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2024 Sahtì Ekwǫ̀ Management Proceeding 

Tłı̨chǫ Government and GNWT Environment & Climate Change Responses to Information Requests 
from the Wekʼèezhìı Renewable Resources Board 

2024-10-07 

 
Information Request #1: Trends in Adult Male Sex Ratio 

i) Please provide information including possible sampling error to explain the abrupt and persistent 
jump of 35 bulls:100 cows to 62:100 cows between 2019 to 2020 from fall composition counts 
(Joint TG GNWT 2024 proposal; Figure 5). In particular, provide any evidence to support the 
assumption that the sex and age classes are well mixed during the rut. Is GNWT aware of any 
other examples of changes in adult sex ratio in other herds especially in herds recovering after a 
decline? 
 
Response: 
 
The increase in the Bluenose-East bull-cow ratio was demographically supported by the 
integrated population model (IPM) analysis in Boulanger et al. (2024). Namely, increases in 
collar-based bull survival occurred starting in 2016 which would have increased the bull 
population (Figure 1). This combined with increased productivity (higher calf survival, fecundity 
and calf-cow ratios) resulted in an increase of the IPM bull:cow ratio that was still below field 
measurements for 2020, 2021, and 2022, but did match the 2023 field estimate that was used for 
extrapolation. Therefore, we are confident that the observed increase in field estimates of the fall 
bull:cow ratio are representative because the trend can be explained by multiple data sources and 
indicators that covary with bull:cow ratio. 
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Figure 1. Fit of the IPM results to composition and survey field data from the Bluenose-East 
herd 2007-2023 (Figure 35 from Boulanger et al. 2024). Blue lines are the IPM estimates with 
hashed blue lines as confidence limits. Red dots are field estimates with confidence limits 
indicated by red lines.  
 
In a survey report on fall 2020 composition surveys of the Bluenose-East and Bathurst herds 
(Adamczewski et al. 2022a, submitted to WRRB in support of this response), increased bull:cow 
ratios that year for both herds were assessed. Survey timing that year targeted the days before 
and after October 19 as the peak of rut on the basis that the peak of calving was about a week 
into June (consistent with recent calving ground survey outcomes) and caribou cows have a 
gestation length of 230 days. The report describes observations of large rutting groups 
numbering hundreds or thousands, multiple observations of bulls fighting, and many 
observations of bulls closely following cows, providing evidence that sex and ages classes were 
well mixed. Compared to 2020, the fall 2019 composition surveys were flown slightly later from 
November 3-6, and there is the potential that the rutting groups could have started to break down 
with the large bulls beginning to segregate for the winter. We also note that bull:cow ratios can 
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vary spatially within a herd’s range; in the fall 2020 Bluenose-East survey, northern, central and 
southern areas had ratios of 52.3, 84.5 and 122.6 bulls: 100 cows, although the latter two areas 
had limited sample sizes.  
 
Given that survey timing and coverage can influence sex and age ratio estimates, concerted 
efforts have been made in all recent fall surveys to target a high proportion of collared Bluenose-
East caribou to obtain a herd-wide representative sample and to target a period around October 
19 as likely near the peak of the rut when age and sex classes are well mixed. Reports on these 
surveys have included details on timing of the survey, behavioural observations of rutting 
caribou, and regional variation in calf:cow and bull:cow ratios. 
 
GNWT is aware of examples of changes in adult sex ratio in other herds. In the same report on 
fall 2020 Bluenose-East and Bathurst composition surveys (Adamczewski et al. 2022a), fall 
composition surveys of the Western Arctic Herd in Alaska were described, and we include an 
extract of that discussion here: 
 
A comparison with bull:cow ratios in the Western Arctic Herd, Alaska: 
 
The challenges of obtaining a bull:cow ratio fully representative of a migratory caribou herd 
numbering many thousands are not unique to surveys of the Bathurst and Bluenose-East herds. 
The following paragraph from Dau (2015) summarizes some of the challenges encountered in 
fall surveys of the Western Arctic Herd (WAH) in Alaska. 
 
“Sexual segregation and our inability to sample the entire population during fall probably 
account for more annual variability in the estimated bull:cow ratio than actual changes in 
population composition. The low value of 38 bulls: 100 cows in 2001 was probably a result of 
spatial segregation and incomplete sampling of the entire herd rather than an actual short-term 
drop in the proportion of bulls in the population. Because of this measurement error, the 
bull:cow ratio reported here should be viewed with caution. We think these data probably reflect 
trends in bull:cow ratios reasonably accurately; however, the actual values could be higher or 
lower.”  
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Figure 12. Fall bull:cow ratios, Western Arctic caribou herd, 1976-2014. No trend line shown 
for 1970-1982 because yearly survey methods varied. (Originally Figure 27 in Dau 2015; figure 
caption as presented in that report). 
 
The graph above is from Dau (2015) and shows bull:cow ratios in the WAH from the 1970s to 
2014 (Figure 12). This herd was increasing in the 1980s and early 1990s, at high numbers of 
over 400,000 1993-2003, and has had a declining trend since about 2003. The overall range in 
bull:cow ratios in this herd has varied between 1991 and 2015 from a high of more than 60:100 
in 1991, when the herd was still increasing, to a low of 38-40:100 in 2001 and 2014. The overall 
range in sex ratios is similar to the range reported for the Bathurst and Bluenose-East herds 
2006-2020, although somewhat lower ratios were recorded for the Bathurst herd 2006-2008 
during a period of rapid decline. 
  
Overall, the range in bull:cow ratios observed for the Western Arctic Herd is similar to the range 
in the Bluenose-East herd, with higher ratios in an increasing herd and lower ratios in a declining 
herd. Dau’s assessment of the challenges of estimating a representative herd-wide sex ratio are 
likely valid for the Bluenose-East herd, and the challenges include timing of the surveys and 
regional variation. Given these challenges, using an average from two or more years of fall 
survey results for extrapolation to herd estimates, as was done for the Bluenose-East 2023 herd 
estimate (Boulanger et al. 2024), is advisable.  
 

ii) Please provide information on any collar movements in 2019 and 2020 that would support an 
unexpected immigration of bulls or emigration of cows to explain the abruptness of the change in 
sex ratio. Boulanger et al. (2024) refer to further analyses to use modeling to assess if and how 
bull fidelity may have affected bull:cow ratios. When will the analyses be available? 
 
Response: Review of collared cow movements between the Bluenose-East herd and its 
neighbours the Bathurst and Bluenose-West herds from 2016-2023 showed no sign of significant 
emigration or immigration beyond the 1-3% movement of satellite-collared cows observed in 
multiple studies of NWT barren-ground caribou herds (described in Boulanger et al. 2024, p. 59-
63). As noted in the report, the degree of mixing between the Bluenose-East, Bathurst and 
Beverly herds in winter has increased since 2018 and in winter 2023 collar locations of 
Qamanirjuaq, Wager Bay, Lorillard and Ahiak caribou (Government of Nunavut data; p. 63 in 
the survey report) revealed mixing of portions of each of these herds with Bathurst, Bluenose-
East and Beverly herds, increasing the potential for movement among multiple herds. However, 
despite the increased mixing, there was no evidence of unusual collar movements that would 
suggest an unusually large immigration or emigration of cows to or from the Bluenose-East herd 
between 2019 and 2023.  
 
A power analysis to detect emigration or immigration based on satellite collars (beginning p. 63 
in Boulanger et al. 2024) suggested that recent cow collar numbers have been adequate to detect 
large exchanges of cows among herds should they have occurred. More specifically, the power 
analysis indicated that “emigration events of approximately 5%, 7%, and 9% could be detected 
for the Bluenose-East, Beverly, and Bathurst herds based on the number of known collars in each 
herd” (Figure 2 below). Another way of considering these results was that “up to approximately 
4,200 adult females could have emigrated from the Beverly before power reached the 0.8 
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threshold. In contrast, approximately 350 and 1100 Bathurst and Bluenose-East adult females 
could emigrate before power reached the 0.8 threshold.” An equivalent power analysis has not 
been carried out for male caribou for which there are lower numbers of collared individuals 
compared to females. 
 

 
Figure 2.  Power to detect emigration events as a function of emigration rate and collar sample 
size in the Bathurst, Beverly and Bluenose-East caribou herds given current herd sizes and collar 
numbers (Appendix 4 Figure 3 from Boulanger et al. 2024). 
 
Data from collared cows and bulls will continue to be monitored by GNWT-ECC on an ongoing 
basis and any significant irregularities in movement, including those related to bull and cow 
fidelity, will be communicated to wildlife co-management partners.  
 

iii) Please provide information such as a graph to illustrate how the sex ratio varying from 35 
bulls:100 cows to 62:100 cows impact the estimate of herd size? 
 
Response: As approximated in WRRB’s Rationale for IR#1, a sex ratio of 35 bulls:100 cows 
would result in a 2023 herd size estimate of 33,029 caribou whereas a ratio of 62 bulls:100 cows 
results in a 2023 herd size estimate of 39,635 caribou, a difference of 6,606 caribou.  
 

iv) Are there implications of the 2019-2020 abrupt change for future monitoring fall composition 
including sampling design and analyses? 
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Response: As described more fully in the response to IR#1(i), recent fall surveys of the 
Bluenose-East herd together with results from fall surveys of the Western Arctic Herd, have 
underscored the importance of timing fall surveys near the peak of the rut, the need to sample the 
herd’s full distribution to the extent possible, and the value of behavioural observations of rutting 
behaviour and the presence of large rutting aggregations with all sex and age classes mixed. 
Recent reports on fall composition surveys of the Bluenose-East herd have included details on 
these subjects (Adamczewski et al. 2022a,b; 2024a,b,c). In addition, given the challenges noted 
by J. Dau in the Western Arctic Herd, using the average sex ratio from 2-3 fall surveys to 
extrapolate herd size estimates from calving ground survey results (as was done for the 
Bluenose-East herd in 2023) is preferable to using results from one year. 

Parties Responsible: Environment & Climate Change, GNWT 
 
Rationale for IR #1: It will be useful to the Board as background for management decisions to 
have more information on the sudden change in the adult sex ratio as the ratio is used to 
extrapolate calving ground estimates to herd size and herd size is used to estimate harvest 
sustainability. The fit between the IPM model projections and field measurements switched 
between 2019 and 2020 from an under fit to an over-fit of the field measurements when the field 
measured ratio abruptly increased (Boulanger et al. 2024; Figure 44). 
 
The concern about an unexplained jump in the adult sex ratio is whether it could be reversed or 
amplified and consequent implications for extrapolating herd size. The relationship between herd 
size and the bull:cow ratio will impact the sustainability of the proposed harvesting – for 
example, the difference between 38 bulls:100 cows and 68 bulls:100 cows can be estimated as 
adding or subtracting about 6,000 caribou in the extrapolation of the 2023 estimated breeding 
cows to herd size. This is a consideration in assessing sustainability of the proposed harvest.  
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Information Request #2: Trends in Adult Cow Survival 

Preamble to response: The Rationale for IR#2 states that “The Joint TG GNWT 2024 proposal 
suggests that survival rates based on collared caribou may be underestimated because of the 
impact of the capture and wearing a collar.” While the joint proposal does state that the estimated 
average cow survival rate of 83% is “consistent with a stable [herd] trend” and that a cow 
survival rate of approximately 90% is expected for an increasing herd, GNWT-ECC and TG 
wish to clarify that the proposal did not state that “the impact of the capture and wearing a 
collar” was the reason for this possible underestimate.  
 

i) Please describe field evidence for if and how collared Sahtì Ekwǫ̀ cows have a lower survival 
rate than caribou without a collar. For example, does annual variability for caribou capture 
(deeper snow, average chase, and handling time), duration of collar life, size and weight of 
collars contribute to any bias. Please include a comparison with reports of collars impacting cow 
survival (see citations in the report for the Advisory Committee for Cooperation on Wildlife 
Management (ACCWM 2022). 
 
Response: GNWT-ECC is familiar with the review of collar impacts undertaken by the 
ACCWM (ACCWM 2022) and acknowledges the potential for impacts of capture and collaring 
on caribou survival. However, GNWT-ECC has no direct field evidence for collared Sahtì Ekwǫ̀ 
cows having a lower survival rate than caribou without a collar. Caribou capture and collaring 
projects in the NWT are subject to annual review and approval by the Wildlife Care Committee 
and follow a Standard Operating Procedure for the Capture, Handling, and Release of Caribou 
that includes limits on chase and handling times, temperature cut-offs, and recommendations to 
conduct capture in deep, soft snow. The size and weight of collars (currently about 700g) and, in 
turn, duration of collar life is also minimized to reduce potential impacts of carrying a collar on 
caribou condition or survival.  
 
Recent research supported by GNWT-ECC assessed capture data on Bathurst and Bluenose-East 
collared caribou in relation to survival and movement (Chapter 4 in Giroux-Bougard 2024, 
submitted to WRRB in support of this response). The following extract is from the abstract of 
Chapter 4: “Males and females from each herd exhibited, respectively, faster and slower 
movement rates over a period of 3-4 days post-capture before returning to baseline behaviours 
estimated from previously collared individuals. In the subset of 137 females from which blood 
was sampled, survival outcomes were mediated by the combined effects of the total duration of 
capture and handling and the individual-specific stress response as estimated by cortisol 
concentrations in blood serum. We also found evidence that blood indicators related to 
musculoskeletal stress (e.g., acetate aminotransferase) experienced prior to capture might be 
related to survival outcomes. Our study confirms that current capture guidelines are adequate for 
reducing short-term effects on movement behaviours and capture related risks in barren-ground 
caribou and provides statistical strategies to overcome limitations imposed by single-capture 
study designs, especially in remote regions.” GNWT will continue to promote best practices, 
including limiting chase and handling times in caribou captures and continuing to use relatively 
light collars.  
 
Lastly, while not directly related to Sahtì Ekwǫ̀, GNWT-ECC also runs a boreal caribou 
collaring program that follows the same methods as used for barren-ground caribou collaring. 

https://www.gov.nt.ca/ecc/en/services/apply-research-observe-and-handle-wildlife-nwt/wildlife-care-committee
https://www.gov.nt.ca/ecc/sites/ecc/files/resources/caribou_care_sop.pdf
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Results of boreal caribou collaring have found that cow survival regularly exceeds 90% (SARC 
2022, pgs. 176-178), providing evidence that capture and collaring itself does not limit cow 
survival to less than 90%.  
 

ii) Please assess if and how the reduced survival of collared cows could result from sampling errors 
during capture such as a disproportionate selection of older age classes relative to the herd’s age 
structure. 
 
Response: If there is a disproportionally high selection of older age classes for collaring, then 
this could bias collar-based survival estimates higher or lower than the true average herd survival 
depending on whether survival of the collared age classes is representative of the herd as a 
whole. GNWT-ECC strives to select a representative sample of individuals varying in age for 
capture and collaring. However, to minimize potential impacts to caribou, collars are not placed 
on calves, yearlings, cows less than 3 years old, and bulls less than 5 years old, and are 
programmed to fall off after 2-3 years, thereby limiting the ability to develop estimates of age-
specific survival rates. 
 

iii) Please provide information on monitoring survival specifically to test for an impact of collaring 
and collars and how to mitigate it given that the Joint TG GNWT 2024 proposal recommends 
continuing to maintain the annual number of collars at 70 male and female collars. Please 
consider how to apply the survival rates in herd management if the survival rates are biased by 
the collars. 
 
Response:  
 
GNWT-ECC will continue to monitor and report on cow survival and other herd demographic 
rates as part of its regular monitoring of Bluenose-East and other barren-ground caribou herds. In 
the event of a concerning or downward trend in one or more herd indicators, including collar-
based survival, GNWT-ECC will evaluate potential contributing factors to those trends, 
including the potential contributions of the monitoring methods themselves to the trend. If the 
monitoring methods are found to be of concern, then options and modifications for reducing or 
eliminating those impacts would be explored.  
 
Regarding bias in demographic rates and their application to herd management, we first point out 
that herd management should be based on the best available information for multiple indicators 
to the extent possible. Indeed, the Taking Care of Caribou management plan that includes the 
Bluenose-East herd is built around assessing herd status (and potentially changes to 
management) on a combination of scientific and community-based factors and indicators, not 
one single indicator or information source. Second, issues surrounding collar-based caribou 
survival rates, and particularly the very low collar numbers on the Bathurst herd in the early 
years of the satellite collar program (initially ≤ 10, later 20), were one reason for the 
development and continued evolution of an integrated population model (IPM) for the Bathurst 
and Bluenose-East herds. IPMs incorporate data on multiple indicators and as shown in the 2023 
Bluenose-East calving survey report, can estimate cow survival solely from the other data 
sources available. This allows a cross-checking of collar-based survival rates with model 
estimates incorporating information from multiple data sources. This approach is exemplified in 
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Figure 45 of Boulanger et al. 2024 where survival rates were generated across a range of 
scenarios and combinations of data sources. The integrated modeling approach partially offsets 
challenges of relying too heavily on a single indicator, such as collared cow survival rates, in 
assessing herd status and trend and resultant management actions.  

Parties Responsible: Environment & Climate Change, GNWT 
 
Rationale for IR #2: The Joint TG GNWT 2024 proposal suggests that survival rates based on 
collared caribou may be underestimated because of the impact of the capture and wearing a 
collar. The Joint TG GNWT 2024 proposal advanced the suggestion about the reduced collar 
survival rates because the 2020-2022 measured rates are consistent with a stable trend in herd 
size while the estimated herd size from the calving ground surveys 2018-2015 is an increasing 
trend. The proposal states (p.4), 
 
Annual estimates of Bluenose-East collar-based cow survival for 2020 (83%), 2021 (85%) and 
2022 (81%) averaged 83%, consistent with a stable trend (Figure 2). In an increasing herd, cow 
survival is expected to be in the 90% range (Crête et al. 1996). Studies of Alaskan migratory 
caribou suggest that collar-based cow survival can sometimes underestimate true survival 
(Haskell and Ballard 2007). 
 
The impact of collars has been a long-term concern and the ACCWM undertook a review. The 
ACCWM (2022) review cited Rasiulis et al. (2024) who used field data to report lower survival 
for caribou fitted with an earlier (heavier) type of satellite collar (1.63 kg; 68% survival) 
compared to a cows fitted with a radio collar (514 g; 86% survival) during a decline in herd size. 
Two modeling papers examined collar-based survival rates for the Western Arctic caribou herd. 
Haskell and Ballard (2007: Table 2) reported substantially adjusted field estimates for survival 
(from 78% to 90% for 3–13-year-old cows) to fit their modelled trend in herd size and did not 
have field or direct evidence of collared females having reduced survival. Using a different 
modelling approach, Pritchard et al. (2012) revealed that the duration of being collared impacted 
survival as collared individuals became less representative of a herd’s age structure. But the 
applicability of this modeling to the Sahtì Ekwǫ̀ is less useful as collar duration is relatively brief 
and in any case the difference between modelled and field survival rates was relatively minor at 
3-4%.  
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Information Request #3: Measuring Herd Recovery and Risk of Type II Error 

 
i) Please undertake a power analysis to describe the sensitivity of the proposed 2025 calving 

ground survey to measure “the true rate of herd increase” (Joint TG GNWT 2024 proposal p. 8). 
 
Response:  
 
GNWT-ECC acknowledges the uncertainty in the rate of increase of the Bluenose-East herd but 
this uncertainty is unlikely to be resolved by a power analysis in this instance. Despite some 
uncertainty in the rate of herd increase from 2018-2023, GNWT-ECC is confident that the herd 
is increasing, as noted in the following points from the 2023 calving ground survey report 
discussion: 
 

1. The herd is clearly increasing, with some uncertainty as to the true rate of increase. 
Statistically, assessing trend in the herd is more robust based on three estimates rather 
than two, thus the rate of increase based on the 2018-2023 period of 11-12%/year is the 
more appropriate rate of increase to use [compared to the 32% annual rate of increase 
from the 2021-2023 estimates]. If only the estimates of cows from the photo blocks in 
2018, 2021 and 2023 are considered, then an annual rate of increase of 6% is suggested 
(p. 88 in Boulanger et al. 2024). Both of these rates of increase are more within the range 
known for migratory caribou herds and more readily reconciled with demographic 
indicators in the herd. 

2. The 2023 calving ground survey had very good conditions and a low variance on the 
estimates of breeding females and adult females. We included a summary of trends from 
the Tłı̨chǫ Ekwǫ̀ Nàxoèdee K’è program for the Bluenose-East herd for the last 3 years, 
which included seeing high proportions of calves, yearlings and young bulls and young 
cows, as well as very good condition in all age classes.  

 
GNWT-ECC and TG appreciate the Board’s precaution around the proposed increases in harvest 
in the early stages of herd recovery and offer the following to support the Board’s decision. First, 
the harvest rates of 3.2-4% and 2% outlined in the Board’s Rationale for IR #3 are both within 
the sustainable limits for an increasing herd, even if the rate of increase is 5% per year and less 
than 11-12% per year (Figure 3). Second, a calving ground photo survey of the Bluenose-East 
herd is planned for 2025 and results of that survey, in addition to further monitoring by TG’s 
Ekwǫ̀ Nàxoèdee K’è program and further demographic monitoring by GNWT-ECC, will provide 
further indicators of herd size, trend, and health prior to submission of the next joint management 
proposal for the Bluenose-East herd.  
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Figure 3. Harvest modeling projections of Bluenose-East herd size in 2026 with 3 underlying 
population trends, harvest levels of 2% (top) and 4% (bottom) of the 2023 herd estimate 
(Appendix 5, Figure 7 from Boulanger et al. 2024). Sex ratio of the harvest was 0% bulls (all 
cows) on the left and 100% bulls (no cows) on the right. Starting herd size was 39,525 in all 
cases. Projected herd size in 2026 is shown in purple, rounded to nearest 100.  
 
 

ii) Please describe contingencies to assess the trend in Sahtì Ekwǫ̀ estimated herd size if the 2025 
calving ground survey is incomplete, has low precision or increased bias due to late spring 
snowmelt or other weather conditions. 
 
Response: 
 
Every calving ground photo survey, like other wildlife surveys, may run into challenges due to 
weather, aircraft issues, or other challenges. The field crew cannot anticipate all possible 
conditions they may encounter. GNWT-ECC will ensure that the field crew is experienced and is 
in the best position to make sound decisions about the survey operation. Contingencies that may 
arise may include the following: 
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1. If it appears that the survey cannot generate a valid population estimate, it may be called 
off and attempted again a year later. GNWT-ECC has flown several post-calving surveys, 
including attempted surveys of the Bluenose-East herd in 2009 and 2012, that were called 
off when it became clear that a valid herd estimate could not result from the survey. 

2. A statistician (J. Boulanger) will participate throughout the survey and will be able to 
generate estimates of variance for various stages of the survey. Boulanger has several 
programs for optimal allocation of survey resources (e.g., adequate coverage, numbers of 
survey lines per stratum) to improve precision. In general, calving ground survey 
estimates of females and herd size for the Bluenose-East herd have had good precision 
because the Bluenose-East calving ground has a relatively wide distribution of caribou in 
many small groups (as opposed to a more clumped distribution of a few larger groups 
within a small area). 

3. GNWT-ECC’s experience has been that caribou counted on aerial calving ground photos 
can be found reliably even with poor snow cover conditions. In both 2018 and 2021, the 
survey areas included in the photo blocks were increased on the basis that caribou would 
be counted more reliably on the photos, whereas they might be more easily missed on 
visual survey blocks. As noted in the 2023 Bluenose-East survey report, the estimates 
from the photo blocks in 2018, 2021 and 2023 were reliable and in each case represented 
a high proportion of the eventual estimates of breeding females and adult females on the 
calving grounds. Including more areas in photo blocks when field conditions are poor is a 
strategy for consideration in future surveys. 

4. In the 2023 Bluenose-East calving ground survey and previously in the 2013 Bluenose-
East calving ground survey, a number of transects flown by the photo plane were also 
flown at about the same time by a fixed-wing aircraft using visual methods, to compare 
estimates side-by-side. This comparison could be used again on a future survey to assess 
the caribou that might have been missed using visual methods if ground snow conditions 
appear challenging. 

5. The IPM can provide an estimate of trend in the absence of a population survey based on 
other data sources, as was done for the 2023 Bathurst herd and discussed in the calving 
ground survey report. 

 
iii) Please describe how GNWT can rule out any possible sources of error that could potentially 

result in an overestimate of the population. 
 
Response:  
 
While it is not possible to rule out all sources of error in any wildlife survey, GNWT-ECC has no 
evidence to suggest that the Bluenose-East calving ground surveys resulted in an over-estimate 
of the population. We noted in the report on the June 2023 Bluenose-East survey that poor visual 
survey conditions on the 2018 and 2021 Bluenose-East calving ground surveys could have 
resulted in underestimates of caribou counted visually, although the estimates of caribou from 
the photo blocks were likely reliable in 2018, 2021 and 2023 and the photo blocks in each case 
accounted for a high percentage of the female caribou in the estimates. If the sex ratio used in the 
extrapolated herd estimate was unreliably high, that could result in an over-estimate of herd size, 
however there are four fall surveys of this herd from 2020-2023 with similar sex ratios, thus the 
extrapolated herd size estimate is likely reliable. A large immigration event is one factor that 
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could contribute to an over-estimate. As described in the response to IR#2, a power analysis 
suggested that up to approximately 4,200, 350, and 1100 adult females could have emigrated 
from the Beverly, Bathurst and Bluenose-East herds, respectively, before power to detect those 
events reached 80%. However, there has been no direct evidence of unusual rates of exchange of 
collared female caribou between the Bluenose-East and neighbouring herds in recent years. 
Collectively, this evidence suggests that a large over-estimate of the Bluenose-East herd in 2023 
was unlikely.  

Parties Responsible: Environment & Climate Change, GNWT 
 
Rationale for IR #3: The Board requires information to avoid assuming that recovery (an 
increasing trend) is underway when, in fact, the herd is not recovering (Type II error) but is 
stable or declining. Inuit and Tłı̨chǫ ground observations are clear that summer conditions are 
beneficial for caribou health including productivity, (but not adult survival). However, 
inconsistencies in the technical monitoring cause uncertainty as there are two interpretations 
about the extent of recovery (rate of increase) and thus, the sustainability of proposed harvest 
changes. 
 
First, the IPM modelling using measured productivity and survival are a close fit with the trend 
based on the calving ground estimates except the model under-estimated 2023 estimated 
breeding females Boulanger et al. 2023; Figure 36; this also happened before in 2010). If the 
trend in herd size is stable from 2018 to 2023 (Figure 36), the proposed harvest (845 caribou) 
relative to, for example, the average or upper 95% confidence interval for the 2021 estimate 
adult caribou (27,971 caribou) could be 3.2-4%. 
 
Alternatively, Boulanger et al. (2024) estimated the annual rate of increase as 6-11% using a 
combination of under-estimation of herd size in 2021 and possibly 2018; under-estimation of 
cow survival rates and potentially undetected immigration. Based on the proposed estimated herd 
size in 2023 (845/39,525), the harvest rate would be 2%. 
 
The Joint TG GNWT 2024 proposal states that: 
 
Although we are confident the Bluenose-East herd has increased, the discrepancy between the 
apparent rate increase from 2021 to 2023 based on calving ground surveys and other 
demographic indicators suggests caution in interpreting the true rate of herd increase until a 
further population estimate is available. (reviewer’s underlining) 
 
It will be useful to the Board to have the information about how confident GNWT is that the 
proposed 2025 calving survey can resolve the uncertainties about trend in herd size, any 
contingencies available if conditions are unfavorable for the 2025 calving ground survey, and the 
risks of delays in information on the sustainability of the harvest especially during these early 
days of recovery. The previous calving ground surveys experienced weather interruptions and/or 
poor sighting conditions during four of the previous five surveys, which included that the 2018 
and 2021 were “somewhat low” estimates (p.8). A remaining question is whether the 2023 
estimate could be an overestimate. GNWT notes that their IPM model underestimated the 2023 
estimate using the field measured vital rates (Boulanger et al. 2024; Figure 36). 
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Information Request #4: Measuring Objectives 

Please provide the management objectives (measurable endpoints) that follow from the short- 
term goal (2024-2026) which is “to promote conditions that will allow for continued growth of 
the herd”. In the context of the Sahtì Ekwǫ̀ recovery, please define sustainability as a measurable 
objective. 
 
Response: Overall management guidance for the Bluenose-East herd is provided by the Taking 
Care of Caribou Plan developed by the Advisory Committee on Cooperation for Wildlife 
Management (ACCWM). The plan makes management recommendations according to herd 
status, which includes 4 colour phases of green (high numbers), red (low numbers), orange 
(intermediate and decreasing) and yellow (intermediate numbers and increasing) with numerical 
thresholds for each phase (below 20,000 is red and above 60,000 is green). The co-management 
boards making up ACCWM met in November 2023 to review information from scientific and 
community-based sources and assigned the Bluenose-East herd to the yellow (intermediate and 
increasing) phase and updated the herd’s Action Plan in early 2024. For a herd in yellow status, 
the Taking Care of Caribou plan recommends an easing of limits on subsistence and resident 
harvest. 
 
GNWT-ECC and TG have followed the Taking Care of Caribou plan as primary guidance for 
management of the Bluenose-East herd and the current joint management proposal is intended to 
be consistent with the 2024 ACCWM Action Plan for the Bluenose-East herd. In the context of 
harvest management, a definition of sustainability is a level of harvest that does not lead to 
population decline or increased decline. In the specific context of Sahtì Ekwǫ̀ recovery, TG and 
GNWT-ECC consider sustainability to encompass a level of harvest that allows for continued 
herd growth. This more precautionary definition of sustainability recognizes that the Bluenose-
East herd is in the early stages of recovery and places an emphasis on continued growth of the 
herd, not only stability. 
 
To assess sustainability of the harvest changes proposed in the joint proposal, harvest modeling 
was undertaken for the Bluenose-East herd (described in Appendix 5 of Boulanger et al. 2024). 
A range of future trends in the herd (with no harvest) were considered over a period of 3 years, 
including a stable trend, a slow decline, a herd increasing at 4.6% per year, and a herd increasing 
at 11% per year. This range of underlying trends was considered in recognition that, while the 
herd has clearly increased since 2018, there is uncertainty in the rate of increase from 2018-2023 
and the future trend of the herd is not known. A range of (no harvest) trends, harvest levels, and 
sex ratios was intended to take into consideration some of the uncertainties in the herd’s trend. 
Given that the sum of scientific and community-based information and the ACCWM status 
assessment concur that the herd was increasing in 2023, the projections of a herd increasing at 
11% or 4.6% are the most relevant, with a conservative approach focusing on the lower of these 
two rates of increase. Trends were simulated over a period of 3 years because (i) herd dynamics 
can change quickly as has been seen with the Bluenose-East herd trend since 2010 and most 
noticeably since 2018, and (ii) the interval between calving ground surveys has been 2 or 3 years 
and updated joint management proposals have generally been timed to new population estimates.  
 
Under the scenarios of an increasing herd, all the modeled harvest rates up to and including 4% 
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of the herd projected a herd that would continue to increase and a 2% harvest (the TAH of 395 
bulls proposed in the joint proposal for Wek'èezhìi combined with the TAH of 450 [either sex] 
caribou in Nunavut for Kugluktuk) would likely be sustainable. Between the composition 
surveys, the planned calving ground survey in June 2025, and continued Ekwǫ̀ Nàxoèdee K’è 
monitoring of the Bluenose-East herd, any unexpected change in herd trend from increased 
harvest should be detected and changes to harvest management can be considered. 
 
Parties Responsible: Tłı̨chǫ Government and Environment & Climate Change, GNWT 
 
Rationale for IR #4: It will be useful for the Board to know how the monitoring and modeling 
meet a target for recovery. The Joint TG GNWT 2024 proposal emphasizes conservative and 
sustainable harvest strategies but without providing specifics such as what is a conservative rate 
of recovery over only a 3-year period and how to recognize annual progress based on measurable 
endpoints. 
 
“Harvest modeling conducted using the most recent population and demographic estimates for 
the Bluenose-East herd suggests that a total harvest of 2.1% of the herd, whether bulls, cows or 
a mix of the two, is likely to be sustainable and allow for continued herd growth (Boulanger et 
al. 2024 Appendix 5).” (Joint TG GNWT 2024 Proposal p.15). 
 
The Board needs more information to assess the likelihood of sustainability. The problem is the 
uncertainties including the discrepancy between adult female survival rates and trend in herd size 
and whether wolf management will be continued. The modeled harvest rate of 2.1% is only 
sustainable based on using adult and calf productivity rates in two scenarios that are higher than 
the measured rates (2018-2023). The model runs started with the 2023 estimated herd size and 
only ran for 3 years. There was no mention of whether the proposed 2025 herd estimate and rates 
could be used as criteria (benchmarks) to assess the applicability of the model scenarios. 
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Information Request #5: Monitoring Recovery 

 
Please provide information on the risks to recovery from changes in the technical monitoring of 
the Sahtì Ekwǫ̀ herd (Table 4) especially the proposed higher priority for monitoring summer 
relative to winter calf survival. Please include information on sampling and statistical procedures 
which could compensate for possible overlapping herd distribution while sampling sex and age 
composition monitoring. 
 
Response:  
 
GNWT and TG do not consider the proposed changes to technical monitoring of the Sahtì Ekwǫ̀ 
herd to represent a risk to the herd’s recovery for multiple reasons.  
 
Concerning frequency of calving ground population surveys, Boulanger (2021; included to 
support this response) assessed recommended population survey frequency for barren-ground 
caribou herds based on survey variance and ability to detect change from sequential herd 
estimates and recommended a minimum of 3 years between surveys. This analysis was 
consistent with results of an earlier analysis by D. Heard in 1990, which also recommended a 
minimum interval of 3 years between population surveys. Since about 2006, an interval of 3 
years has generally been the standard interval for the five barren-ground caribou herds monitored 
by GNWT. In 2019 more intensive monitoring of the Bluenose-East and Bathurst herds was 
proposed by GNWT and TG and approved by the WRRB. This was in large part the result of 
heightened concern over the status of the two herds, both of which were declining rapidly based 
on 2018 calving ground surveys. The status of the Bluenose-East herd in 2023 is very different 
from 2018 and a return to a 3-year interval between population surveys is consistent with survey 
intervals before 2019 and with the recommended interval from Boulanger (2021) and Heard 
(1990). If annually monitored demographic indicators, such as calf:cow ratios and bull:cow 
ratios, and observations from the Tłįchǫ Government’s Ekwǫ̀ Nàxoèdee K’è ground-based 
monitoring suggest a major change in the herd’s status, the 3-year interval between population 
surveys would be reconsidered. 
 
Less intensive monitoring of demographic indicators from composition surveys for the 
Bluenose-East herd proposed in the 2024 joint management proposal is also consistent with a 
return to the level of monitoring that was used for the herd prior to 2019. Prior to 2019, calving 
ground composition surveys occurred only in years of calving ground photo surveys and the new 
proposal would return to that approach. WRRB has expressed concern over the level of 
disturbance to caribou on the calving grounds, including a recommendation opposing a calving 
ground survey of the Bathurst herd in 2024 (WRRB Recommendation #1-2023 Kǫk’èetı Ekwǫ̀). 
While survey crews seek to minimize disturbance to caribou, the response of caribou to a 
helicopter is consistently stronger than to a small fixed-wing aircraft. Reducing the frequency of 
calving ground composition surveys helps to address concerns about disturbance on the calving 
grounds.  
 
The greater emphasis on fall composition surveys over late-winter composition surveys reflects 
several considerations: 
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Mixing of the Bathurst, Bluenose-East and Beverly herds in winter has been extensive since 
about 2018 and in the last two winters collared caribou from the Qamanirjuaq, Ahiak, Wager 
Bay and Lorillard herds have also been in the eastern NWT, including some mixing with the 
Bathurst, Bluenose-East and Beverly herds. It has become necessary to assess collar 
representation and relative herd sizes spatially in trying to assign classified caribou groups to 
herds in the March surveys. Assigning a Bathurst-specific calf:cow ratio has been particularly 
challenging as the collared Bathurst caribou have been widely scattered and vastly outnumbered 
by the Bluenose-East and Beverly herds. In recent GNWT composition surveys, herd-specific 
composition has been estimated by grouping results from one or more areas where one herd 
predominates in terms of collared caribou and estimated herd size. The collars and relative herd 
sizes can be used to assign composition results from an area to an individual herd with a 
probability (e.g. 85% Bluenose-East, 5% Bathurst, 10% Beverly). An alternate method of 
analyzing March composition data was also applied to data from the March 2023 surveys 
(Adamczewski et al. 2024a, included with this response). This method used individual groups 
classified and collar proximity of each classified group to assign portions of each group to each 
herd; collar representation and herd sizes were also used in the calculations. Estimates of 
calf:cow ratio for the Bluenose-East and Beverly herds for March 2023 were essentially identical 
using both methods, but both needed to be interpreted cautiously given herd mixing that winter, 
and neither method generated a Bathurst ratio that was reliable.  
 
Challenges with herd mixing for late winter composition surveys are also demonstrated by recent 
attempts to target Bathurst caribou for collar placement. For example, in March 2024, 35 new 
collars (25 females, 10 males) were placed in areas of only existing Bathurst collars, and most 
were placed in an area with four Bathurst cow collars and no other collars (though with 
Bluenose-East collars not far away). However, only six of the newly collared females and none 
of the males turned out to be Bathurst in June or July and all the rest turned out to be Bluenose-
East. Caribou classified near those four Bathurst cow collars would have been predominantly 
Bluenose-East, not Bathurst. On other composition surveys, groups of thousands of caribou with 
no collar associated or a single Bathurst collar with thousands of caribou nearby are sometimes 
seen; in those instances we assume that the large groups are very unlikely to be mostly Bathurst 
caribou. In contrast, in three of the last four years, it has been possible to estimate Bathurst and 
Bluenose-East calf:cow and bull:cow ratios in the fall with high confidence, with little mixing of 
collars from the three herds and substantial areas having only collars from one herd. Thus, the 
probability of generating herd-specific ratios with high confidence has consistently been higher 
in the fall for both herds.  
 
A further consideration has been the pattern of fall calf:cow ratios and late-winter calf:cow ratios 
in years when both have been flown for the Bluenose-East and Bathurst herds. Very consistently, 
the late-winter calf:cow ratio has been similar to the preceding fall ratio or slightly lower (e.g. 45 
calves: 100 cows in the fall followed by 40-43 calves: 100 cows in March). This pattern suggests 
that most calf mortality occurs in the summer and comparatively little over the winter. The fall 
survey thus captures the key information about calf survival.  
 
The fall survey is also the one time of year when a herd-wide bull:cow ratio can be estimated 
reliably. By March the segregation of males is pronounced and estimating a sex ratio then would 



 

18 
 

be very challenging. Tracking the sex ratio can only be done in the fall; as described earlier, 
survey timing and a herd-wide sample are key to these surveys and using 2 or more estimates of 
sex ratio for the extrapolation calculation is preferable to using just one. 
 
Finally, GNWT-ECC is not proposing to end flying the March composition surveys, rather we 
are proposing that the fall surveys be given first priority for the reasons given. The March 
surveys will continue to be flown as and when needed.  

Parties Responsible: Tłı̨chǫ Government and Environment & Climate Change, GNWT 
 
Rationale for IR #5: The Joint TG GNWT 2024 proposal (Table 4) has changes in the 
frequency of calving ground estimates and a reduction in sex and age composition. More 
information is needed to understand the implications of reducing the frequency of technical 
monitoring despite uncertainty about to what extent the Sahtì Ekwǫ̀ herd is recovering, 
uncertainty about the sustainability of the proposed harvesting, and whether wolf management 
will continue. It is not clear why if adult survival is biased low, there are no changes to 
maintaining the collar monitoring or changes to monitoring adult sex ratio if it is uncertain as to 
the extent of its changes. 
 
Having information about whether overlapping herd distribution is an insoluble problem for sex 
and age composition surveys is needed to understand whether assigning a higher priority to fall 
than spring composition is justified. The current uncertainties of relying on trend in herd size 
from the calving ground surveys increases the importance of annually estimating vital rates 
including over winter calf survival. In this context, reducing the frequency of calving ground sex 
and age composition to estimate productivity and early calf survival increases uncertainty and 
reduces the baseline to use the Tłı̨chǫ estimates of summer calf survival. 
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Information Request #6: Range Condition Dynamics 

 
i) Please provide information on range condition dynamics of Sahtì Ekwǫ̀. What has been done to 

measure how range condition may change to support caribou recovery? 
 
Response: In recent years (2021-2023) the Tłı̨chǫ Ekwǫ̀ Nàxoèdee K’è field study of Bluenose-
East caribou in summer and fall has included observations of range condition. Further, the Ekwǫ̀ 
Nàxoèdee K’è program for the Bathurst herd has included general observations of range 
condition since 2016, providing a time series which has suggested an improvement in summer 
range condition and less severe insect seasons since about 2018, which was about the time the 
Bluenose-East herd’s demographic indicators began to improve. GNWT has made use of the 
MERRA climate database (Russell et al. 2013) to assess trends in various climate variables such 
as growing degree days, temperature and a warble fly index and how they may be related to 
demographic variables in the Bluenose-East herd (e.g. Boulanger et al. 2022 report on the 2021 
Bluenose-East calving ground survey). Further, GNWT monitors and reports on wildfires and 
maintains an inventory of landscape change across the NWT, including the Bluenose-East herd 
range, that can be used to inform range condition. 
 

ii) Has the GNWT considered if the Sahtì Ekwǫ̀ subpopulation, or its range condition, is cyclic? 
What evidence is there that they may or may not? What are the implications for herd recovery 
management if the Sahtì Ekwǫ̀ herd is cyclic? 

 
Response: GNWT recognizes that barren-ground caribou herds vary over a wide range of 
abundance and have likely done this for a long time. Bongelli et al. (2020) referenced in the 
Rationale for IR#5 provides some evidence in support of the hypothesis that abundance of 
barren-ground caribou herds is cyclic. It is important to note, however, that for most herds there 
are barely enough reliable survey data to define one period of high numbers and one period of 
low numbers. For the Bluenose-East specifically, there are reliable population survey data 
available over the last 14 years (2010-2023) and somewhat less reliable survey data dating to 
2000, therefore it is not possible to accept/reject a hypothesis of cyclicity with herd-specific 
empirical data. Cyclicity occurring over decadal time frames would be better defined if there 
were multiple periods of high numbers and low numbers.   
 
The best evidence for the George River herd’s abundance since the 1800s, as described by 
Bergerud et al. (2008; see p. 136), suggests times of high abundance and low abundance, but the 
peaks and the lows have not been equal or evenly spaced over time, there may have been smaller 
declines and smaller peaks, and it might be more accurate to say that the herd has fluctuated 
greatly and somewhat unpredictably in numbers rather than defining it as cyclic. A cyclic 
population should be expected to alternate predictably between high and low abundance, but the 
herds found entirely or partially within the NWT have shown a wide range in trends. The 
Qamanirjuaq herd was estimated at 500,000 in 1994, then was not surveyed again until 2007, and 
although it has declined by about half since 1994, it remains approximately stable at about 
250,000 and in 30 years has not shown anywhere near the massive decline of herds like the 
Bathurst. The Bathurst herd has had previous periods of high and low numbers, but if it was 
predictably cyclic, it should be increasing now. In 2018 the Bathurst and Bluenose-East herds 

https://cwfis.cfs.nrcan.gc.ca/home
https://www.geomatics.gov.nt.ca/en/services/web-mapping-applications/nwt-cumulative-impact-monitoring-program-cimp-inventory-landscape
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were both declining rapidly, but their trajectories since then have been divergent; the Bathurst 
continuing to decline while the Bluenose-East stabilized and is increasing as of 2023.  
 
For the Bluenose-East herd, there was a relatively poorly defined period of high numbers around 
2000 (the post-calving survey that year had few collars and many small groups) and the herd’s 
trend between 2000 and 2010 was not very well defined based on post-calving surveys in 2005 
and 2006 where parts of the herd did not aggregate well. The herd’s size and demographics have 
been relatively well monitored from 2010 to 2023 and over that period the herd went through a 
large decline, then stabilized and is now increasing. The evidence based on surveys, at least, is 
sufficient to say that this herd can fluctuate over a wide range in numbers and can increase and 
decrease rapidly, but the evidence is insufficient to determine whether it is a truly cyclic 
population.  
 
Overall management guidance for the Bluenose-East herd is provided by the Taking Care of 
Caribou Plan, which includes 4 colour phases of green (high numbers), red (low numbers), 
orange (intermediate and decreasing) and yellow (intermediate numbers and increasing) with 
numerical thresholds for each phase. Consideration of the remarkable variety of caribou herd 
trajectories within NWT/NU since the 1990s, coupled with all the potential effects of climate 
change, suggests that the past may not always be a good guide to the future. Assuming that a 
population is cyclic and will inherently recover from periods of low abundance creates risks for 
management. Surprises are likely and management will need to be adaptable if the herd does not 
follow a predictable trajectory. 

Parties Responsible: Environment & Climate Change, GNWT 

Rationale for IR #6: There is evidence that many, if not most, barren-ground caribou 
populations cycle. Bongelli et al. (2020) found that of the 11 barren-ground caribou sub- 
populations tested, nine fit a sine cycle. Bongelli et al. (2020) also looked at how well the sine 
curve fits the census data considering all nine sine-cyclic subpopulations as a group. Ninety-six 
percent of the pooled survey variance was explained by the subpopulation specific 
period/amplitude generated expected values, with the probability of no relationship at p<0.001 
(subpopulations R2 values ranged between 0.770-0.999). Bongelli et al. (2020) further showed 
that the main driver of the cycle appeared to be range size and range productivity. It appears that 
carrying capacity of barren-ground caribou is not constant, but rather, fluctuates. Therefore, 
range recovery is required before caribou recovery can begin. 
 
Given that barren-ground caribou density effects appear mainly environmental, the implications 
are that other factors such as predation or harvest, may have less of an impact on barren-ground 
caribou population dynamics than currently assumed. Having empirical evidence of how range 
condition is changing will help predict caribou population changes between censuses and further 
validate range-caribou dynamics as a new understanding.  
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