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Presentation given by Mike Schrage, Wildlife Biologist, Resource Management Division, Fond du Lac Band of Lake Superior Chippewa, at the Tribal Climate Change Symposium: Climate Change in the Great Lakes Basin, Milwaukee, WI, December 2008.



Minnesota Climate Projections

• Winter temps increase 4-8F
• Summer temps increase 7-16F
• Annual precipitation unchanged but 

drier overall due to increased 
evaporation

• Increase in extreme weather events
• Growing season lengthened by 3-6 weeks.



At risk

• Northern forests at the southern edge of their 
range in Minnesota

• Northern wildlife species at the southern edge 
of their range in Minnesota
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Minnesota has great natural diversity north to south.  The south has more in common with Iowa and WI as far as forests and wildlife go.  The far northeast looks more like northern Ontario than it does southern Minnesota.
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Examples include northern MN forests dominated by aspen, birch, spruce and balsm fir and northern MN wildlife such as spruce grouse, gray jays lynx, snowshoe hare, pine marten. 
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And moose



Historic and Current Range
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Historically moose (and caribou) dominated NE Minnesota.  Moose are largely confined to the very NE corner of the state with scattered individuals elsewhere.  A large herd of moose in NW MN experienced a severe decline in the 80s and 90s and has not recovered.  Whitetail deer have greatly expanded their range and caribou are extinct in the state. 



Life History
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Moose are well adapted to winter with thick coat and large body for cold and long legs for snow
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Long legs, big hooves, hollow hairs – well adapted to swimming and feeding in water – another feature of northern forests
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Moose are a species like deer that favor a diversity of landscapes and young forests. 

Historically young forests were created by wildfires and blowdown from wind storms

Currently most moose habitat is created through logging.
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Singles to small groups most common in MN and northern forest.  Larger groups seen on open Alaskan tundra.

4 NA subspecies and MN’s is Alces alces andersonii

Cows weigh 700-800lbs, bulls up to 1200 lbs
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Calving – typically 1-2 calves born in late May and stay with Mom until the following spring.
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Death from variety of causes.  Oldest bull on record in MN was 16, Oldest cow was 20.   Rut stress on bulls prior to winter probably contributes to earlier death on average.
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Wolves prey on older adults and calves
Bears on calves
Not much bothers healthy adult moose
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Trains and autos and hunting responsible for some moose deaths



Disease and Parasites
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Moose suffer from a variety of disease and parasites.  Perhaps more along the southern edge of their range in north America due to overlap with deer and better conditions for parasite survival
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Parasites – Parelaphostrongylus tenuis (Brainworm) life history.  

Deer carry the parasite but suffer few effects.  Moose can die from it.  Intermediate hosts are terrestrial snail or gastropod species.

Brainworm does not normally complete it’s lifecycle in species other than deer.  Moose can die from the parasite but they are also a dead end host for it.
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Liver flukes.  Another parasite usually carried by deer but with an aquatic instead of terrestrial snail host.  When ingested by moose they can cause liver damage at high numbers.  Jury still out on how significant their impacts are on individual moose.
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Winter tick larvae attach to moose in the fall.  The ticks pass through additional life stages on the adult moose before the female tick takes a final blood meal in the early spring and drops off to lay eggs

Moose can carry 10s of thousands of ticks per moose causing irritation, reduced feeding, hairloss, anemic condition and possibly the ticks serve as a vector of disease.  An additional stress on moose at a stressful (late winter/early spring) time of year.
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Our NE MN study began in 2002.  Begun in response to moose numbers which appeared stable instead of increasing after series of mild winters 1998-2001.  



Objectives
• Improve aerial survey of moose numbers
• Movements and home range 
• Determine survival of calf and adult moose
• Determine causes and rates of  adult  

mortality



Partners
• Minnesota Department of Natural 

Resources
• 1854 Treaty Authority
• U.S. Geological Survey
• Fond du Lac Band of Lake Superior 

Chippewa
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150 moose captured over 6 years.  Primary capture method was tranquilizer darts fired from a helicopter.
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Moose fitted with radio collars, eartagged, tooth extracted for aging, blood and fecal samples taken for pregnancy testing and for exposure to various diseases, ultrasound used to measure rump fat and all animals given a body condition score.  Presence of winter ticks and any corresponding hair loss noted.
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Animals located as needed during the study to determine movements and home range and mortality signal checked weekly.

Almost all radio-tracking done by airplane
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Study is ongoing but funding through 2011.  Currently have 52 radio-collared moose - 7 bulls and 45 cows in Minnesota.  





Results
• Poor adult survival
• Calf survival of 35%
• Pregnancy rate of 83% and twinning rate of 

30%
• 58% of mortality described as unknown but 

likely health related
• Correlation between a Heat Severity Index and 

subsequent mortality
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Study is ongoing.  The biggest concerns are the poor adult survival and the high % of “unknown” mortality.

Have developed a heat severity index which appears to correlate with subsequent adult mortality. 



Adult Non-Hunting Mortality

Average Adult 
Non-Hunting 

Mortality

Alaska & 
Canada

8 – 12%

Northwestern
Minnesota

21%
(16–26%)

Northeastern
Minnesota

21%
(5–35%)
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Non-hunting mortality higher than reported elsewhere in N. America for adult moose.  Particularly worrisome with cows.  Mortality in NE MN correlated with mortality in NW MN as the herd there was crashing.
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 Wolves
10%

 Bacterial 
Meningitis

1%

Unknown
58%

Poached
2%

Causes of NE MN Mortality
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All forms of mortality. Wolf predation may be higher than 10%.  Some scavenging of carcasses may have actually been predation. Often difficult to separate scavenging from predation during snow free months.  If really predation though, in many cases they were prime aged animals.  Were they sick first and easily killed?

Hunting mortality was heavily weighted to bulls.  This is okay in a polygamous species like moose or deer.  Moose managers in MN have concluded that hunting is not driving the herd.

“Unknown” mortality often appears to be health related and is the most significant cause of mortality in our study.



Timing of Non-anthropogenic 
Mortality
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Mortality other than from hunting and other human related causes
Peak in April – June expected due to winter stress
Blips in August, September, October, November, December even January –whats up with that?  Moose should be in prime condition then.
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Necropsy in field looking for evidence of predation, tumors, parasites, fat levels, broken bones, bruising etc.  Collect tissue samples to bring back to lab for further analysis.

Its been called CSI Minnesota
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Not much to work with sometimes – a really “unknown” mortality.  
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We’ve had numerous instances of prime aged animals apparently laying down to die. We’ve taken to refering to them as “tipovers”.  Often at what should be low stress times of the year – fall and early winter.  Lymes, CWD, WNV, EEE tests and variety of others have all been negative.  Some emaciated individuals have been seen.  One cause or multiple causes???

We’ve been largely unsuccessful at identifying direct causes of death in many cases from radio-collared animals.  Carcass decomposition, scavengers and difficult access are the primary reasons.
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Poor antler development/early antler casting in some bull mortalities.  Symptomatic of a chronic health issue in these individuals????
Lower right photo is of a 3-year-old in Sept. dead the next spring, the other is of a 3 year old in Aug..  These 2 died of unknown causes.  Antlers should have been bigger and more typically paddle shaped moose antlers for an animal that old.

Some evidence from other wildlife studies that this may be connected with liver flukes
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Some (not all) unknown mortalities are extremely emaciated.  Have seen emaciated mortalities in spring, summer and winter.   Some not emaciated, but unable to rise.
I don’t believe browse quantity or quality is the issue.
Often find brain lesions indicative of migrating larvae – possibly P. tenuis.  Actual worms not always directly detected.
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NE Anecdotal Mortality
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Results of 23 cases and evidence found by University of Minnesota Veterinary Diagnostic Lab from samples submitted.  Either entire carcass was submitted to the lab or head and liver or just head were submitted but with a good field necropsy.

Euthanized animals or fresh carcasses reported by public.  Animal immediately transported to VDL or into freezer.  “Fresher” samples than radio-collared animals have provided.

“Multiple problems” include brainworm, winter ticks, liver flukes and other – internal infection. 

Do results reflect causes of “unknown” mortality from radio-collared sample?  I think so, but some moose managers feel it may be because brainworm infected animals are more easily found by people than other types of sick moose.



Moose Health Screening
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Minnesota DNR began moose health screening program in NE MN in response to modeled decline in moose numbers and high level of unknown but apparently health related mortality of moose.

State, Tribal organizations and UM Veterinary Diagnostic Lab have cooperated in effort to have hunters collect blood and tissue samples from moose and submit for testing. Samples collected from over 100 moose in 2007 and 100+ in 2008.  Screening done for exposure to a variety of diseases and trace element levels.

Most samples collected from hunter harvested bull moose.  Generally good cooperation and interest in doing it right from hunters.



2007 Results
• 38.5% of samples positive for WNV some 

strong reactions
• 35.1% positive for Lyme’s Disease some 

strong reactions
• 6.8% positive for MCF
• 4.3 % positive for EEE all strong reactions
• 1.7% positive for BVD both strong reactions
• 0.9% positive for Anaplasmosis

Positives only indicate exposure and strength of reaction.  It 
does not mean the individual developed the disease.
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Important results from 2007 analysis of hunter harvested bull moose.  About 111 – 120 individuals.  Total samples varied depending on quality and completeness of samples turned in by hunters.

EEE = WNVs evil cousin and a more serious concern for wildlife health.




Negative Results

• Fecal Sedimentation (discontinuing)
• Mycoplasma
• Mycobacterium paratuberculosis 
• Brucellosis 
• Bovine herpes virus
• Blue tongue virus
• Epizootic hemorrhagic disease
• Neospora 
• CWD 
• Bovine TB
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Negatives only imply no immune reaction was mounted by the moose.  Does not mean the animals were never exposed to the disease.



Pending Results

• Serum test for brainworm exposure
• Analysis of liver for trace elements
• Analysis of other data sets of moose 

samples
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A few roadkills, anecdotal sick moose, samples from dead collared moose and serum from 34 cows captured 2/07 still to be analyzed.





Heat Stress
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Both NE and NW MN moose studies attributed warming temperatures to playing a role in moose mortality.
Moose are at southern end of their mid-continent range in Minnesota.  Well adapted for winter – less so for summer.
Renecker and Hudson 1986 showed a metabolic response in moose related to increasing temperature beginning at 57F (14C) in summer and 20F (-5C) in winter.  This response – panting and elevated respiration and heart rate – was considered to be heat stress.
.  



• Decreased food intake
• Reduced weight gain
• Decreased milk production
• Impaired immune system

In domestic cattle heat stress 
causes:

R
eReasonable to infer similar effects in moose
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Doubt I’ll ever see a moose where I can say “died of heat stress”.
However reasonable to expect similar effects of heat on moose which may have long term health implications for them.



Temperature and Mortality Relationships 
in NE Minnesota
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Mark Lenarz developed several models from NE moose study correlating Heat Severity Index and subsequent mortality. Paper accepted for publ. in upcoming JWM. Shown is example of one model showing HSI based on late spring temperatures above 14C threshold at which moose showed indications of heat stress and relationship with subsequent fall season survival.  Model using first 6 years of data successfully predicted fall survival in seventh year.

HSI = sum of degrees above 14C in late spring when daily max temp exceed 14C threshold
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North Dakota’s story suggests to me that the relationship between moose and heat stress is not completely understood.

Moose can clearly tolerate some level of heat stress.
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 Winter ticks, brainworm and liver flukes have been well-documented in playing a role in moose mortality statewide.  Other possibly unidentified diseases or parasites may be out there too.  

Should not rule out the role of mosquitoes as agents of disease for moose.  Impacts of WNV and EEE on moose are unknown.
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NE MN deer #s at historic highs and have been for several years.  Increase due largely to series of mild winters, but also to forest management and hunter harvest strategies to increase deer.  

Deer are the primary host for adult brainworm and liver flukes. Brainworm does not normally complete it’s lifecycle in species other than deer.  Moose can die from the parasite, but they are also a dead end host for it.  

Northern Minnesota deer have historically been controlled primarily by hard winters and habitat and not primarily by wolves or hunters.  Climate change may mean an increase in mild winters favorable to deer survival.




Conceptual model of moose population decline
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Two schools of thought about MN moose decline.  Primarily heat stress related or primarily deer populations and parasite related.

Not entirely an academic argument as wildlife managers can try to control deer numbers much more easily than we can mitigate heat stress.



Northeastern Moose Population
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At current rates of observed mortality – modeling shows NE herd going to essentially zero in <50 years.



Conclusions

• Climate change is driving current decline of moose 
in MN.

• Unclear if the primary pathway is heat stress or 
deer and parasite related.

• Projected temperature increases will increase heat 
stress on moose.

• Climate change will create conditions where 
disease/parasite hosts are more numerous (deer).

• Create conditions where disease/parasite hosts are 
active for a longer season (gastropods, ticks, 
mosquitoes).

• Create conditions suitable for new diseases and 
parasites to get established.
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Climate change will be a moose health issue before it becomes a moose habitat issue.

A warming climate probably is and certainly will become increasingly important as a stress on moose.  I’m not convinced how much heat stress currently has as a direct role in moose mortality.

I believe primary current and future importance of warming climate will be in increasing disease/parasite impacts on moose. Others are convinced it’s a heat stress issue.
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Questions?
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