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Background and summary

Concern has arisen in recent yeaver widespread declines of North American mod@degs

alceg populationsalong the southereixtent of their range Populations in Montarappear to
havedecl i ned since the 19906s, as evidenced by
While declining populations have clear implications for hunting opportunity, moose hunting in
Montana also suffers from a lack of rigorous datth which to monitor population trends and

prescribe managemeactiors.

In 2013,Montana Fish, Wildlife, & P&s (MFWP) began a 1@ear study designed to improve

our understanding of: Dosteffective means to monitor statewide moose populatomd?) the
current statusnd trends of moose populaticansd the relative importance of factors influencing
moose vial rates and limiting population growgimcluding predators, parasites, habitat, and
weathe). Weare usinga 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 annugrbowth of moose populations.

This document is théthannual report produced as part of this work. This regmntains
preliminary results frona subset of our work, includimgcent efforts tanonitor moose with
patch occupancy modeling of hunter sightings dagawvell as results from the fil3biological
years of moose research andnitoring. 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 agpto@athering
statewide dta To date, we have collected >4,300 statewide moose sighting locations per year
during 20122015 through the addition of questions about moose to big game hunters during
annual hunter phone surveys. Initial occupancy modeling revealed an approxbbétel
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 acro$200%2though
analyses are ongoing and results are subject to clp@mgengmorerealisticmodels.

Moose vital rates measured with radaiollar studies currently indicate stable to increasing
population trends i study areas (Cabindtisherand Rocky Mountain Front) and a declining
population trend in th8"™ study area (Big Hole Vidy). 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 i@ppear lowest in the Cabinet
Fisher study areahough these rates have relatively less influemcéhe overall trajectory of the
population The averagenggnancy ratef adults across these study aregd€4) issomewhat
low relative to the NortiAmerican average (84%dut not necessarily unlikddt observed in
other Shiras moose populatior®uring the past year we also began a remote cabzesed
study of multispecies predator occupancy among study areas and yarstoring ofmoose
vital rates as well as potential limiting factors (predlatidiseaseand nutrition) will continue for
the remainder of this 1Qear study.
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Web site We refer readers to our project website for additional information, reports,
publications, photos and videdSo tofwp.mt.gov.Cl i ck on t he AFish & Wil
topé then near the bottom right click on AWl

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 (20152016)

For the 205-2016field season of this moose study, the primary objectivers
1) Continue to evaluatmoose monitoring data and techniques
2) Monitor vital rates and limiting factors of moose in three study areas.

Objective #1:Moose monitoring methods

1.1.Calibrating existing moose monitoring data

A preliminary version of thisesearch component was includagrevious annual repa{2014,
2015. A peerreviewed manuscript describing this work was accepted for publication within the
Wildlife Society Bulletin during 2016 t iCalibratidg minimum counts and catch per unit

effort as ndices of moose population trendBelow 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 indicessamed 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 yearsi(2988) to assess

population trends, drivers of uncertaimtiyout those trends, and the relationship between aerial

counts and hunter catgterunit-effort (CPUE). We found a great deal of statistical uncertainty
surrounding population trends of moose measured with aerial mirirowmt data, despite time

series aveaging >15 annual counts/district. Staf@gace models of coublased trends suggested

declining populations in 11 of 16 districts, yet 95% credible intervals overlapped 0O in all cases.

The precision of couftbased trends improved with increases in the muralh years spanned by

the time sePked. 001l1F BOdO@Yerage number of mo
10.0006,P = 0.002). Calibration of CPUE with count data showed positive correlations in only 5

of 16 (31%) districts and a catchabiltyexpe nt (b) significantly <1. -
poor | evel of agreement between these 2 indic
declines measured by aerial counts were not reflected by proportionate declines in CPUE.
Additionally, longterm 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.
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1.2.Monitoring moose with sighting rates andpatch occupancy modeahg

Occupancy modelingllows biologists taestimate the spatial distributions of animals and trends
of such over time, whileontroling for variation in the probability of detection that can
confound many sources of spatial ddfcKenzie et al. 2002, 2003Because it does not

require marked animalsccupancy modeling lends itself well to data collected by various
means, including citizen science data collected by the general fidbébachka et al. 2012, van
Strien et al. 2013) For examplehunter sightings data have recently been used to monitor
statewide populations of bobcats in New Hamps{htahard et al. 2016 nd wolves in Montana
(Rich et al. 2013) Rich et al.(2013)estimatednolf occupancy models by collecting hunter
sightings of wolves and subdividiigem into sampling sessions according to each week of the
five-week hunting season. During 202215 we have similarly collected hunter sightings data
for moose, with the intention of evaluating the potential for using occupancy modeling to
monitor statewde 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
2012 2015 hunting ®asons, a subsample of these hunters were also asked to describe the
location and group size of any moose sightings that occurred while hunting. These effort
resulted in an average of >4,38@tewide moose sighting locatigmsr year, durin@012 2015,

with approximatelyof 15% ofsampledhunters reporting at least one moose sighting (Figjure

We are currently buildingccupancy models tfiit these data, but have conducted initial analyses
to assess baseline levels of occupancy and the probabitistedtion by hunters.
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Figure 1. Moose sightings collected using phone surveys of deer and elk hunterd @mixd10
km grid for sampling statewide occupancy during the fall, 22025, 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 regatsctapancy. 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 dlesize, we estimated the cumulative probability of detection across grid
cell sizes ranging from 16 Knfi.e., 4 x 4 km) up to 400 Knfi.e., 20 x 20 km) for the first two

years of data, 2012013. This aalysis revealed 3 possible grid cell sizes (88 and 10x10)

that would produce cumulative probabilities of detection within this réfaggire 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 nea#0.95 across ye@a of monitoring.

1.00 Figure 2. Variation in the
cumulative probability of
detecting moose with hunter
sightings within grid cells of
varying size across Montana,
2012 2013 The yellow shaded
area represents the targeted
level 0f0.85 0.95, and the dotted
line marks our selected size of
100kn4 for future monitoring
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We evaluated initial patterns of occupancy and probability of detection over the 4 years of study.
Changes in the number of hunters contacted (and resultinglisi)pear to induce a change in

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

underlying estimates of moose occupanaya@ed consistent across years, with overlapping
confidence intervalef the mean occupancy per cefluture analyses will assess spatial variation

in occupancy across years as well as covariates predictive of rates of occupancy and detection.
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} Figure 3. Annual estimates of the average rate
04 { } of occupancy by moose per 100%grid cell as
well as the weekly probability of detection
within each week of thewseek general hunting
03 | season, Montana, 2012015.
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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 asstimation ofpopulationgrowth rategDeCesare et al. 2012, Monteith et al.
2014b) In May, 2016 we reached the end of otlnird complete biological year of monitoring
since beginning the study. Below we summarize the resudteioil captures, monitoring of
vital rates, and monitoring of limiting factors as components of our research into moose
population dynamics over timeSpecifically, we smmarize vital rate estimates (adult female
survival, calf survival, pregnancy) for thiest two biologicalyears Researchers in other areas
have found important effects of each of these vital rates opmse dynamicéBerger et al.
1999, Keech et al. 2000, Lenarz et al. 2010, Sivertsen et al.,2B0)aseline estimates of
each will beimportant for understanding dynamics in Montana.

This research project is designed to provide infereresgarding moose population dynamics
using a comparative study design. This involves replicating field methadsltile study areas
that contrast in the hypothesized ecological drivers of intéfggpires 4, 6). Monitoring moose

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

Nutritional !
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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 Februaryof 2016 we worked with a contracted helicopter tap company (Quicksilver Air)

and local landowne® conduct captures and increase the sample of monitored moose. A total of
10 adult females were captureddrofthe 3 study areas 2016, with the goal ofmaintaining 30
collared animals in each arddoose were fit with @Sradio-collars(Lotek LifeCycle and

Vectronic Survey Globalstar)During 20182016 a total of111 adult female moose have been
captured and radioarked, and as of August 1, B)B0 arecurrentlybeing monitored (Tabl,
Figuresb,6). A target sample size of 30 individuals/study aieesoughtachievemoderate

precision in ageelass specific annual survival estimates, while minimizing capture and
monitoring costs.

Table 1. Sample sizes oadio-markedadult female moose by study aread year excluding
capturerelated mortalities, and theumber of adult females being monitored as of AyQadb.

Study Area

CabinetFisher  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
Moosecurrently oiiair o5 o5 30 80

(082016)

T e e S

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. Moosewinter capture locations during 2012015 across 3 study areas in Montana.
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2.3. Monitoring vital rates

2.3.1. Adult female survival iOur study of adulfemalesurvival to date includek05 radio-
collared adult female moose, withstaggeree@ntrydesignof individualsenteringinto the study
acrosgd winter capture seasorsge2.2 Animal capure and handling) Animals have been
deployed with both VHFN=67) and GPSN=38) collars, with mean survival monitoring
intervals of 1.9 days and X days, respectively.For this analysisve estimated KaplaiMeier
annualsurvival rates for each studyeaduring each biological year as well as across the 3
biological years pooled together.

Pooled annual survival estimates for each study areaG@38 (SE=0.029, 95%
CI=[0.88,0.99]) in the Cabinefisher, 0.819 (SE=0.044, 95% CI=[0.74,0.91]) in thg Bole
Valley, and 0.970 (SE=0.021, 95% CI=[0.93,1.0]) on the Rocky Mountain Front (Figure
Nonoverlapping confidence intervals suggest thartual adult survival in the Big Hole Valley
Is significantly lower than that on the Rocky Mountain Front

Adult female survival
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Figure 7. Kaplan-Meier estimates ainnualadult fenale survival within each study,
where bolded lines are pooled estimates across 3 biological years for each study
and thin lines are annual estimates for each study area and Meatang 2013 2015
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During the first 3 biological years of monitoringe have documentétd mortalities of collared
adult moose across all study aréas the CabineFisher, % in the Big HoleValleyand 2 n
the Rocky Mountain Fror{fTable2). The Big Hole has experienced relativdligh mortality
due to disease dwealthrelatedcausegFigure8). Ongoing research will attempt to better
understand the causes and consequencessstiortaliies

Table 2. Numbers of mortalities by cause for radiollared adult female moose documented
during February 2018June2016, Montana.

Cause of Mortality Study area
CabinetFisher Big Hole Valley Rocky Mountain Front

Healthrelated N 1 13 0

(e.g., disease analnutrition)

Hunter harvest 0 1 0

Poaching 0 0 1

Predation, wolf 3 0 1

Unknown 1 0 0

Figure 8. An example healtrelated mortality site of F334 in the Big Hole study area, 20
Cause of death was not determined with certainty, but appeared acute given good nut
condition. A high load of arterial worms (Elaeophora schneideri) was founchwnay have
been a mortality factor.
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