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Background and summary 
 

Concern has arisen in recent years over widespread declines of North American moose (Alces 
alces) populations along the southern extent of their range.   Populations in Montana appear to 

have declined since the 1990ôs, as evidenced by aerial survey trends and hunter harvest statistics.  
While declining populations have clear implications for hunting opportunity, moose hunting in 
Montana also suffers from a lack of rigorous data with which to monitor population trends and 

prescribe management actions.   
 

In 2013, Montana Fish, Wildlife, & Parks (MFWP) began a 10-year study designed to improve 
our understanding of: 1) cost-effective means to monitor statewide moose populations, and 2) the 
current status and trends of moose populations and the relative importance of factors influencing 

moose vital rates and limiting population growth (including predators, parasites, habitat, and 
weather).  We are using a mechanistic approach to hierarchically assess which factors are drivers 

of moose vital rates (e.g., adult survival, pregnancy, calf survival), and ultimately which factors 
are most important to annual growth of moose populations. 
 

This document is the 4th annual report produced as part of this work.  This report contains 
preliminary results from a subset of our work, including recent efforts to monitor moose with 

patch occupancy modeling of hunter sightings data, as well as results from the first 3 biological 
years of moose research and monitoring.  All results should be considered preliminary as both 
data collection and analyses are works in progress.   

 
Monitoring moose with hunter observations may offer a promising new approach to gathering 

statewide data.  To date, we have collected >4,300 statewide moose sighting locations per year  
during 2012ï2015 through the addition of questions about moose to big game hunters during 
annual hunter phone surveys.  Initial occupancy modeling revealed an approximately 95% 

probability of detecting moose within a given 10 x 10 km grid cell across the statewide 
distribution of moose.  No trend in statewide occupancy was evident across 2012ï2015, though 

analyses are ongoing and results are subject to change pending more realistic models. 
 
Moose vital rates measured with radio-collar studies currently indicate stable to increasing 

population trends in 2 study areas (Cabinet-Fisher and Rocky Mountain Front) and a declining 
population trend in the 3rd study area (Big Hole Valley).  These estimated trends are largely 

driven by differences in adult female survival rates, which are relatively high in the first two 
areas and low in the third.  To the contrary, calf survival rates appear lowest in the Cabinet-
Fisher study area, though these rates have relatively less influence on the overall trajectory of the 

population.  The average pregnancy rate of adults across these study areas (81%) is somewhat 
low relative to the North American average (84%), but not necessarily unlike that observed in 

other Shiras moose populations.  During the past year we also began a remote camera-based 
study of multi-species predator occupancy among study areas and years.  Monitoring of moose 
vital rates as well as potential limiting factors (predation, disease, and nutrition) will continue for 

the remainder of this 10-year study. 
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Web site:  We refer readers to our project website for additional information, reports, 
publications, photos and videos. Go to fwp.mt.gov. Click on the ñFish & Wildlifeò tab at the 

topé then near the bottom right click on ñWildlife Researchòé and follow links for ñMooseò. 

 

Location 
Moose vital rate research is focused primarily within Beaverhead, Lincoln, Pondera, and Teton 

counties, Montana.  Other portions of monitoring (e.g., genetic and parasite sampling) involve 
sampling moose from across their statewide distribution. 

 

Study Objectives (2015-2016) 
For the 2015-2016 field season of this moose study, the primary objectives were;  

1) Continue to evaluate moose monitoring data and techniques. 
2) Monitor vital rates and limiting factors of moose in three study areas. 

 

Objective #1: Moose monitoring methods 

 
1.1. Calibrat ing existing moose monitoring data  

 

A preliminary version of this research component was included in previous annual reports (2014, 
2015).  A peer-reviewed manuscript describing this work was accepted for publication within the 
Wildlife Society Bulletin during 2016, titled ñCalibrating minimum counts and catch per unit 

effort as indices of moose population trend.ò  Below is the study Abstract, and .pdf copies of the 
final manuscript will be available on our website when published during fall, 2016: 

 
Abstract:  Monitoring wildlife population trends often involves indices assumed to correlate in 
proportion to abundance. We used aerial count data and harvest statistics for moose (Alces alces) 

populations in 16 hunting districts of Montana, USA, spanning 32 years (1983ï2014) to assess 
population trends, drivers of uncertainty about those trends, and the relationship between aerial 

counts and hunter catch-per-unit-effort (CPUE). We found a great deal of statistical uncertainty 
surrounding population trends of moose measured with aerial minimum-count data, despite time 
series averaging >15 annual counts/district. State-space models of count-based trends suggested 

declining populations in 11 of 16 districts, yet 95% credible intervals overlapped 0 in all cases. 
The precision of count-based trends improved with increases in the number of years spanned by 

the time series (ɓ = ī0.003, P < 0.001) and average number of moose counted per survey (ɓ = 
ī0.0006, P = 0.002). Calibration of CPUE with count data showed positive correlations in only 5 
of 16 (31%) districts and a catchability exponent (ɓ) significantly <1. This indicated a generally 

poor level of agreement between these 2 indices, and evidence of óhyperstability,ô wherein 
declines measured by aerial counts were not reflected by proportionate declines in CPUE. 

Additionally, long-term trends measured with CPUE were not correlated to those in aerial counts 
(P = 0.61). We encourage explicit attention to the precision of trend estimates and local 
calibration of population indices to ensure both positive and proportionate relationships to 

underlying patterns of abundance.   
 

 
  

http://fwp.mt.gov/
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1.2. Monitoring moose with sighting rates and patch occupancy modeling 

 

Occupancy modeling allows biologists to estimate the spatial distributions of animals and trends 
of such over time, while controlling for variation in the probability of detection that can 

confound many sources of spatial data (MacKenzie et al. 2002, 2003).  Because it does not 
require marked animals, occupancy modeling lends itself well to data collected by various 
means, including citizen science data collected by the general public (Hochachka et al. 2012, van 

Strien et al. 2013).  For example, hunter sightings data have recently been used to monitor 
statewide populations of bobcats in New Hampshire (Mahard et al. 2016) and wolves in Montana 

(Rich et al. 2013).  Rich et al. (2013) estimated wolf occupancy models by collecting hunter 
sightings of wolves and subdividing them into sampling sessions according to each week of the 
five-week hunting season.  During 2012ï2015 we have similarly collected hunter sightings data 

for moose, with the intention of evaluating the potential for using occupancy modeling to 
monitor statewide trends in moose presence and distribution. 

 
Each year MFWP conducts phone surveys of a large sample of resident deer and elk hunters in 
Montana to facilitate estimation of various hunter harvest and effort statistics.  Following the 

2012ï2015 hunting seasons, a subsample of these hunters were also asked to describe the 
location and group size of any moose sightings that occurred while hunting.  These efforts 

resulted in an average of >4,300 statewide moose sighting locations per year, during 2012ï2015, 
with approximately of 15% of sampled hunters reporting at least one moose sighting (Figure 1).  
We are currently building occupancy models to fit  these data, but have conducted initial analyses 

to assess baseline levels of occupancy and the probability of detection by hunters.   
 

 
Figure 1. Moose sightings collected using phone surveys of deer and elk hunters and a 10 x 10 

km grid for sampling statewide occupancy during the fall, 2012ï2015, Montana 
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A first step towards translating sightings data into measures of occupancy is identifying a 
suitable resolution of grid cell size within which to compile sightings.  Smaller grid cell sizes 

increase the spatial resolution of model predictions with regards to occupancy.  However, given a 
finite amount of data, the probability of detecting moose also decreases within a given grid cell 

as cell size decreases.  To optimize the balance between cost and model precision,  MacKenzie 
and Royle (2005) recommended that methods should achieve a cumulative probability between 
0.85 to 0.95 of detecting a given species across all sampling sessions, given that it is present.  To 

select an optimal grid cell size, we estimated the cumulative probability of detection across grid 
cell sizes ranging from 16 km2 (i.e., 4 x 4 km) up to 400 km2 (i.e., 20 x 20 km) for the first two 

years of data, 2012ï2013.  This analysis revealed 3 possible grid cell sizes (8x8, 9x9 and 10x10) 
that would produce cumulative probabilities of detection within this range (Figure 2).  We then 
selected 10 x 10, or 100 km2, as a conservative grid cell size to achieve a mean cumulative 

probability of detection at or near p=0.95 across years of monitoring. 
 

Figure 2. Variation in the 
cumulative probability of 
detecting moose with hunter 

sightings within grid cells of 
varying size across Montana, 

2012ï2013.  The yellow shaded 
area represents the targeted 
level of 0.85ï0.95, and the dotted 

line marks our selected size of 
100km2 for future monitoring. 

 
 

 
We evaluated initial patterns of occupancy and probability of detection over the 4 years of study.  
Changes in the number of hunters contacted (and resulting cost) did appear to induce a change in 

the probability of detection, with 2012 being both the most expensive year and that with the 
highest probability of detection (Figure 3).  However, despite varying sampling effort, 

underlying estimates of moose occupancy remained consistent across years, with overlapping 
confidence intervals of the mean occupancy per cell.  Future analyses will assess spatial variation 
in occupancy across years as well as covariates predictive of rates of occupancy and detection. 

 

 

Figure 3. Annual estimates of the average rate 
of occupancy by moose per 100 km2 grid cell as 
well as the weekly probability of detection 

within each week of the 5-week general hunting 
season, Montana, 2012ï2015. 
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Objective #2: Monitor moose vital rates and potential limiting factors 
 

2.1. Background 

The study of vital rates allows important mechanistic insight into the factors driving population 

dynamics as well as estimation of population growth rates (DeCesare et al. 2012, Monteith et al. 
2014b).  In May, 2016 we reached the end of our third complete biological year of monitoring 
since beginning the study.  Below we summarize the results of animal captures, monitoring of 

vital rates, and monitoring of limiting factors as components of our research into moose 
population dynamics over time.  Specifically, we summarize vital rate estimates (adult female 

survival, calf survival, pregnancy) for the first two biological years.  Researchers in other areas 
have found important effects of each of these vital rates upon moose dynamics (Berger et al. 
1999, Keech et al. 2000, Lenarz et al. 2010, Sivertsen et al. 2012), thus baseline estimates of 

each will be important for understanding dynamics in Montana. 
 

This research project is designed to provide inferences regarding moose population dynamics 
using a comparative study design. This involves replicating field methods at multiple study areas 
that contrast in the hypothesized ecological drivers of interest (Figures 4, 6).  Monitoring moose 

vital rates, concurrently with potential limiting factors, will allow assessment of the importance 
of specific vital rates to population growth and the factors influencing those vital rates.  

 
 

 
Figure 4. Ecological drivers hypothesized to influence specific moose population vital rates and 

ultimately population growth. 
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2.2. Animal capture and handling 

In February of 2016 we worked with a contracted helicopter capture company (Quicksilver Air) 

and local landowners to conduct captures and increase the sample of monitored moose. A total of 
10 adult females were captured in 2 of the 3 study areas in 2016, with the goal of maintaining 30 

collared animals in each area. Moose were fit with GPS radio-collars (Lotek LifeCycle and 
Vectronic Survey Globalstar).  During 2013ï2016 a total of 111 adult female moose have been 
captured and radio-marked, and as of August 1, 2016, 80 are currently being monitored (Table 1, 

Figures 5,6).  A target sample size of 30 individuals/study area is sought achieve moderate 
precision in age-class specific annual survival estimates, while minimizing capture and 

monitoring costs.     
 

Table 1. Sample sizes of radio-marked adult female moose by study area and year, excluding 

capture-related mortalities, and the number of adult females being monitored as of August, 2016.  

    Study Area    

  Cabinet-Fisher Big Hole Valley Rocky Mtn Front Total 

2013 captures 11 12 11 34 

2014 captures 7 20 8 35 
2015 captures 13 6 7 26 
2016 captures 0 4 6 10 

Total captures 31 42 32 105 

Moose currently onïair 
(08/2016) 

25 25 30 80 

 
 
 

  

Figure 5. Helicopter darting (left) and handling (right) of moose F342 in the Big Hole Valley 

study area, February 2016. 
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Figure 6. Moose winter capture locations during 2013ï2015 across 3 study areas in Montana. 

  

A) 
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2.3. Monitoring vital rates 

 

2.3.1. Adult female survival.ïï Our study of adult female survival to date includes 105 radio-
collared adult female moose, with a staggered-entry design of individuals entering into the study 

across 4 winter capture seasons (see 2.2 Animal capture and handling).  Animals have been 
deployed with both VHF (N=67) and GPS (N=38) collars, with mean survival monitoring 
intervals of 11.9 days and 1.4 days, respectively.  For this analysis we estimated Kaplan-Meier 

annual survival rates for each study area during each biological year as well as across the 3 
biological years pooled together. 

 
Pooled annual survival estimates for each study area were 0.935 (SE=0.029, 95% 
CI=[0.88,0.99]) in the Cabinet-Fisher, 0.819 (SE=0.044, 95% CI=[0.74,0.91]) in the Big Hole 

Valley, and 0.970  (SE=0.021, 95% CI=[0.93,1.0]) on the Rocky Mountain Front (Figure 7).  
Non-overlapping confidence intervals suggest that annual adult survival in the Big Hole Valley 

is significantly lower than that on the Rocky Mountain Front.   
 

 

Figure 7.  Kaplan-Meier estimates of annual adult female survival within each study, 

where bolded lines are pooled estimates across 3 biological years for each study area 
and thin lines are annual estimates for each study area and year, Montana, 2013ï2015.  

 

0.97 
 0.94 
 
0.82 
 

Adult female survival 
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During the first 3 biological years of monitoring, we have documented 21 mortalities of collared 
adult moose across all study areas: 5 in the Cabinet-Fisher, 14 in the Big Hole Valley and 2 in 

the Rocky Mountain Front (Table 2).  The Big Hole has experienced relatively high mortality 
due to disease or health-related causes (Figure 8). Ongoing research will attempt to better 

understand the causes and consequences of these mortalities. 
 
Table 2.  Numbers of mortalities by cause for radio-collared adult female moose documented 

during February 2013ïJune 2016, Montana. 

Cause of Mortality 
Study area 

Cabinet-Fisher Big Hole Valley Rocky Mountain Front 

Health-related  
(e.g., disease or malnutrition) 

1 13 0 

Hunter harvest 0 1 0 

Poaching 0 0 1 

Predation, wolf 3 0 1 

Unknown 1 0 0 

 

 Figure 8. An example health-related mortality site of F334 in the Big Hole study area, 2015.    

Cause of death was not determined with certainty, but appeared acute given good nutritional 
condition.  A high load of arterial worms (Elaeophora schneideri) was found which may have 
been a mortality factor. 


