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Abstract (Limit 1,500 Characters) 

 

The Vancouver Island Marmot (Marmota vancouverensis) is Canada’s most endangered mammal, with only 
143  marmots in captivity and about 55 remaining in the wild.  In captivity, degenerative myocardial changes, 
including significant fibrosis, has been identified histologically in 48% of deaths.  In other mammalian 
species these cardiac changes have been associated with dietary deficiencies in taurine, carnitine, vitamin E, 
or selenium. Other markers for heart disease have included troponin 1, glutathione, copper, and zinc.  This 
study will measure serum levels of these biomarkers in captive and wild Vancouver Island Marmots.  It will 
also compare hepatic and cardiac samples from deceased marmots with heart disease, and those that had  
normal hearts to compare levels of taurine, carnitine, selenium, and vitamin E.  The study will help establish 
normal serum and tissue levels for the species, and look for a potential relationship between serum and tissue 
levels and cardiac pathology.  In addition, the study will compare the captive population  to their free-ranging 
counterparts.  This information will help captive breeding facilities monitor serum levels of these values and 
help make dietary modifications that may control the progression of associated heart disease.     



2007 AZA CONSERVATION ENDOWMENT FUND  
Project Proposal 

 
** If you’d like to include citations/references for statements made in this section, please include them in a separate Word 
document titled “Citations” and attach it to your CEF Application Email as an appendix.  Citations are NOT required. 
 
1. Explain the goal and rationale behind the proposed project.  What will the specific outcomes be?  (If the 

proposal is for funding part of a larger project, the proposal must focus on the part for which CEF funding 
is being requested.) LIMIT 4,000 CHARACTERS 

 

Vancouver Island Marmots (Marmota vancouverensis) are a high-profile endangered mammal species of Canada.  Native 
to select sub-alpine regions of Vancouver Island, the population dropped to fewer than 100 animals by 2000 with 
approximately 28  remaining in the wild (RENEW, 2000).  Starting with the Toronto Zoo in 1997, and the Calgary Zoo in 
1998, there are now four Canadian facilities that have been involved in captive breeding and reintroduction efforts in an 
effort to prevent extinction.  From 1997-2006 in the captive breeding population there have been 11 cases in 23 deaths 
(48% of deaths) of fibrosing cardiomyopathies in deceased marmots that have been identified on histopathology 
(Raverty & Whiteside, unpublished).   All animals with fibrosing cardiomyopathy have been adults.  The disease has 
rarely been seen during histopathological evaluation of wild marmots.   Congestive cardiomyopathy has previously been 
reported in a captive population of woodchuck (Marmota monax), but the etiology of the disease is still unknown (Roth & 
King, 1986). 
 
Cardiac diseases have been linked to nutritional deficits in many mammal species.  In domestic cats, giant anteaters, and 
a snow leopard, low levels of the amino acid taurine were associated with dilated cardiomyopathy (Pion et al, 1992, 
Wilson et al, 2003, Burton et al, 1988).  In sea otters, low levels of myocardial L-carnitine has been associated with 
dilated cardiomyopathy (Kreuder et al, 2005).  In captive mountain lowland gorillas, gelada baboons, nyala, and flying 
foxes, low levels of the antioxidant vitamin E (tocopherol) has been associated with cardiomyopathy  Liu et al, 1982, Liu 
et al, 1984, (McNamara et al, 1987,Heard et al, 1996).  And in sika deer fawns and growing pigs, low levels of the 
antioxidant selenium are associated with cardiomyopathy (Yoshioka et al, 2000, Ferrans & Van Vleet, 1985).     
 
Once myocardial damage occurs, the extent of cardiac injury can be monitored by evaluating specific serum enzyme 
levels and serum trace element concentrations.  In both humans and cats, cardiac troponin 1 release is used as a marker 
of ongoing myocardial damage, and may reflect the replacement fibrosis that is seen in many cats with hypertrophic 
cardiomyopathy (Herndon et al, 2002).  In dogs with congestive heart failure, glutathione levels are significantly reduced 
(Freeman et al, 2005).  In humans with idiopathic dilated cardiomyopathy, high copper, and low zinc concentrations 
have been reported (Topuzoglu et al, 2003). 
 
If an animal dies with heart disease, biochemical changes can sometimes be found in the heart or liver. Myocardial 
taurine levels are lower in domestic cats with dilated cardiomyopathy than in healthy control cats fed restricted levels of 
taurine (Fox & Sturman, 1992).  In free-ranging sea otters, depletion of myocardial L-carnitine is associated with the 
development of dilated cardiomyopathy (Kreuder et al, 2005).  In flying foxes with heart disease, decreased vitamin E 
levels were found in heart and liver samples (Heard et al, 1996).  In aborted calves with cardiomyopathy, selenium levels 
are low in both the heart and liver (Orr & Blakley, 1997).   
 
The specific outcomes of this study are to: 1) Establish a baseline of  serum levels of possible biomarkers for heart disease 
in  captive and free-ranging Vancouver Island Marmots.   2) Establish cardiac and hepatic levels  of possible biomarkers 
for heart disease in captive and free-ranging Vancouver Island Marmots, comparing normal to diseased animals.  3) 
Evaluate the association between serum levels and tissue levels of cardiac biomarkers in cases of fibrosing 
cardiomyopathy. 
 
If serum or tissue biomarkers for early heart disease are found, or if there is a significant difference in levels between 
captive and free-ranging marmots,  then captive breeding programs will be able to better monitor marmot health, and 
possibly control the progression of cardiomyopathy through dietary modifications.       



 
2. Explain the methodology for this project and why it is appropriate. (For instance, if this is a research 

project, then clearly state the hypotheses to be tested; if this is a conservation education or professional 
training project, describe your target audience and how many people will be reached, etc.)  
LIMIT 5,000 CHARACTERS 

 

This project includes both retrospective and prospective research, and initially involves collaboration between the Calgary 
Zoo, the Tony Barrett Mount Washington Marmot Recovery Centre (TBMWMRC), and the Vancouver Island Marmot 
Recovery Team.   There are currently 74 adult Vancouver Island Marmots in breeding programs at  four Candian facilities, 
and with juveniles included, the captive population is approximately 143.   The wild population is currently estimated 
around 55-60 individuals including juveniles.   
 
Over the last two field seasons, numerous blood samples have been collected from wild marmots, and serum has been 
stored in -80 C freezer.  Each year, several free-ranging animals are captured for  procedures such as translocation, and 
are given physical examinations, and blood is collected.  All captive marmots have annual physical exams and blood 
samples collected in late August to early September before they enter hibernation.   
 
To accomplish the first objective, we propose to submit 40 blood samples  (approximately 25% of the captive population) 
collected from adult marmots  during their annual examintions from the Calgary Zoo and the TBMWMRC for possible 
markers of heart disease.   Based on clinical exam findings and electrocardiogram finding, when possible heart disease is 
suspected serum levels from affected individuals will be compared against animals with normal clinical and EKG findings.  
Serum samples from at least 20 wild marmots (approximately 33% of the free ranging population) will also be evaluated.  
Evaluation of statistical differences between the two groups will be carried out with the data collected.  The total volume of 
blood that will be collected (approximately 3.5 ml of whole blood), represents less than 1% of the total bodyweight of 
Vancouver Island marmots. 
 
TABLE 1: Biomarker testing for myocardial disease from blood samples 
BIOMARKER                  SAMPLE TYPE                            TEST                                                           LABORATORY 
Taurine                                   1.0 ml serum                          Amino acid fractionation                      Animal Health Lab, U. Guelph  
Vitamin E                    0.1 ml serum              High Performance  Liquid Chromatography      Prarie Diagnostics Services 
Selenium,                     0.2 ml serum                         Plasma Mass Spectrometry                        Prarie Diagnostics Services 
Copper,Zinc,  
Molybdenum 
Glutathione peroxidase  30 uL heparinized blood                Spectrophotometry                                 Prarie Diagnostics Services  
Cardiac Troponin 1     0.25 ml serum          Troponin  Enzymatic Assay               Central Veterinary Labs, Calgary 
 
To accomplish the second objective of the project, tissue levels of taurine, carnitine, trace minerals (Selenium, Copper, 
Zinc, Molybdenum) and Vitamin E from banked samples of heart and liver wil be determined from deceased marmots.  
We propose to test 10  samples from marmots histologically diagnosed with fibrosing cardiomyopathy, and  10 samples 
from marmots with no histological evidence of myocardial disease.  Of these normal marmots,  samples from both 
archived wild marmots and from captive marmots will be used, with an attempt to approach 50% sampling from both 
populations. 
 
TABLE 2: Biomarker testing for myocardial disease from tissue samples 
BIOMARKER                  SAMPLE TYPE                            TEST                                                           LABORATORY 
Taurine                                   1 gram heart                              Mass Spectrometry                            Animal Health Lab, U. Guelph  
Carnitine                    1 gram heart          High Performance  Liquid Chromatography    Animal Health Lab, U. Guelph 
Trace Minerals                     2 grams liver                            ICP Mass Spectrometry                             Prarie Diagnostics Services 
Vitamin E-heart                    1 gram liver              High Performance  Liquid Chromatography        Prarie Diagnostics Services 
Vitamin E-liver                     1 gram heart             High Performance  Liquid Chromatography        Prarie Diagnostics Services 
 
To accomplish the third objective, utilizing banked serum samples when possible from deceased marmots with 
histologically confirmed fibrosing cardiomyopathy, the potential association between serum levels of biomarkers and 
tissue markers can be evaluated. 
 
Depending on the distribution of the data set, parametric or non-parametric statistics will be carried out as appropriate. 
 



 
3. What is the conservation/management significance of the specific outcomes?  Explain how the project is 

compatible with the purposes of the CEF.  LIMIT 2,500 CHARACTERS 
 

 
 
4. If you received previous CEF funding for this or a related project, please summarize relevant findings and 

how they relate to the current proposal.  LIMIT 1,500 CHARACTERS 
 

 
 

Vancouver Island marmots are Canada's most endangered mammal species with wild populations diminishing to less 
than 28 individuals at one point.  With only approximately 200 animals currently in captivity and the wild, each 
individual is crucially important to the captive breeding and reintroduction program, and to the sustainment of free-
ranging populations.  Over the past 10 years, through the efforts of captive breeding institutions, there has been 58 
marmots reintroduced back to the wild, and for the first time in 2006, a captive born female produced pups in the wild. 
 
In order to maximize their reproductive lifetime,  is imperative that animals  in captivity, and those that are being 
released to the wild, are free of infectious and non-infectious diseases.  By establishing appropriate biomarkers for heart 
disease in Vancouver Island marmots,  earlier detection will lend itself to greater therapeutic options.  If it is determined 
that the high incidence of fibrosing cardiomyopathies in captive marmots is related to a nutritional deficiency relative to 
their wild counterparts, then adjustments can be made at the four captive breeding institutions to mitigate further cases.  
The project fits well with the CEF's purpose of supporting animal health, captive management, and in-situ conservation 
efforts.  It is our hope that if this project is selected for funding,  it will serve as another example of the high quality of 
research that occurs at AZA institutions, and that is generously supported by the AZA's Conservation Endowment Fund.   

N/A 



 
5. Who are the participants in this project, what are their roles, and what are their qualifications?   

LIMIT 3,000 CHARACTERS 
 

 
 
6. Why do you consider the project to be timely and how does it address a current critical need?   

LIMIT 1,500 CHARACTERS 
 

1) Douglas Whiteside, DVM, DVSc- Principal Investigator.  Staff Veterinarian/Pathology coordinator at the Calgary Zoo 
since 2001. Vancouver Island Marmot Recovery Team Member.  Formal post-graduate zoological medicine training at 
the Louisville Zoo, Kentucky and the Toronto Zoo, Ontario.  Formal post-graduate pathology training at the University of 
Guelph's Ontario Veterinary College.   Will be responsible for coordinating and carrying out the project. 
 
2) Sandie Black, DVM, Dip Path- Principal Investigator.  Head of Veterinary Services at the Calgary Z0o since 2000.  
Was a staff veterinarian/pathologist at the Calgary Zoo from 1989-2000.  Former Vancouver Island Recovery Team 
Member.  Formal post-graduate training in zoological medicine at the Toronto Zoo, Ontario.  Formal post-graduate 
pathology training at the University of Guelph's Ontario Veterinary College.  Will be responsible for assisting in the 
coordination and carrying out of the project. 
 
3) Stephen Raverty, DVM, PhD, Dipl. ACVP- Pathologist for Vancouver Island Marmot Recovery Team.   Senior 
pathologist at the Animal Health Centre, Ministry of  Agriculture, Food and Fisheries, British Colombia.  Histopathlogist 
for the Calgary Zoo since 2000.  Formal training in zoo and wildlife pathology at the Bronx Zoo (Wildlife Conservation 
Society), N.Y. in addition to domestic animal pathology training.  Will be responsible for the histopathological evaluation 
of hearts from deceased Vancouver Island Marmots to classify whether fibrosing changes are present in order to classify 
historical tissue and serological samples. 
 
4) Malcolm McAdie, DVM- Wildlife Veterinarian for British Columbia's Ministry of Environment. Field Veterinarian-
Vancouver Island Marmot Recovery Foundation, Head of Captive Management and Chief Veterinarian for the Tony 
Barrett Mount Washington Marmot Recovery Centre (TBMWMRC).  Has been, and will continue to be, responsible for 
blood collection and physical examinations on marmots in the field and at the TBMWMRC 

Being Canada's most endangered mammal with only 200 animals remaining, every individual is important to the 
population.  The incidence of fibrosing cardiomyopathy in the captive population of Vancouver Island marmots is 
significant, and as a result of the disease, several genetically valuable individuals have been lost to the captive breeding 
and release program.  As the program moves forward, it is imperative that the population remain as healthy as possible 
to continue to maximize the genetic diversity and fitness of the population.  It is  also crucial that healthy animals are 
released to the wild to ensure long term reproductive success.  The cause of fibrosing cardiomyopathy in Vancouver 
Island marmots is currently unknown.  Establishing blood tests to detect early heart disease will be instrumental in 
slowing or arresting the progression of heart disease through therapeutic intervention.  If the disease is found to be 
related to a dietary deficiency in captivity, then appropriate dietary modification can be made at all of the captive 
institutions.  Finally, in individuals that are diagnosed with heart disease, more appropriate management decisions can 
be made regarding their future genetic contributions to the program and their suitability for release. 



 
7. Explain how you will ensure that you are meeting the goals and objectives of your project.  Include how 

your evaluation plan will measure program effectiveness and apply evaluation data to strengthen the 
project.  If this project has an educational or professional training component, the educational impact 
should be discussed (ideally including impacts on conservation-related knowledge, attitudes/affect, and 
behavior).  Evaluation plans may be quantitative or qualitative.   
LIMIT 3,000 CHARACTERS 

 

 
8. Will this project be sustainable beyond the life of the grant?  If so, explain how.   

LIMIT 1,000 CHARACTERS 
 

 In order to meet the goals and objectives of the study, it will be necessary to communicate effectively and coordinate 
with the collaborating institutions to ensure that all blood and tissue samples are handled appropriately to prevent any 
sample degradation, and to ensure that sample shipment to the laboratories is uneventful.  The project will be considered 
successful if we are able to carry out all of the proposed testing, and if we identify potential biomarkers that will allow the 
detection and potentially the mitigation of fibrosing cardiomyopathies in Vancouver Island marmots.    This information 
will guide the Vancouver Island marmot recovery team as well as the captive management team in making  significant 
recommendations on testing for disease, as well as dietary modifications to try to prevent further disease.   The overall 
effectiveness of the research project can then be evaluated prospectively by incorporating specific testing into the annual 
examinations to monitor for heart disease, particularly if diets have been adjusted according to our findings.  
If it is determined that the biomarkers we are proposing  have no association with fibrosing cardiomyopathy in this 
species, then future research can be streamlined to look at other potential causes, including possible genetic influences. 
 
The project does has a professional training component, as the veterinary intern at the Calgary Zoo will become involved 
with the project.   The Calgary Zoo's Animal Health Centre has a one year zoo and wildlife medicine internship for 
graduate veterinarians.  The position commences annually in July, and the intern is incorporated into all aspects of zoo 
medicine, including preventive medicine,  nutrition, pathology, endangered species breeding program management, and 
reintroduction programs. 

In order to complete this project, the CEF grant is essential.  The project will be sustainable beyond the life of the grant in 
one of two project offshoots.  If the project establishes a relationship between the biomarkers and heart disease, then 
further testing at the other two captive management facilities should be explored.   If no relationship is established, then 
further investigation into the etiology of fibrosing cardiomyopathy will need to be carried out.  In both situations, 
additional funding would be sought. 



 
9. How and when will the information generated by this project be disseminated?   

LIMIT 750 CHARACTERS 
 

 
10. If this is a multi-year project, what is the funding strategy for subsequent years?   

LIMIT 750 CHARACTERS 
 

 
11. Is this proposal connected to a relevant AZA program or institution?  If so, explain how.   

LIMIT 750 CHARACTERS 
 

 
12. Are there collaborating institutions or organizations involved in this proposal? 

Yes  No 
 

List all collaborating institutions below, including those associated with the participants listed in question 
5, and attach one “Statement of Institutional Support” form for each institution to your CEF Application 
Email (see CEF Application Instructions).  This form is available on the CEF Application website at 
http://www.aza.org/ConScience/WhatIsCEF/.  

 
Applications that do not include Statements of Institutional Support for all collaborating institutions 
listed will not be considered for funding.  Individually crafted letters of support cannot be 
accepted in lieu of this form.   
 
Collaborating Institution Names: 
 

Calgary Zoo 

Tony Barrett Mount Washington Marmot Recovery Centre       

Vancouver Island Marmot Recovery Team 

           

      

           

Based on a yearly animal health examination, it is anticipated that the project will take approximately one year to carry 
out the testing in order collect the data, and then compile and analyze the data.   The results will be disseminated to each 
of the institutions that participate in the captive breeding program, will be discussed at both the Captive Management 
and the Recovery Team level, and will be published in a scientific journal (it will be submitted to the Journal of Zoo and 
Wildlife Medicine or Zoo Biology for first consideration, which are sponsored by the AZA) 

N/A 

This proposal is connected to two AZA institutions- the Calgary Zoo and the Toronto Zoo, both of which are primary 
captive breeding facilities for Vancouver Island Marmots.  These two institutions have approximately 40% of the captive 
breeding pairs for the population. 



 
13. Have all the necessary permits been obtained for the project? 

Yes  No  Not Applicable 
 

a) If yes, list the permits here and attach one electronic copy of each to your CEF Application Email.  
Attachments should be titled “(Proposal Title) Permit.” 

 

 
b) If the necessary permits have not yet been obtained, please explain why. 

 

 
 

14. If research animals are to be purchased for this project, indicate the destination of the animal(s) after the 
completion of the research or provide justifications for euthanasia. LIMIT 750 CHARACTERS 

 

N/A 

N/A 

N/A 



2007 AZA CONSERVATION ENDOWMENT FUND 
Budget 

 
PREVIOUS CEF SUPPORT 
If any of this proposal’s Principal Investigators received previous CEF support, please complete the required 
information below for each.  
 
** If you need to add additional awards, please add their information to a separate Word document and include it as an 
attachment titled “Past CEF Projects” with your CEF Application Email. 
 

 

 
 
PROJECT BUDGET 
All funding requests from CEF should be for one year only.  Funding decisions are announced in early 
September and CEF funds are to be used for work from the announcement date forward.  Costs incurred prior 
to the announcement will not be covered by CEF funds. 
 
Total Project Budget: $23, 380  Total Requested from CEF: $15, 300 
 
 
OTHER SUPPORT 
List any other support already received and/or grant applications currently in review with other potential 
funding sources for the project.      
         

Item for which funding 
was requested 

Amount Requested Amount Received Date Expected 
(if not yet received)    

Grant/Matching Source 

                              
                              
                              
                              
                              

 
Note: Recipients of CEF grants are obligated to inform the fund coordinator of any pending or overlapping grants that are 
received.  IF such grants are received, it is possible that the CEF Scientific Advisory Committee will recommend that the 
CEF award be reduced or refunded. 
 
 
DETAILED BUDGET 
The detailed budget should be separated into CEF and non-CEF costs.  List under each category budget items 
and method of calculation (e.g., 2 persons x 10 days x $25/day), as well as probable sources of support.  The 
following should be listed as separate budget items: airfares, lodging, vehicle rental (cars, planes, boats), fuel, 
per diem, equipment over $500, supplies, services (lab analyses, editing), pharmaceuticals, shipping/postage, 
printing, and personnel costs (see below for funding restrictions).   

Name of P.I.:        Year of award:        Amount of Award:       
 
Project Title:       
 
Were all required reports (annual/final) submitted?  Yes  No 

Name of P.I.:        Year of award:        Amount of Award:       
 
Project Title:       
 
Were all required reports (annual/final) submitted?  Yes  No 



 
CEF grant money does not fund the following: Salaries for staff appointed to regular, full-time positions 
(exceptions include graduate student stipends and technician salaries); tuition, university fees, or fringe 
benefits associated with graduate students or other collaborators; administrative costs (including institutional 
overhead and submission costs for the publication of journal articles); travel unrelated to completion of the 
project (conference presentation expenses, travel to meetings, etc.); planning meetings that define, rather than 
implement, conservation goals. 
 
** If you need to add additional budget items, please add this information in a separate word document and include it as 
an attachment with your CEF Application Email titled “Additional Budget Items.”  
 
CEF Budget Items:  
                       

 
CEF Budget Item 

 
Method of Calculation  

 
Total Cost 

Was funding for this 
item also requested 
from another source? 

Serum taurine $51.50 x 40 samples $2,060 Yes   No 
Serum vitamin E $46 x 40 samples $1,840 Yes   No 
Serum trace minerals $58 x 40 samples $2,320 Yes   No 
Glutathione 
Peroxidase 

$37 x 40 samples $1,480 Yes   No 

Cardiac Troponin-1 $32 x 40 samples $1,280 Yes   No 
Heart taurine $65 x 20 samples $1,300 Yes   No 
Heart carnitine $65 x 20 samples $1,300 Yes   No 
Liver trace minerals $73 x 20 samples $1,460 Yes   No 
Heart Vitamin E $53 x 20 samples $1,060 Yes   No 
Liver Vitamin E $53 x 20 samples $1,060 Yes   No 
Sample Shipments $35 x 4 shipments $140 Yes   No 
                  Yes   No 
                  Yes   No 
                  Yes   No 
                  Yes   No 
                  Yes   No 
                  Yes   No 
                  Yes   No 
                  Yes   No 
                  Yes   No 
                  Yes   No 
                  Yes   No 
                  Yes   No 
 TOTAL REQUESTED FROM CEF $15, 300  

 
Non-CEF Budget Items: 
               

Budget Item 
 

Method of Calculation Total Cost Funding Source for Item 

Laboratory and 
Pathology Supplies  

Syringes, needles, serum tubes, 
heparinized plasma tubes, whirpak 
bags, formalin, containers  

$280 Calgary Zoo, TBMWMRC, 
VIMRT 

Anesthetic Supplies Isoflurane, Ketamine, Midazolam, 
Oxygen 

$425 Calgary Zoo, TBMWMRC, 
VIMRT 

Sample collection, 
data analysis, 
reporting 

Professional Salaries  $5,375 Calgary Zoo, TBMWMRC, 
VIMRT 

Presentation of data at 
meetings 

Travel costs associated with meeting $1500 Calgary Zoo 

Publication costs Write-up and submission $500 Calgary Zoo 
SUBTOTAL       $8,080       



TOTAL PROJECT       $23, 380       
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        

 
 
BUDGET JUSTIFICATION 
Explain briefly why the major items listed above are necessary for completion of the project.  
LIMIT 3,000 CHARACTERS. 

 

The CEF is respectfully being asked to fund the costs associated with laboratory analyses fo the biological 
samples that are collected.  These analyes are obviously crucial to the success of the research project as they 
will allow completion of the project's three goals as stated earlier.  The timely completion of the project will 
allow for dissemination of the information to the current Vancouver Island marmot captive breeding 
institutions, and may provide potential insight into cardiac disease in other AZA and international captive 
endangered species breeding progams. 
 


