shift of a number of Beverly cows to the north
during 2006—09 and on the convergence of movements of
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Switched (traditional-to-coastal) cows with those of Ahiak
(coastal) cows after 2007. We acknowledge that the moni-
toring gaps hamper determining definitively when Beverly
caribou first began to switch fidelity away from their tradi-
tional calving grounds. However, we found no support for a
shift in calving and other ranges of Beverly caribou prior to
2006, and the evidence for two subpopulations sharing the
Queen Maud Gulf calving distribution (Nagy et al., 2011)
was weak (Gunn et al., 2013a). Nagy et al. (2011) did not
give a reason for a Beverly range shift but suggested that
the Beverly shift to calving on the coast was similar to that
of the Bathurst herd during the 1980s and 1990s because
the distances were similar. However, the Bathurst calving
shift was a progressive, directional shift from 1984 to 1996,
with variable levels of overlap between consecutive calv-
ing distributions and no evidence for simultaneous use of
two well-separated calving grounds (Gunn et al., 2012). If
the Beverly cows started to shift to the coast in the mid-
1990s (Nagy et al., 2011) to join Queen Maud Gulf or
Ahiak caribou, then they also continued to calve approxi-
mately 250km to the south on the traditional inland calv-
ing grounds in at least 2002 and between 2006 and 2009
(Johnson and Mulders, 2009; Campbell et al., 2012). We are
unaware of any examples of a herd maintaining two geo-
graphically separate calving grounds 250 km apart over a
15-year period.

Overall, we suggest that the evidence gives strong-
est support to a steep decline in the Beverly herd followed
by a shift of the remnant herd to calving in the coastal
areas along Queen Maud Gulf, which were being used by
a numerically more abundant Ahiak herd. Productivity
and cow survival in the Beverly herd were exceptionally
low between 2007 and 2009, and both the rate of decline
from 2002 to 2007 and demographic indicators paralleled
declines in five regional herds from Inuvik to Queen Maud
Gulf during this period (Adamczewski et al., 2009). In the
Cape Bathurst, Bluenose-West, and Bathurst herds, surveys
either in late winter or on the calving grounds suggested
a period of widespread adverse environmental conditions
between 2000 and 2006, possibly weather and range medi-
ated, signaled by late calving, low calf productivity, and a
declining natural trend (Adamczewski et al., 2009). The
limited Beverly data suggest a similar and possibly more
severe effect over the same period. Earlier estimates of
Beverly cow fidelity to annual ranges were 94% —98% from
the 1960s to the 1980s, similar to rates documented from
collars in several other regional herds. The 28% calving
ground fidelity in collared Beverly cows and 31% probabil-
ity of movement to the Ahiak calving ground between 2006
and 2009 may represent the low number of cows remain-
ing on the Beverly traditional calving ground, but they are
unlikely to be typical of a healthy Beverly herd at more sub-
stantial numbers.

A plausible mechanism consistent with the extremely
low caribou densities on the Beverly calving grounds and
low adult survival and productivity from 2007 to 2009 is a
collapse in gregarious calving, which resulted in the greatly

reduced numbers of Beverly cows joining much larger num-
bers of cows from the Ahiak herd and migrating 250 km
farther north to maintain the advantages of gregarious calv-
ing and enhance predator avoidance (Gunn et al., 2012).
Information on predation rates is limited, although preda-
tor sightings on the traditional calving grounds were high.
During Beverly calving reconnaissance surveys in June
2007, four grizzly bears (Ursus arctos) and seven wolves
were seen per 100 flying hours; comparable numbers for the
June 2008 survey were eight bears and 18 wolves (Poole et
al., 2014).

The only comparable information is from 1994 when
Williams (1995) recorded 54 wolves and 11 grizzly bears
per 100 flying hours. It is likely that the June 2007-09
calf:cow ratios on the Beverly calving ground were related
partly to low pregnancy rates, but also to low early calf
survival, which may have decreased from 2007 to 2009. A
shift in calving ground fidelity at very low numbers would
be consistent with cows’ reducing predation risk during
calving (Bergerud at al., 2008).

Conservation Implications

Here we have examined available data to interpret the
underlying demographic processes that likely resulted in a
steep decline of the Beverly herd, which we believe led to a
loss in calving ground fidelity and a subsequent shift by the
remaining breeding females to calving grounds ~250 km
north in the coastal lowlands of Queen Maud Gulf. Despite
the limited data and monitoring gaps, our interpretation is
plausible and has several implications for wildlife conserva-
tion and management.

First, Aboriginal people and caribou have shared the
annual range of the Beverly herd for about 8000 years
(Gordon, 1977, 1996, 2005). The Beverly herd may have
been one of the main herds with a “center of habitation”
(Skoog, 1968; Bergerud et al., 2008) that persisted on the
landscape for extended periods. The herd’s disappearance
from traditional ranges may be an exceptional event.

Second, loss of a subpopulation is considered a trou-
bling signal for conservation. It has rarely been docu-
mented among barren-ground caribou in recent times. In
Alaska, two larger and increasing herds of mountain cari-
bou (Delta and Mulchatna) expanded their calving ranges
and overlapped the nearby (< 25 km) calving distribution
of smaller and declining herds (Yanert and Kilbuck) in
the late 1980s and early 1990s, apparently absorbing the
smaller herds (Valkenburg and Davis, 1986; Hinkes et al.,
2005). Over a longer time span of 150 years leading up to
the 1960s, Skoog (1968) concluded from historic evidence
that small herds in Alaska shifted ranges and at times dis-
appeared from formerly occupied ranges, while main sub-
populations at the “center of habitation” usually persisted
over long periods through times of caribou scarcity.

Third, assessing the Beverly herd’s likely fate by eval-
uating alternative explanations with all available data
is a reminder that a false conclusion, i.e., concluding a



substantial numerical decline in caribou abundance did
not occur when in reality it did, is the more serious error
because it may result in long-term harm to the resource.
The alternative error is concluding that a numerical decline
had occurred, when in reality the herd was numerically sta-
ble or had undergone a widespread change in distribution,
or both; this error could result in imposing unnecessary
conservation actions and harvest restrictions on hunters and
resource users. If our assessment is correct, then a caribou
herd estimated at 276000 in 1994 declined to low num-
bers, abandoned its traditional ranges, and disappeared as
a discrete herd within about 16 years. Gaps in monitoring
and uncertainty over the herd’s fate made timely manage-
ment for recovery more difficult. In retrospect, continued
monitoring after 1994 and enhanced monitoring after 2002
might have detected the decline sooner and allowed more
timely actions to address the decline and foster recovery.

Finally, we should consider the possibility that calv-
ing caribou will return to the traditional Beverly calving
grounds south of Garry Lakes. The three migratory cari-
bou herds (Bathurst, Leaf River, and George River; Gunn
et al., 2012; Taillon et al., 2012) that shifted calving grounds
at peak densities moved to areas that had been unoccu-
pied for decades but had a historical record of previous
use (Bergerud et al., 2008; Gunn et al., 2012). As recom-
mended by the Beverly and Qamanirjuaq Caribou Manage-
ment Board (2004), the Beverly traditional calving grounds
should still be protected from habitat loss through indus-
trial development in case gregarious caribou calving should
also reappear there.
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