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Summary  

¶ We conducted an early-winter survey of moose in the area northeast of Mayo from October 31  to 
November 9, 2017, using helicopters. The main purposes of this survey were to estimate the 
abundance, distribution and composition of the moose population.  

¶ We counted all moose in survey blocks that covered about 41% of the entire area. We found a 
total of 600 moose: 131 adult bulls, 298 adult and yearling cows, 39  yearling bulls, and 132 calves. 

¶ We calculated a population estimate of 719 moose (90% confident that the population was 
between 681 and 773) for the area. This number is equal to a density of about 144 moose per 
1,000 km²  over the whole area, or 153 per 1 ,000 km² in suitable moose habitat. This is low to 
moderate compared to the range of typical Yukon moose densities of 100 -250 moose per 1,000 
km².  

¶ We estimated that there were about 51 calves and 30 yearlings for every 100 adult cows in the 
survey area. These ratios indicate that survival of calves born in this area during the past 2 years 
has been above average compared to other Yukon areas surveyed.  

¶ We estimated that there were about 50 adult bulls for every 100 adult cows in the survey area. 
This adult sex ratio is lower than the Yukon average from surveyed populations, but above the 
minimum threshold of 30 bulls per 100 cows identified in our moose management guidelines.  

¶ There has been a declining trend in moose numbers in the Mayo area since 2006. 
¶ We estimate that the total harvest of moose in this area is at or above the maximum sustainable 

level recommended in our moose management guidelines. 
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Introduction  

This report summarises the results of the early-
winter survey of moose in a part of the Mayo 
Moose Management Unit (MMU; Fig. 1), 
conducted on October 31 to November 9, 2017. 
The purpose of the survey was to estimate 
numbers, distribution, and composition by age 
and sex of the moose population. 

Previous surveys  
The Yukon Fish and Wildlife Branch has 
monitored populations of moose  in the Mayo area 
since the mid-1970s, using a variety of methods 
and survey areas. We conducted early-winter 
censuses in different Mayo survey areas (Fig. 2) in 
1988 (Larsen et al. 1989; a small part of this area 
was also re-surveyed in late winter 1989),  1993 
(Ward and Larsen 1994), and 1998 (results in 
Yukon Fish & Wildlife Branch file reports). We 
conducted early-winter surveys of moose in the 
ǗĬƜŘ ǗǫǏȂŘȉ ĬǏŘĬ ĬǗ ǣŸŽǗ ȉŘĬǏʩǗ Žƞ ɁȿȿɅ ʘĖĬǏő Řǣ 
ĬƓʋ ɁȿȿɅʙ Ĭƞő Ɂȿɀɀ ʘ¼ʩDƩƞƩűŸǫŘ Řǣ ĬƓʋ ɁȿɀɁʙʋ 
Early winter is the best time of year to estimate 
abundance of moose because of their 
concentration in high -altitude open habitats. Bull 
moose still have antlers at this time of year, so 
early-winter surveys also allow us to estimate the 
proportion of bulls in the populati on. 

We conducted late -winter surveys to 
measure recruitment of calves in a large area 
around Mayo (Fig. 2) annually from 1993 to 1999 
and in 2003 (Ward and Larsen 1994, Ward and 
¥ĬǏǗŘƞ ɀɈɈɄʆ êŽƞƞƩǣǣ Ĭƞő ¼ʩDƩƞƩűŸǫŘ Ɂȿȿɂʆ Ĭƞő 
Yukon Fish and Wildlife Branch f ile reports).  We 
also measured recruitment of moose at the end of 
ȃŽƞǣŘǏ Žƞ ǣŸŘ ǗĬƜŘ ǗǫǏȂŘȉ ĬǏŘĬ ĬǗ ǣŸŽǗ ȉŘĬǏʩǗ Žƞ 
Ɂȿȿɀ ʘdǏĬǗŘǏ Řǣ ĬƓʋ Ɂȿȿɀʙʆ ɁȿȿɁ ʘ¼ʩDƩƞƩűŸǫŘ Ĭƞő 
êŽƞƞƩǣǣ Ɂȿȿɂʙʆ Ĭƞő ɁȿȿɃ ʘ¼ʩDƩƞƩűŸǫŘ ɁȿɀɄʙʋ 
We mapped late -winter distribution of moose in 
thŘ ǗĬƜŘ ǗǫǏȂŘȉ ĬǏŘĬ Žƞ ɁȿɀɃ ʘ¼ʩDƩƞƩűŸǫŘ Řǣ ĬƓʋ 
2016)  

Finally, we have worked with local 
residents to conduct ground -based monitoring of 
composition of the Mayo-area moose population 
ŘĬŊŸ ŰĬƓƓ ǗŽƞŊŘ Ɂȿȿɀ ʘ¼ʩDƩƞƩűŸǫŘ Ĭƞő <ŘƓƓƜƩǏŘ 
2014).  

Community involvement  
Residents of the Mayo area have consistently 
placed a high priority on monitoring the 
abundance, distribution, and health of the local 
moose population. This survey was 
recommended in the Community -based Fish and 
Wildlife Management Work Plan for the Na -Cho 
Nyäk Dun Traditional Territory for 2014 -2019, 
which was developed cooperatively by the Mayo 
District Renewable Resources Council, the First 
Nation of Na-Cho Nyäk Dun, and the Yukon Fish 
and Wildlif e Branch. The Mayo District 
Renewable Resources Council provided some of 
the funding for this survey and staff of the First 
Nation of Na-Cho Nyäk Dun participated as 
observers.
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Figure 1. May Moose Management Unit and October-November 2017 survey area. 
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Figure 2 Previous moose surveys in the Mayo Moose Management Unit 
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Study area  
The Mayo survey area was re-located in 2001 to 
conform to the boundaries of Yukon Moose 
Management Units (Environment Yukon 2016). 
Moose management units were developed to 
monitor and manage moose at the scale of 
populations throughout the territory. We plan to 
monitor the status of moose populations in 
priority moose management units on a regular 
basis, using both aerial and ground-based 
surveys. 

The Mayo Moose Management Unit is 
about 9,659 km², and includes Game 
Management Sub-zones (GMS) 256, 258, 259, 
262, 263, 404, 405 and 406 (Fig. 1). The survey 
area within the Mayo Moose Management Unit is 
about 5,014 km². The border runs north -east 
along the McQuesten and South McQuesten 
rivers to McQuesten Lake. From here, it roughly 
extends south along the Keno Ladue River to 
Mayo Lake and then to the Stewart River. The 
Stewart River and Nogold Creek form the south -
east boundary. The south-west boundary runs 
north-west from Nogold Creek passing to the 
west of Mayo, and back to the McQuesten River. 

Most of the study area (about 4,718 km²) 
is considered suitable moose habitat, except for 
approximately 6% of the area, which includes 
large water bodies (0.5 km² or more in size) and 
land at or over 1,524 m (5,000 feet) in altitude. 
The study area consists mostly of rolling hills and 
plateaus, dissected by numerous creeks, in the 
drainages of the Stewart and McQuesten rivers. 
Most of the area is forest-covered with black and 
white spruce, lodgepole pine, aspen, and paper 
birch. Willow and dwarf birch shrub habitats, 
alpine tundra, and unvegetated rocky areas typify 
the higher plateaus scattered throughout the 
study area, and the mountainous area in the 
north-eastern corner (the Keno area) of the 
survey area.  

Old and recent forest fires have occurred 
throughou t the study area (Fig. 3).  The most 

recent large fires were a 35 km² burn along the 
Stewart River in the south -east corner of the 
survey area in 2015, a 55 km² burn north -west of 
Elsa in 2005, a 71 km² burn south -west of 
McQuesten Lake in 1998, a 73 km² burn at the 
south arm of Mayo Lake in 1994, and a 183 km² 
burn north and west of Janet Lake in 1990.
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Figure 3 Mayo Moose Management Unit fire history. 
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Methods  

We have recently adopted a new model -based 
technique to survey moose in the territory 
(Czetwertynski et al., in prep). Advantages of this 
method include the abilities to utilise local 
knowledge, estimate abundance in subsets of the 
survey area, and target our sampling to areas 
where uncertainty is greatest. The models 
relating moose abundance to habitat variables 
can also be used to predict moose numbers 
outside the survey area. 

Generally, the field sampling is similar to the 
way we conducted our moose surveys in the past, 
except that we select blocks to count guided by 
model predictions rather than randomly.  

The survey area is divided into rectangular 
blocks 15.1-15.5 km² (2' latitude x 5' longitude) in 
size. Where we are lacking recent information, 
we conduct a pre-census survey of moose 
distribution. Observers in fixed -wing aircraft fly 
over all the blocks quickly, and classify (or 
ʦǗǣǏĬǣŽŰȉʧʙ ǣŸŘƜ ĬǗ ŸĬȂŽƞű ŘŽǣŸŘǏ ŸŽűŸʆ ƜŘőŽǫƜʆ 
low, or very low expected moose numbers, based 
on local knowledge, number of moose seen, 
tracks, and habitat. This is called the 
ʦǗǣǏĬǣŽŰŽŊĬǣŽƩƞʧ ǌĬǏǣ ƩŰ ǣŸŘ ǗǫǏȂŘȉʋ dƩǏ ǣŸŽǗ ǗǫǏȂŘȉʆ 
we did not do a pre -census flight but rather relied 
on information from previous counts to initially 
stratify the area (Fig. 4). 

Using helicopters, we then try to count every 
ƜƩƩǗŘ ȃŽǣŸŽƞ ǣŸŘ ǗŘƓŘŊǣŘő ŉƓƩŊƐǗ ʘǣŸŘ ʦŊŘƞǗǫǗʧ 
part of our survey), at a search intensity of about 
2 minutes per km². We classify all moose by age 
(adult or calf) and sex. In early-winter surveys, it 
is also possible to reliably distinguish yearling 
bulls from adults based on antler size, and thus 
estimate the total number of yearlings  in the 
population. Yearling cows are often difficult to 
distinguish from adults, so we classify all cows as 
adults, and later estimate the number of yearling 
cows that were present among the older cows by 

assuming it equals the number of yearling bulls 
we saw. 

We select blocks to survey using different 
criteria in each of three phases of the census: 

1. In phase 1, we use a combination of 
landscape characteristics (habitat, access) and 
local knowledge to generate an initial map 
predicting the abundance of moose in each of the 
survey blocks. For this survey we used local 
knowledge of moose distribution to guide our 
initial selection of survey units. Based on this 
information, we select survey blocks to be flown 
during the first two days of t he survey. Blocks are 
selected such that they are distributed across the 
survey area and cover the range of available 
habitat types and areas of different expected 
densities of moose.
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Figure 4 Survey block stratification in the Mayo Moose Management Unit, 2017. 
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2. In phase 2, we use available information 
(habitat type, access, local knowledge) to fit the 
best model describing moose abundance in the 
blocks surveyed to date. We then use this model 
to predict the number of moose in unsampled 
blocks. Survey blocks to fly the following day are 
selected based primarily on where the level of 
uncertainty in the predictions is greatest, and to 
ensure we collect appropriate data to evaluate 
predictor -moose abundance relationships. This 
process (model selection, fitting, prediction, 
identification of blocks to sample) is repeated 
nightly with additional data from each day of 
flying. This phase of the survey is complete when 
sampling 1) provides a total population estimate 
with adequate precision to make management 
decisions, 2) meets all assumptions for the final 
model, 3) has enough blocks counted in each 
subarea for which estimates are desired, and 4) is 
appropriate to estimate population composition 
by age and sex.  

3. In phase 3, we create a map showing the 
predicted number of moose in unsampled blocks 
based on the best model and allow the field crew 
to select units where they believe the predictions 
are the least accurate. We use local knowledge 
plus incidental observations made during the 
census to select additional blocks to count. This 
phase represents the last 1 or 2 days of the 
survey depending on survey-specific conditions. 
Lastly, the final model is reevaluated with all 
available data to determine if further sampling is 
required.  

We usually try to count about a third of the 
blocks within the survey area. Generally, the more 
blocks searched during the census part of the 
survey, the more precise and reliable the resulting 
population estimate. This total population 
estimate is then broken down into age and sex 
classes using a compositional analysis 
(Czetwertynski et al., in prep). This analysis 
allows us to incorporate factors found to affect 
the distributi on of different age and sex classes 
across the landscape. 

 

dŽƞĬƓƓȉʆ ȃŘ ǫǗŘ Ĭ ĜǫƐƩƞ ĬȂŘǏĬűŘ ʦǗŽűŸǣĬŉŽƓŽǣȉ 
ŊƩǏǏŘŊǣŽƩƞ ŰĬŊǣƩǏʧ ƩŰ Ɉˡʆ ŉĬǗŘő Ʃƞ őĬǣĬ ŰǏƩƜ 
previous moose surveys, to estimate the number 
of moose we missed during our searches of each 
survey block, and correct our final population 
estimates accordingly. 
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Weather and snow 
conditions  

Weather conditions were mixed but mostly good  
for this survey. Between 31 October and 9 
November, we were unable to fly on two full days 
and part of one afternoon because of low clouds 
and icing. The weather was mostly clear on six of 
the eight days we flew, although we did 
encounter some low-lying fog that we had to 
work around on some days. Temperatures ranged 
from 32°C to  1°C. Winds were mostly mild; 
stronger winds were encountered on only one 
day, in the afternoon.  

Snow cover was complete and at low to 
intermediate depths, but some south -facing 
slopes had taller ground vegetation still showing. 
We had fresh snow right before the survey 
started and on two days during the survey, which 
aided in spotting fresh tracks. Light conditions 
ranged from flat to bright.  
 

Results and discussion  

Stratificatio n  
We used the results of our 2006 and 2011 
surveys to classify the survey blocks by expected 
density of moose before we started this census.  
We classified 30 (9%) of the 328 survey blocks 
as high, 62 (19%) as medium, 71 (22%) as low, 
and 165 (50%) as very low expected abundance 
of moose (Fig. 4), based on our previous 
observations from the air. Most of the blocks with 
higher expected numbers of moose were located 
in the mountainous area in the north -eastern part 
of the survey area and on subalpine ridges 
scattered elsewhere in the area. 
 

 
 
 
 

Coverage  
We counted moose in 133 of the 328 blocks, or 
about 41% of the total area (Fig. 5). Overall, we 
surveyed 93% of the blocks with expected high 
moose density based on our stratification, 77% of 
the medium-density blocks, 41% of the low -
density blocks, and 17% of the very low -density 
blocks. 

It took us about 72.7 hours to count 
moose in these blocks, for a search intensity of 
2.15 minutes per km². We used another 23.8 
hours of helicopter time to ferry between survey  
blocks, our fuel cache at Keno City, and back and 
forth to Mayo.  
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Figure 5 Moose census results in the Mayo Moose Management Unit, 2017. 
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Table 1.  Observations of moose in the Mayo Moose Management Unit during the October-November 2017 
survey. 

 Total  

Number of blocks counted 133  
Number of adult bulls  131  
Number of adult and yearling cows*  298  
Number of yearling bulls  39 
Number of calves 132  

* Adults and yearling cows cannot be reliably distinguished from the air, so they are counted together. .  
 

Observations of moose  
 
 

We counted a total of 600  moose, 22% of them 
adult bulls, 50% adult and yearling cows, 6% 
yearling bulls, and 22% calves (Table 1). We 
observed an average of 296 moose for every 
1,000 km² searched. These values (total number 
and composition by age and sex) cannot be 
directly used as estimates in unsurveyed blocks 
because our sampling was biased towards blocks 
with greater numbers of moose.  

Distribution of moose  
Moose were widely distributed in the survey area; 
with the highest numbers observed in the 
mountainous areas to the north, east, and south-
east of Keno City; and the high plateaus south of 
Mayo Lake, north and west of Janet Lake, and 
south of the McQuesten River in the western part 
of the survey area (Fig. 5). We saw most moose 
in areas with good willow cover in the subalpine , 
and in areas that were burned in the 1990s. We 
saw relatively few moose in mature spruce, pine, 
and aspen forested areas and in lowland habitats 
of any kind. 

Abundance of moose  
The final model that best predicted moose 
abundance included two factors posi tively related 
to moose numbers: 1) the percentage of 
subalpine shrub habitats or high -elevation (800-
1,500 m) 5 -35-year-old burns in each survey 
block and 2) the expected number of moose in 

each survey block provided by local knowledge; 
and one factor negatively related to moose 
numbers: the percentage of spruce and pine 
forest in each survey block (model details are in 
Appendix 1). This model is consistent with our 
observations that most moose move to higher 
elevation habitats with abundant willows during  
the early winter.  

The estimated number of moose in the 
entire survey area, based on our census counts 
and model predictions, was 719, and we are 90% 
confident that population was between 681 and 
773 (Table 2).
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Table 2.  Estimated abundance of moose, corrected for sightability (91%), in the Mayo Moose Management Unit 
survey area in October-November 2017. 

 Best estimate*  Estimates within 90% 
confidence interval**  

Estimated total number of moose 719  681-773  
Adult bulls  155  146-170  
Adult cows  309  293-339  
Yearlings 94 87-107  
Calves 158  149-176  
   
Density of moose (per 1,000 km 2)   
Entire area 144  136-154  
Moose habitat only***  153  144-164  

* The sum of the estimated numbers of adult bulls, adult cows, yearlings, and calves is slightly different 
than the estimated total number of moose in the study area because we rounded off estimates from 
individual survey blocks in the compositional analysis to estimate numbers in each age and sex 
category of moose. 
ʁʁ ! ʦɈȿˡ ŊƩƞŰŽőŘƞŊŘ ŽƞǣŘǏȂĬƓʧ ƜŘĬƞǗ ǣŸĬǣʆ ŉĬǗŘő Ʃƞ ƩǫǏ ǗǫǏȂŘȉ ǏŘǗǫƓǣǗʆ ȃŘ ĬǏŘ Ɉȿˡ ǗǫǏŘ ǣŸĬǣ ǣŸŘ ǣǏǫŘ 
number lies within this range. Our best estimate is near the middle (at the median) of this range. 
*** Suitable moose habitat is considered to be all areas at elevations lower than 1,524 m (5,000 ft.), 
excluding water bodies 0.5 km 2 or greater in size. 
 
 
 
The estimated density of moose in the entire 
survey area was 144 per 1,000 km², or 153 per 
1,000 km² of suitable moose habitat (Table 2). 
This is low to moderate compared to the range of 
typical Yukon moose densities of 100-250 moose 
per 1,000 km² of suitable habitat (Environment 
Yukon 2016).
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Table 3.  Estimated composition of the moose population in the Mayo Moose Management Unit survey area in 
October-November 2017. 

 Best Estimate  Estimates within 90% 
confidence interval*  

% Adult bulls  22% 21-22% 
% Adult cows  43% 42-44% 
% Yearlings 13% 12-14% 
% Calves 22% 21-23% 
   
Adult bulls per 100 adult cows  50 48-53 
Yearlings per 100 adult cows  30 28-34 
Yearlings per 100 adults (recruitment 

rate) 
17 16-18 

Calves per 100 adult cows  51 49-54 
% of cow -calf groups with twins  14% 12-15% 

ʁ ! ʦɈȿˡ ŊƩƞŰŽőŘƞŊŘ ŽƞǣŘǏȂĬƓʧ ƜŘĬƞǗ ǣŸĬǣʆ ŉĬǗŘő Ʃƞ ƩǫǏ ǗǫǏȂŘȉ ǏŘǗǫƓǣǗʆ ȃŘ ĬǏŘ Ɉȿˡ ǗǫǏŘ ǣŸĬǣ ǣŸŘ ǣǏǫŘ 
number lies within this range, and that our best estimate is near the middle (at the median) of this 
range. 
 

Ages  and sexes of moose  
 
We found that habitat type affected the 
distribution of different age and sex groups of 
moose. Specifically, we saw more adult bulls in 
survey blocks with a higher percentage of 
subalpine shrub habitat, whereas young bulls and 
cow-calf pairs tended to be found more in lower 
altitude shrubby habitats (details in Appendix 1). 
We used these relationships to estimate the 
composition of the moose population by age and 
sex in the survey area and account for this 
observed bias (Table 3). 

Our survey results indicate that survival of 
calves and yearling moose in the survey area in 
2016 and 2017 was above average compared to 
other areas surveyed in the territory. We 
estimated there were 51 calves and 30 yearlings 
for every 100 adult cows in the po pulation (Table 
3), whereas Yukon averages are 29 calves and 18 
yearlings per 100 adult cows (Environment Yukon 
2016). However, estimates of recruitment from 
one survey are snapshots in time and survival 

varies from year to year. Survival of moose calves 
in this area was also good in 2006 and 2011, 
based on our last two censuses (Ward et al. 
ɁȿȿɅʆ ¼ʩDƩƞƩűŸǫŘ Řǣ ĬƓʋ ɁȿɀɁʙʋ  

We estimated that there were 50 adult bulls 
for every 100 adult cows in the survey area 
(Table 3). This is lower than the Yukon average of 
64 bulls per 100 adult cows, but above the 
minimum level of 30 bulls per 100 cows 
recommended in the Science-based Guidelines 
for Management of Moose in Yukon (Environment 
Yukon 2016). 
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Table 4 Comparison of the results of the 2006, 2011, and 2017 early -winter moose surveys in the Mayo 
Moose Management Unit survey area in November 2017. 

 2006  2011  2017  

Estimated total number of moose 1,061  816  719  
Adult bulls  225  166  155  
Adult cows  571  408  309  
Yearlings 52 80 94 
Calves 213  162  158  
    
Adult bulls per 100 adult cows  43 41 50 
Yearlings per 100 adult cows  10 20 30 
Calves per 100 adult cows  36 40 51 
    
Density of moose (per 1,000 km 2)    
   Entire area 212  163  144  
   Moose habitat only*  225  173  153  

* Suitable moose habitat is considered to be all areas at elevations lower than 1,524 m (5,000 ft.), 
excluding water bodies 0.5 km 2 or greater in size. 
 
 

Moose population trends  
Our moose census results from 2006, 2011,  and 
2017 indicate that there has been a declining 
trend in densities of moose in the Mayo Moose 
Management Unit during that 11 -year period 
(Table 4, Fig. 6). The decline in most pronounced 
in adults, both bulls and cows. This is consistent 
with observatio ns from interviews of local 
residents of declining numbers of moose, number 
of bulls, and population health during the past 
őŘŊĬőŘ ʘ¼ʩDƩƞƩűŸǫŘ Ɂȿɀɇʙʋ 

Survival of calves and yearlings, as 
measured by numbers per 100 cows, showed 
increasing trends between 20 06 and 2017 (Table 
4). 

Harvest  
Before calculating a sustainable harvest for the 
Mayo area, we needed to estimate the moose 
population for the entire Mayo Moose 
Management Unit, including unsurveyed areas 

(Fig. 1). We used the final model relating moose 
abundance to habitat characteristics in our survey 
area to predict moose numbers in the areas we 
did not survey. The extended areas have a higher 
percentage of subalpine habitat and less closed 
lowland forest, so overall predicted de nsities of 
moose were higher than in the surveyed blocks 
(Fig. 7). 
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Figure 6 Trends in numbers (with 90% confidence intervals) of total moose, adult cows, and adult bulls, 
based on surveys in the Mayo Moose Management Unit in 2006, 2011, and 2017.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 












