
Moose Population Dynamics Research in NE Minnesota



Estimated moose numbers in northeastern Minnesota



Calf:Cow and Bull:Cow ratios



Moose harvest in northeastern Minnesota

Harvested by three groups (1854, FDL, State) and harvest goal is
conservatively set at 5% of estimated population for each management zone.  
Nearly all of that harvest is antlered bulls, very little impact on reproduction.



Big Question

With suitable habitat, minimal harvest, and decent 
reproduction, why wasn’t the herd increasing?

One piece of information we didn’t have for the herd, and that is a critical 
part of modeling population trends, is non-hunting mortality. We had 
been using 8-12%, a rate reported from other jurisdictions in North 
America.  Using that rate with the other info we had showed the herd 
should be increasing.

To get that information on our local non-hunting mortality we initiated 
research efforts in 2002.



Goal of the project is to examine the non-hunting (or natural) mortality rate 
for moose in northeastern Minnesota



Animals were fitted with a radio collar



We used an ultrasound to measure fat reserves



We pulled a tooth to age the animal



Blood samples were taken for pregnancy checks 
and parasite/disease testing



Animals were examined for parasites and injuries



After workup, a reversal drug was injected and off they went



We listen for mortality signals weekly, actually lo cated each animal a 
minimum of 30 times



We use ground tracking when collars indicate that a nimals are dead



What have we learned so far?





•Blue = Locations 2/02 – 8/03
•Pink = Capture Location

Cows

0.9 – 54.3 sq. mi.

Ave. 15 sq. mi.

Plenty of data to eventually look at home ranges



How have they fared?
2002

•Collared 24 moose

•6 died first year

2003

•Collared 42 more moose

•17 died

2004

•Collared 18 more moose

•12 died 

2005

•Collared 30 more moose

•17 died 

2006

•22 died 

2007

•10 died 

2008
•Collared 34 more moose
•11 mortalities thus far



Causes of Sickness and 
Mortality

• Natural
– Disease
– Parasites
– Predation
– Accidents
– Weather
– Old age
– Unknown

• Human Related
– Collisions
– Hunting



Non-human mortality 
such as diseases and 
parasites

Examples:

Brainworm

Winter Tick

Liver flukes

Lungworms

CWD?

Lyme’s Disease?

West Nile Virus?

Others?



Classic symptoms of 
brainworm include 
apparent blindness, lack 
of fear, and aimless 
circling.

Brainworm is a 
parasite carried 
by whitetail 
deer, rarely 
causing death to 
deer, but often 
to moose.

Maybe 1 collared moose



Engorged ticks in early spring.



Excessive grooming to get rid of 
ticks can cause massive hair loss.



Loss of 
hair can 
lead to 
poor body 
condition 
and death 
by 
exposure 
and or 
weakness.



Wolves are likely the main non-human 
predator of adult moose in MN

Wolves have killed at least 
5 collared moose thus far, 
suspect in a few other cases.



This animal was killed by wolves but 
an exam showed symptoms of 
brainworm as well.



Black bears are known to kill moose, 
especially calves, which we really 
haven’t investigated in this study.



Non-human—Weather

Temperature extremes can stress moose, 
particularly if they are already suffering from 
other factors.  Excessively deep snow can also 
cause problems.



Accidental Death

1 so far



Human 
caused 
mortality—
car kills

6 animals 
so far.



Another source of human 
related mortality—trains.

2 animals so far.



Human caused 
mortality through 
hunting has 
accounted for 15 
moose so far.

Also had 2 poached.



Alive?

Dead?

1 so far



Unknown mortality 41 so far

Not too concerned about 12 of these:

•Two capture related

•One not investigated

•A few (3?) may have been a combination of ticks and 
winter stress – died late spring

•Others (6?) were quite old (>12 years)

Of the 41, 29 mortalities were more mysterious:

•have died all times of the year, very emaciated and little, if 
any, body fat

•not very old



Moose and Climate Change

Predictions for Great Lakes region call for an increase of 1.5 – 2 degrees 
Celsius for spring and summer temperatures as early as 2025-2035 and as 
much as 5 – 8 degrees Celsius increase in fall/winter temperatures over the
next century.

Moose response to increased temperatures includes faster metabolism, 
increased heart and respiration rates, and decreased food intake.

This response occurs at temperatures above -5 C in winter, and above 14 C 
in summer, with open-mouth panting at summer temps above 20 C.

So, if predictions are true, we can expect warming temps to lead to heat 
stress, which will lead moose to increase their energy expenditure and 
potentially make them more vulnerable to diseases, parasites, and possibly 
less reproductively fit. 



Investigating temperature relationship

In the last year, we’ve begun taking a look at temperature versus mortality 
in the radio collared moose.

A Heat Stress Index (HSI) was calculated using temperature data 
recorded daily in the field within the study area.

HSI was calculated by tabulating the # of days when ambient temps 
exceeded 14 C and 20 C during the late spring and warm season; and the 
# of days exceeding -5 C in January and the cold season.  We then 
summed the temperature difference each day that exceeded these 
thresholds to get HSI.  

We then ran various models looking at the relationship of HSI to mortality 
rates for each of the seasons and annually.



Annual and Seasonal Natural Mortality
Spring

1 Mar – 15 May
Summer

16 May – 31 July
Fall

1 Aug – 30 Nov
Winter

1 Dec – 29 Feb
Annual

1 Mar – 29 Feb

Year Mortality Mortality Mortality Mortality Mortality

2002 4% 9% 5% 5% 21%

2003 8% 4% 8% 7% 24%

2004 2% 0% 2% 0% 4%

2005 1% 4% 6% 5% 15%

2006 13% 0% 14% 8% 31%

2007 9% 0% 6% 3% 17%



Left: Models using HSI in January 
explained more than 78% of 
variability in spring, fall, and annual 
survival.

Right: Models based on HSI in late 
spring explained a high percentage 
of variability in fall survival.

A couple of example model relationships…



Bottom line is that there is pretty clear evidence of an inverse relationship 
between temperature and moose survival.

There are still questions to be examined, particularly things like cumulative 
impact over time, perhaps impact of higher humidity levels in conjunction 
with temperature during summer, ultimate causes of mortality, etc.

The other question is what can we do to protect the moose herd if the 
current trends continue?



Future Plans
Mooz (Moose) Habitat Use in a Changing Climate

Submitted by Grand Portage, 1854 Treaty Authority, and Natural Resources 
Research Institute requesting funding under FY’09 Tribal Wildlife Grant 

program

Obj. 1 – Identify habitats used by moose on Grand Portage rez and adjacent 
ceded territory
Obj. 2 – Quantify moose response to temperatures that are expected to 
occur with impending climate change and identify habitats used as thermal 
refugia at times of thermal stress
Obj. 3 – Make habitat management recommendations to protect thermal 
refugia
Obj. 4 – Identify habitats used by cow moose for calving
Obj. 5 – Determine if primary prey of wolves on Grand Portage rez is deer or 
moose
Obj. 6 – Share results with other agencies to enhance moose management 
for all

Smoked Fish

BeerIsle Royale



QUESTIONS?

aedwards@1854treatyauthority.org

www.1854treatyauthority.org

Andy Edwards, Director
Resource Management Division
1854 Treaty Authority
4428 Haines Road
Duluth, MN  55811


