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Mo

e 4 subspecies in North America

O Western Moose

A. a. gigas

A. a. americana

A. a. andersoni

A. a. shirasi




— Black bears

www.firstpeople.us

— Wolves




tenuis

Winter tick

Dermacentor albipictus

Liver fluke

Fascioloides magna




Northw

Population crash — we use
but by the 1990’s, things started to change.......
e Stopped hunting in 1997
* Habitat management efforts
e Radiocollared (VHF) adult mortality study, 1995-2000
e Climate change correlation
e Health related (liver flukes and brainworm)
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Presenter
Presentation Notes
Use smoothed line graph instead  - talk about peak ~4000 in animals, less than 100 today – chronic malnutrition, flukes, some p. tenuis, low pregancy rates, high calf survival, low adult survival
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Presentation Notes
116 collared - ~55 males, 61 females








Average Adult Non-Hunting Mortality

Alaska & Canada 8—-12%

Northwestern Minnesota 21% (16-26%) (1995-2000)

Northeastern Minnesota 21% (5-35%) (2002-2008)
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Survey Confidence (C:I?)IL % Calves v/:! f;’xz %:;LL
Interval

2005 609011410 052 | 19 | 9 | 1.04 |
2006
2007
2008
2009 | 7,840 [6.270-10.040] 032 [ 14 | 2 [ 094 |
2010
2011
2012 | 4230 |3250-5710 | 036 | 15 | 6 | 1.08 |
2013
2014
| 2015 | 3450 | 2610-4770 | 029 | 13 | 3 | 0.99 |




Nutritional Restriction?

Predator Pressure?

Disease and Parasites?
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)ose disappear.....
nnesota icon in peril,
but other states/provinces are losing moose, too.

Minn. sees steep decline in young moose population -_ ]
September 27, 2013 Disappearing North American Moose Alarm Scientists

€he New Pork Times

Environment Thanks To Parasites, Moose Are Looking More Like Ghosts

WORLD | U.8. | N.Y./REGION | BUSINESS TECHNOLOGY SCIENCE HEALTH | SH

ENVIROHMENT SP

Climate change, ticks claiming moose in New

Moose Die-Off Alarms Scientists

' Hampshire

VFR News 5:00 PM FRIOCTOBER 18, 2

. . October 15, 2013
Vermont Steps Up Moose M0n|t0r|ng MN moose population continues to decline IS Cllmate Change to Blame fOI‘ Moose

Decline?

EDITCRIAL

The Disappearing Moose

By THE EDITORIAL BOARD
Published: October 18, 2013

US moose decline not mirrored in Ontario or Quebec

But decline in population in Outaouais leads Quebec to limit tags as hunting season begins
CBC News Posted: Oct 18, 2012 5:00 AMET | Last Updated: Oct 16, 2013 7:27T AM ET

States Initiating Research on Moose Declines; Minnesota Halts
Hunt

'Moose die-off' not seen in Yukon, where populations stable
iple moose populations declining across U.S.

Montana’ Wyoming investigate 127:40 PMCT | Last Updsted: Oct 16, 20123 7:58 FM CT
plummeting moose populations

Minn. moose study examines declining populations






Presenter
Presentation Notes
http://www.dnr.state.mn.us/moose/index.html
Play CBS-NY coverage.




e Maintain sample size of
100 radiocollared moose
for 23 yrs, 2013-2015
(collars will last 4-5 yrs),

e Respond <24 hrs of death

— Extract whole carcass

— Preform field necrospy



Presenter
Presentation Notes
$1.2 million dollar project funded by ENTRF and MN DNR (2012-14)
Year 1: Capture 100 moose, Jan-Feb 2013 (plus 10 for collaborative project with J. Forester)
Iridium GPS collars (Vectronics Aerospace)
Screen for a wide variety of diseases 
Assess nutritional status of study animals at capture and population overall (via snow urine collections)
Collars will send text messages  to smartphones when moose has died
Mortality Implant Transmitters (MITs), a pilot
Field investigation within 24 hours of death by trained staff; extract entire intact carcass if possible
Maintain sample size at 100 for 3 years; collars could last 4-5years



phone can access full
data record for individual
moose w/mapping

e |nitial assessment of field
logistic can be done in the palm
of your hand!

*A mortality team will be on-call 24/7, 365 day/year!
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Presentation Notes
Find Vectronics collar in bin photo


* Record internal body temperature and

internal “activity” (not true heart rate)
e Send instant text message notification

of death (versus waiting 6hr for collar notification)
e Help us understand a moose’s physiological
response to ambient temperature
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e MIT in the moose’s




e Yearl
— 4ca
— Mean
— 83% pre
— 28 MITs de

* Year2(2014): 36
— Includes 5 recaptur
— 3 capture-related mortali
— Mean age = 5.6yrs (n=30)
— 77% pregnhancy rate
— 30 MITs deployed; 12 spit out

* Year 3(2015): 32 captured (20F, 12M)

— Includes 1 recaptured moose with bad collar
— 5 captured-related mortalities (15.6%)

— 89% pregnancy rate

— 23 MITs deployed; 3 spit out

e Total unique individuals in study = 168
* Total MITs successfully deployed = 61
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health

Wolf kill, 11

Wolf kill (likely), 5

Brainworm,
Brainworm (likely), 1 3

Trauma/Accident, 2




Timing of Adu pose Mortalities

(n = 40; Feb 2013 - June 2015)
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Wo

5 moos
could ha
predation
— Brain lesion

— Observed with
presumed to be P.

— Confirmed P. Tenuis infectio

— Leg injury and wounds on rump

4 moose were totally scavenged, unable
to collect much for diagnostics

7 moose were partially scavenged,
samples did not point to any clear
underlying health condition or results
are still pending



Presenter
Presentation Notes
2 moose had predisposing conditions; 1) one had a lesion in the brain & mild encephalitis, Anibal not sure what this means; 2) Amanda moose; dislocated shoulder and predator wound on rump, seen alive and sick 2 hours before wolves killed her
 
2 moose were totally scavenged by the time we got there and we were unable to collect much of anything for diagnostics; mort notification delayed due to aggressive feeding on the carcass by wolves
 
3 moose were partially scavenged and the samples that were submitted didn’t point to any predisposing health conditions
 
1 moose was partially scavenged and the full necropsy results are still pending, so not yet sure if had any predisposing conditions.
 



ealth-related
2 yrs (¥1.1), n =15,
ages

I

ean age of wolf-related
deaths: 7.1 yrs (¥1.0), n =17,
missing 2 ages

Number of Moose
w

N
|

Young Moose (<3): 8 (5W, 3H)
Prime Moose (4-7): 8 (4W, 4H)
Old Moose (=8): 16 (8W, 8H)

=

Moose Age (years)
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Presentation Notes
Wolf injury moose, were 3, 4, 10, and pending.
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S
for wide

e illness screening (Univ
of MIN collaboration)

Neospora testing (USDA-ARS
collaboration)

WNYV, EEE, WEE, and MCF PCR

Collected metagenomics samples
on “unknown deaths”

Banking nearly every sample we
can justify!



Presenter
Presentation Notes
Mosquito born diseases
MCF- malignant cattarhal fever – NOT the Wildebeast strain… 
Metagenomics – doing genetic testing looking for any novelties that aren’t currently in the big database on knowns.
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Impact of liver flukes?
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sting (JP Dubey,
ments (James

agenomics (Kelly Wrighton, Ohio
State Univ)

Fecal microbiome (Amy Kingsley, UMN)
EEE vectors (Amy Kingsley, UMN)
Thiamine deficiency (Dr. Don Tillitt, USGS)

Hair cortisol and long term stress (Tiffany
Wolf, MN Zoo)

Moose genetics (Jared Strasburg, UMD)

Moose virome (Kevin Keel, UC-Davis)



Presenter
Presentation Notes
Mosquito born diseases
MCF- malignant cattarhal fever – NOT the Wildebeast strain… 
Metagenomics – doing genetic testing looking for any novelties that aren’t currently in the big database on knowns.


Movement acti
from 7-26 to 7-28.

618m run to
northeast between
7:30am and
11:45am on 28-July

Mort site is
indicated by red
square.

Moose was killed
by wolves.



Presenter
Presentation Notes
Add photo of summer wolf kill 12491


Body Temperature[F]
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11:16am, 28-Jul 2d a sharp

Same time
period the
moose was being
chased by
wolves.

At time of mort
notification, body
temperature was
102.2F (1:32 PM)
and declining.




Movement activity just prior to death; 11-July to 15-July.

Note the >400m movement from the interior on 11-July towards the
lake on 15-July.

Mort site is indicated by red square. She was found dead, floating.
Trauma-induced infection, septicemia.
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2:29 PM, 11-July .
diCated a

vation in body
yture from 1-

11-July, which
1ld suggest this may

e the reason the

moose began moving
towards the water and

remained in the lake

1L i AN A - - until she died.

100.751

At necropsy,

- —-—pathologist speculated
___compound fracture

may have occurred 3-4

97.3634 —days prior to death,
_given the state of the

infection.




look at
nses to
ient temps

Why the temp drops below 99°F? Water intake?
e 1.3% of annual readings <99°F?

5% of annual readings were 102-104°F, most of
these were in June, July and August
* How are they mitigating this excessive heat?



Presenter
Presentation Notes
912 readings >102; 5% of the year’s fixes; 15min intervals



Moose In
edge of their

 Increasing summer
may cause thermal cover to b
Increasingly important for moose

— Normal average July temperature in northeast
Minnesota is 17.5°C

— Average daily temperature maximum during
July is 24.4°C



Presenter
Presentation Notes
Just to reiterate, moose in MN are at the southern edge of their range (yes, some species actually think of Minnesota as how -- we’re like the Texas of the moose world)
Summer temperatures in northeast Minnesota are predicted to increase by:
1.5-2°C by 2025  (National Weather and Climate Center 2000)
3-4°C by 2100  (International Panel on Climate Change 2007)



Mean radiant
temperature —=

e

Radiation
(Solar & Object)

_Convection$


Presenter
Presentation Notes
Moose gain and lose heat from their environment through radiation, convection, conduction, and evaporation. Conduction and evaporation play a role in governing energy balance, though I didn’t have the means to investigate that part of heat regulation, it is the natural extension of my research.  What I was able to do was measure mean radiant temperature.  Moose can modify the mean radiant temperature by using cover types that alter radiation and convection – so, different levels of shade influence the radiant temperature.  MRT is an important parameter governing energy balance, especially on hot, sunny days.  If moose use shade as thermal refuge, I wanted to determine which forest cover types available in northeast Minnesota offered the greatest temperature relief.
Show that this is what I measured, and this is why I didn’t use air temperature…
If you’re a moose and you’re hot, what do you do?
The extension of this research is – how are moose losing heat if it isn’t selecting for cover types?...





\i[e)
Tem

e S600k in LC

e Allows continuat h adult and
calf moose mortality studies with expanded use
of MITs to obtain internal body temps

* Goalis to relate ambient temperatures to the
physiology (internal body temp), behavior
(habitat use, activity), and fitness (survival and
reproduction) of moose

— First time to examine these relationships with the
inclusion of internal body temperatures




Dr. Michell
Dr. Veroniq

) and vaginal
mitter (VIT) with

rature sensor

e Record moose behaviors at 2-week
intervals each season for 1 year

e Correlate changes in MIT and VIT
readings to moose behavior; develop
correction factor.

e Extrapolate findings to free-ranging
moose in MN with MITs

e Beganin Dec 2014; expected to be
complete by fall 2015









Presenter
Presentation Notes
54 Dead was July wolf-kill, abnormal pituitary gland; 151 Dead was prime-bull we euthanized in Sept (hematoma, bad liver, hoof infection); 177 Dead was wolf injury with secondary infection that died in January; 62 dead was prime-bull killed by wolves in Feb (bad liver, bacterial infection).  107-164 still alive.
96 Dead was prime bull died in Feb from winter tick and hepatitis in liver





Forest Wildlife Pop ; d Research Group, MN DNR
2Department of Fisheries, Wildlife, and Conservation Biology, UMN-St. Paul
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Presentation Notes
A Cervid is a Cervid…not in all respects.




Presenter
Presentation Notes
Calving report indicating 12567 was calving.  Last 5 days shows calving movement.  Last 24 hours shows localization.  Movement plot shows spike in speed and then dampening…blue line depicts a predictive model of calving activity based on large movement followed by localization.


Pre-calving site

Secondary site



Presenter
Presentation Notes
Screen shot of 12567 from 10-26 May 2015 plus labels.





Presenter
Presentation Notes
2015 calving site, heavily used area of disturbed vegetation.  Clumps of adult hair in upper left.  Calf pellets in upper right.  Adult pellets (with umbilical cord?) in lower right.


Percentage of all calf mortalities (n=40), 2013 and 2014
0% 20% 40% 60% 80% 100%

Wolf Predatior — 68%

Bear Predation - 16%

Natural Abandonment .6%
Drowning I3%

Abandonment of Unknown Cause I 3%

Unknown Predation F 3%
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Presentation Notes
2013 and 2014 pooled (n = 40 newborn calves)


Calving/mortality site
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Presentation Notes
13778 return trips to calving/mort site with labels.  Dam fled 3x before ultimately leaving.




Presenter
Presentation Notes
2013 Bear Kill.  Head cached with collar attached (buried as background, uncovered in upper left).  Hide inverted and peeled in upper right.  Bear scat in lower left.




Presenter
Presentation Notes
2013 Wolf kill.  Collar torn and bloody in upper left.  Wolf tracks in upper right.  Wolf scat with hair in lower right.  Matted vegetation where struggle occurred in lower left.  Small bone fragments and jaw pieces as background.




Presenter
Presentation Notes
2015 Unknown predator kill.  Evidence points to bear based on feeding behavior, but no scat, tracks, or hair found.  Wounds swabbed for saliva DNA analysis.  Broken bark with adult hair embedded (sign of struggle, in upper left), with heavily disturbed ground near.  Swabbing back in the lab in upper right.








* Manageme
— Ended hunti
— Targeted moose

e Possible other manage
— Decrease deer numbers?
— Predator control? Difficult now that wolves are re-listed.

— Targeted habitat management related to disease vectors? Is
that possible?

— Do nothing?
e Which are supported?
— How much do we value moose?

— How much do we value other wildlife that may be positively or
negatively affected by managing the landscape for moose?

e Governor’s Executive Order (April 2015) ended all state-
ermitted moose collaring due to capture-related deaths



http://www.nrri.umn.edu/moose/animals/slideshow2/images/796_600_jpg.jpg�
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ities (55%)

condary lethal
ed mortalities (45%)

e 3 winter tick

e 1 liver fluke infection with secondary
bacterial infection

e 1 trauma with secondary
infection/septicemia

e 3 undetermined health issues
— 7 carcasses were removed intact,

including 2 moose that were
euthanized by team

— 11 censored moose (collar failures,
slipped collars, etc.)




ary lethal infection

ortalities (50%)

e 1 brainworm (likely)
e 1 accident (fell through the ice)
* 2 multiple chronic health issues

— 4 carcass were removed intact, and 4
moose were euthanized by team

— 17 censored moose (collar failures, slipped
collars, etc.)




ere
t we
13 (7 vs 15

e Bad winter good for moose?

— Less winter tick burden from
long previous winter 2013

— Wolves shifting prey base to
weakened deer

— Lower deer numbers



Presenter
Presentation Notes
Morts: 2/14/14: brainworm; 2/23/14: wolfkill; 4/26/14: wolfkill  
3/105 = 2.9%
Compared to this time last year? 8/107 = 7.5%   
March 2013: brainworm, wolf injury with infeciton, = 2 total
April 2013: liver fluke infection with bacterial infection, 4 wolfkill, wolfkill likely, winter tick and liver infection, = 6
So we are only at 1/3 the mort so far into Year 2



15

ies (37%)

secondary lethal infection
d mortalities (63%)

ndetermined health issues, pending
results

— 11 censored moose (collar failures,
slipped collars, etc.)

— Currently, 94 moose remaining in the
study with active collars.

— With expected collar life of 4-5 years,
we’ll be monitoring collared moose in
this study until 2020.
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