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August 2017 Churchill team 

 
 
Dear Earthwatch volunteers,  
 
This research at Churchill, Manitoba (MB), has been underway since 1999 and in the Mackenzie 
Mountains, Northwest Territories (NT), since 1973. Each new season brings new insights and 
reinforces lessons learned. For the past 1 8 years at Churchill and 12 years in the Mackenzies, 
Earthwatch volunteers have greatly contributed to these research efforts. With several teams a 
year at Churchill and one in the Mackenzies, we have added significantly to the long -term 
record of key envi ronmental variables. These records are unparalleled in the North; with the 
length of the records and the data available we have a unique data archive on environmental 
change at the study sites.  
 
The project, led by Dr. LeeAnn Fishback from the Churchill N orthern Studies Centre, and Dr. 
Steven Mamet from the Department of Soil Science, University of Saskatchewan, has focused on 
the effect of climate change on the wetlands of the Subarctic near Churchill, Manitoba, and on 
treeline and permafrost in both Chur chill and the Mackenzie Mountains area of the Northwest 
Territories. We are very excited to add a long list of accomplishments to our research program 
this year and are grateful for  the generous support of all Earthwatch volunteers and funders 
who have aided in this project.  
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Our work at Churchill continues to investigate the 11 long -term monitoring sites, six treeline 
sites, four tree island sites, and a network of twenty -three wetlands from tundra through to the 
boreal forest. The winter work examines  the important role that snow plays in controlling the 
temperature of the ground, the health of coniferous foliage across the treeline, and as a water 
source for the shallow tundra ponds of the Hudson Bay Lowlands. The summer wetland work has 
illustrated t he importance of predators in the wetlands on the species that are present in these 
ephemeral habitats. In 2017, we conducted a series of microcosm experiments on site in 
Churchill in 9L bins, to investigate the effect of sediment on nutrient uptake before  we scale 
this experiment to our regular mesocosm experiments in 400L stock tanks. In the Mackenzie 
Mountains, the permafrost record for reveals a mean warming of 0.98 °C over the last 26 years, 
which has brought all of the sites to within 1 °C of thawing.  This year we also completed a 
survey of about 100 volunteers to examine the lasting impact of our citizen science project.    
 
The Earthwatch dataset, which continues to grow steadily each year, provides a benchmark 
against which future environmental chan ge in these habitats can be measured. These data have 
already contributed to the International Polar Year database and were used as baseline data for 
Parks Canadaõs State of the Parks report, which will guide future planning, management, and 
operation of t he Wapusk National Park, including resource conservation. The data have also 
informed the North American Treeline Network (NATN) and the Global Observation Research 
Initiative in Alpine Environments (GLORIA), and been cited in the latest Intergovernmental 
Panel on Climate Change (IPCC) report ð thus contributing to global research efforts.  
 
The 96 volunteers who participated in our project during 2017 -18, including corporate 
volunteers and fellows (both teachers and corporate), have provided the much needed 
assistance to grow and develop our project (e.g. wetland mesocosm experiments) as well as 
conduct teams at both of our field sites (Churchill, MB, and Mackenzie Mountains, NT) and in all 
seasons of the year. It would also not be possible for us to c ontinue the long -term monitoring of 
our keystone variables (e.g. snow depth, seedling establishment, active layer development, 
wetland species inventory) without the generous assistance of the donors and funders who 
sponsor many of our Earthwatch volunteer s. You should all take great pride in helping us with 
our many accomplishments this year and you have our heartfelt thanks.  
 
Sincerely, 

 

 

 

 

 

Drs. LeeAnn Fishback and Steven Mamet 

 
 



    

 

PAGE 4 

SUMMARY 

 

1. The flooding in the spring 2017 following unprecedented snowfalls in March led to high 

water levels during our wetland field work. This high snow and flooding was evidence of 

the extreme events that are part of the impacts of a rapidly changing climate.   

2. During this year we fielded 10 Earthwatch teams , including a new to us group of 

volunteers with Jason Learning. With more volunteers than ever we  started two new 

experiments associated with our wetland ecology work: terrestrial enclosure s for over 

winter s urvival  experiments for juvenile wood frogs and a sediment uptake of nutrients 

microcosm experiment.   

3. Both principal investigators (Steve and LeeAnn) were present for the entire fielding of 

the Mackenzie Mountain team where we were able to visit all the l ong-term monitoring 

sites and re-establish the Dale Creek weather station.  

4. The dynamic nature of the impacts of climate change were evident at the Churchill sites 

were permafrost warming at most sites with subsurface cooling occurring at one of the 

palsa sites.  

5. The completion of our survey data collection to examine the social impacts of our place -

based citizen science project meant moving forward with coding and analysis of the data 

collected.     

 

GOALS, OBJECTIVES, AND RESULTS 

Each year data are collected to quantify current environmental conditions. As this record 

lengthens we can be more confident that we can determine average conditions at the beginning 

of this 21st century. The challenge we have is that we are attempting to calculate an average 

at a time when change is rapid and in one direction. Never -the-less we can continue to describe 

the state of environmental factors affecting permafrost, treeline, and wetlands with the 

expectation that continued and similar studies in the future can use these data as a benchmark 

for comparison. We continue to support undergraduate and graduate projects as part of this 

research and assist in the training of future scientists along with our citizen science project.   

Earthwatch volunteers  have collected snow depth and density data at 10 long-term monitoring 

sites, six treeline sites and five tree islands sites with some records beginning in 2000. In the 

winter of 2018, we were able to visit all of these sites to collect snowpack data with our three 

winter Earthwatch teams. In 2018, snow depth and density w ere more reflective of the average 

snowpack measurements (Figure 1) but still showed a declining trend for snow depth at the tree 

island sites (Figure 1 and 2).  
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Figure 1 ð Snowpack data from 2012 to 2018 for 5 tree islands. The data include depth, density, 

snow-water equivalent (SWE; a measure of how much water is in the snowpack), and heat 

transfer coefficient (HTC; a measure of convective heat transfer through the snowpack). The 

record-setting El Niño of 2015-2016 is indicated by the shaded region. Low wind during the El 

Niño winter resulted in less redistribution of snow and shallower, less dense snow within the 

tree islands.  
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Figure 2 ð Snowpack at our long-term tree island ( TIS) site during the snow -free period and mid -

winter (late -February). Snow depth during 2014, 2015, and 2018 were near average, whereas 

2016 and 2017 were low snow years. Note solar panel on weather station mast to visually 

compare snow depth (compare to Figure  1 above for complete record from 2012 - 2018). 

 

 

Each year we continue adding to the continuous measurements of air, ground, and sub -surface 

temperatures at our 10 long -term terrestrial monitoring sites in Churchill and 5 sites in 

Mackenzie Mountains. At Churchill, the sites with low -stature tundra vegetation (in blue in 

Figure 3 below) are considerably cooler at the ground surface and within the subsurface ( -80 

cm), relative to treed sites, burned areas, and sedge -rich wetlands. While most of the sites at  

Churchill are experiencing warming, there is one location where there has been subsurface 

cooling of about ð0.4 °C per decade. This highlights the needs for continued monitoring at these 

sites to examine how various environments will respond to the changi ng climate. At the 

Mackenzie mountains sites at low elevations (~1200 m.a.s.l.) are warmer than sites at high 

elevations (~1600 m.a.s.l.,). Air temperatures at the sites have warmed only 0.1 to 0.2°C per 

decade, though this has translated into warming of 0 .2 to 1.3°C at the ground surface and 0.1 

to 0.2° C in the subsurface (-150 cm) (Figure 4). Moreover, the variation in mean annual air 

temperatures at Churchill and the Mackenzie Mountains illustrates the high inter -annual 

variability that is normal for these regions. 
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Figure 3 ð Mean annual subsurface (80 cm) temperatures a t  10 long-term monitoring sites in 

Churchill. Note the 0.4 °C cooling at the airport site .  
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Figure 4 ð Mean warm season (MayðSeptember) temperatures at  5 long-term monitoring sites in 

Mackenzie Mountains. Note the significant warming (dashed lines) at most sites. 

 

Permafrost has thawed in both the Mackenzie Mountains and the Churchill over the past 20 to 

35 years (respectively)  and we continue the monitoring work of previous years . One of the key 

indicators we measure is active layer thaw depth. Each year, two of our teams dedicate several 

days to ensure our long-term measurements of the active layer thaw are measured and 

compiled.  In Churchill we continue to see on average, deeper active layer depths (Figure 5). 

One of our monitoring sites is experiencing decreasing subsurface  temperature decreases 

(Figure 3) and the thinner active layer depths in response can be seen in Figure 5 be low. These 
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changing conditions are most likely due to changes in soil moisture conditions and vegetation 

cover as air temperatures are still warming at these locations.  

 

 
Figure 5 ð Active layer thaw depth  at our four long -term monitoring frost probe grids in 

Churchill from 200 6 - 2017.  

 

One of the most common winter related tree issues is winter desiccation (also called winter 

drying). Winter desiccation occurs when the foliage is exposed to high winds, blowing snow , and 

low temperatures , which erodes the protective waxy coating (cuticule) on the individual 

needles. Come spring, the needles are unable to regulate water loss without this coating, 

resulting in drying and likely foliage mortality that reduce the health o f the trees. This may be 

compounded by early onset of spring, where air temperatures are above zero while soil 

temperatures are still below zero . When the ground remains frozen, the tree is unable to 

replace the moisture lost from the foliage  (known as frost drought) . Over the past 6 years 

during the winter months we have collected needle samples from 20 sites to examine needle 

health. This work is part of our long -term monitoring of tree health.  Not surprisingly, adult 

trees show increased epidermal conduction (essentially rates of foliage water loss) along a wind 
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exposure gradient from forest to tundra -adjacent (tree islands)(Figure 6). What is surprising, 

however, is that despite the stressful conditions surrounding tree islands, these areas represent 

hot spots for increased seedling establishment and possible treeline advance.  

 
Figure 6 - Needle desiccation during winter months for white spruce trees in Churchill   

 

The Global Treeline Range Expansion Experiment (G-TREE) is a globally distributed collaborative 

project aimed at testing the generality of mechanisms driving boundaries of tree distribution at 

the treeline (Brown et al. 2013). The goal of G -TREE is to disentangle substrate and seed 

limitations on range expansion through field experimentation. Following on our previous work 

where only one seedling and no seeds were found in the shrub -alpine plots in the Mackenzie 

Mountains, we installed exclosures at all sites (Churchill and Mackenzie Mountains) to exclude 

granivores from the seeded and unseeeded plots. During 2017, our assessment of the G-TREE 

plots found much greater seedling establishment in the exclosures (Figure 7) indicating th at 

granivory is indeed a limiting factor on treeline expansion  and is greatest in th e transition zone 

(ecotone; see the shrub-alpine and tree island/treeline  sites in Figure 7) between the forest and 

the alpine/tundra . With subsequent years at all our plots (Mackenzies and Churchill) we will 

continue  to examine if and how the seedlings continue to grow and mature.  
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Figure 7 ð G-TREE plot results in the Mackenzie Mountains and Churchill  showing the results of 

granivore exclosures on seedling establishment in seeded plots.  

 

We have continued to maintain the reclamation sites but the only data collection at these sites 

during 2017-18 was the small weather station that continues to run at one location.  

 

Churchill lies at the northern extent of the Hudson Bay Lowlands and the tundra wetland studies 

help us to examine the species diversit y, geochemistry and physical characteristics of these 

ponds and how they are responding to a changing climate. In 201 7 we continued to sample 23 

wetlands in different habitats from coastal tundra to boreal forest. Each of these wetlands was 

sampled four times during the open water season and adds a fourth  year of data from our long -

term monitoring of these wetlands. This also parallels our sampling during the 62 days of our 

mesocosm experiment (see below) to capture the differences in natural ponds vs the 

mesocosms. Results from the laboratory analysis (nutrients, cations, chlorophyll a) of the water 
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samples collected duri ng each natural pond sampling event w ere processed in September 2017 

with the samples from the 2017 open water season  but we are still awaiting the final data 

compilation. The results from the five  years of data (2014-2018) will be analyzed to examine 

water chemistry, species assemblage and vegetation characteristics over time and space.  

We also use mesocosm experiments to investigate how anticipated subarctic environmental 

changes may influence the growth and reproduction of dominant amphibious herbivores.  In 2017 

we crossed three warming treatments (ambient, 100W, 250W) with four different types of origin 

of tadpoles (from the coast to inland)  in forty -five 400L stock tanks wit h 30 wood frog tadpoles 

to examine the impact of geographic location and climate  change on tadpole growth. We 

measured survival, growth rates, and size at metamorphosis in the tadpoles at four time steps 

during the experiment. We predicted synergy between wetland warming and location of origin  

may influence the survival rates of tadpo les. Results from 2017 experiment are still being 

compiled but the preliminary analyses indicate that the geographic location from which the 

tadpoles were originally sampled (coast or inland forest) does not impact their response to 

warmer treatment. Basic ally we determined the tadpoles all appear to have similar response to 

the warming temperatures. Fish eat tadpoles regardless of their behavior classification and the 

warming treatment.  

This field year we also conducted two pilot experiments to examine mo re detailed processes. 

The first pilot included designing and establishing frog enclosure for juvenile wood frogs. These 

enclosures allow us to examine the potential over -winter success rate of the young wood frogs 

that metamorphed from our mesocosm experi ment (Figure 8). While the hot and dry conditions 

in September limited the survival rate in the fall, the enclosures themselves were robust and 

will be used in the following winter (with some modifications for hibernacula) to attempt to 

assess overwinter success. We had good success with a pilot experiment during our teen team to 

examine the uptake of nutr ients by sediments in wetlands (Figure 9). This pilot identified the 

importance of sediment to our experimental design and will require follow up experime nts in 

2018 to determine the influence of sediment type before scaling up to the 400 L mesocosm 

experiment in 2019.  
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Figure 8 ð Field team in Churchill constructing frog enclosures during the July 2017  

 

  


