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Above and Belowground Protocol
This document presents overviews of the protocols for above and belowground plant phenology
and productivity measurements in tundra environments, devised by Elise Gallois (University of
Edinburgh), Maude Grenier (University of Edinburgh) from the Team Shrub Research Group
with design and core protocol contributions from Laura Turner (University of Nottingham) and
Geerte De Jong (University of Gothenburg), and practical assistance from Colleen Iversen and
Verity Salmon (Oak Ridge National Laboratories). This protocol can be adapted and expanded to
other field sites. We can potentially supply equipment if required for participating research teams.

Contact us
We are very excited to have as many research groups on board with our joint protocol as possible.
If you would like to get involved or have any specific questions about the science or logistics
behind this protocol, we are very happy to arrange a Zoom meeting to discuss the protocol in
further detail. Our contact details are as follows:
●
●
●
●

Elise Gallois: Elise.Gallois@ed.ac.uk
Maude Grenier: Maude.Grenier@ed.ac.uk
Isla Myers-Smith: Isla.Myers-Smith@ed.ac.uk
Laura Turner: Laura.Turner@nottingham.ac.uk
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1. Background & research questions
At low Arctic and subarctic sites, the relationship between the timing of above- and below-ground
plant growth has been observed to be asynchronous, and the below-ground growing season can
be up to 50% longer than the above-ground growing season – potentially as a function of the
buffering effect of soil conditions to summer warming, or perhaps indicating that above- and
below-ground plant processes are not actually strongly coupled (Blume-Werry et al., 2016;
Radville et al., 2016; Sullivan et al., 2007). However, the observation tools used in these studies
(minirhizotrons) cannot be feasibly installed in areas dominated by permafrost, as the tubing could
be continuously pushed upwards when the active layer shallows at the end of summer, and
securely installing them would be labour-intensive and expensive. As such, we have little
understanding of root phenology and drivers of root propagation in areas with more continuous
permafrost, and how these processes relate to observed above-ground phenology trends. This
protocol aims to observe above- and below-ground phenology to answer the following research
questions:
RQ 1: Does above-ground plant growth reflect below ground root growth in tundra
ecosystems dominated by permafrost?
RQ 2: How does microclimate influence above-ground plant phenology from bud burst
through to leaf senescence?
RQ 3: Is above and below-ground plant phenology more asynchronous in cooler versus
warmer microclimates and among warmer versus cooler sites?
The above and belowground protocol involves the installation of mesh root in-growth cores,
phenocams and microclimate loggers in permafrost-rich tundra environments as a proxy for plant
phenology and root colonisation throughout the growing season and across microclimates, with
particular reference to rooting depth and species-specific trends. Cores will ideally be installed at
the end of the summer 2021 field season (mid-August onwards), and will be removed throughout
the summer 2022 field season. We will take advantage of existing and new phenocam and
microclimate data collection over the course of the 2021 and 2022 growing seasons to build a
comprehensive database of aboveground phenology events (i.e., growth, leaf-out, reproduction
and senescence) of different species. This research aims to investigate the links between
above-ground phenology, soil conditions and below-ground root growth.

Equipment List
We can potentially supply equipment if required for participating research teams. Other than the
optional industrial tubing, these can be purchased from garden or hardware stores. However, we
are happy to source equipment for you if you would like.
1. Cable ties (5 per core)
2. Option a: Industrial tubing (i.e.,
https://www.industrialnetting.com/rn4430-rigid-mesh-tubes.html) [See Manual]
3. Option b: Plastic garden netting (i.e.,
https://www.sure-green.com/windbreak-cladding-mesh.html) (x1 roll) [See Manual]
4. Option c: Stainless steel chicken wire (i.e.,
https://www.screwfix.com/p/apollo-50mm-galvanised-wire-netting-0-9-x-10m/95572?tc=TB4&ds_kid=92700052
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138697903&ds_rl=1249410&gclid=Cj0KCQjw9_mDBhCGARIsAN3PaFNXvOBOHeBzHyLHaMabZZMLU3yJvQ
pIXfZGji8F0hQKChgZKrbM9LQaAgi0EALw_wcB&gclsrc=aw.ds)

(x 1 roll) [See Manual]
5. Metal pliers (to bed and cut stainless steel chicken wire) - option b (x1)
6. Metal stake for measuring active layer depth (x1)
7. Tape measure for measuring active layer depth and distance between cores (x1)
8. Peat: any local peat that can be easily sourced from a garden centre. Please make a note
of the brand prior to burial (1x bags per site)
9. Marking flag or tape and sharpie to mark the ID of each core (1 per core)
10. Tent guy-ropes for phenocam support
11. Metal skewers or metal tent pegs (3 per core) to secure cores into the soil.
Optional:
1. Soil moisture probe (e.g. Hydrosense - any brand and model can be used, but please note
the equipment in the metadata)
2. TOMST or HOBO microclimate loggers (1 per each cluster of three cores)
3. Phenocams (1 per each cluster of three cores)
4. Drone data collection equipment including the drone (P4 or Mavic or similar) and dGPS
with markers (for more information on drone data collection protocols please get in touch
and see the High Latitude Drone Ecology network protocols,
https://arcticdrones.org/protocols/)

2. Core protocol
Time commitment: We have run pilot installations of the core burials at ECN Cairngorms and in
Latnjajaure. On average, using either options 2 or 3 (see Core instructions below), the cores take
about 5-10 minutes to construct each, and 2 minutes to pack full of peat. In the field, we have
found that it takes approximately 30 minutes for each cluster of cores to a) use the soil augers to
create holes for core burial, b) lower the cores gently into the holes using the soil auger as a guide,
c) mark the core locations with a flag and GPS, and d) take soil moisture readings and set up
microclimate loggers. It should take 1 working day to construct 16 cores and bury them carefully in
clusters across a heterogeneous tundra environment.

Burying the cores (Summer 2021)
1. Prepare core materials following instructions outlined in the Core instructions (see below).
2. Ideally, the cores should be buried at the end of the growing season (e.g., in mid to late
August) when the active layer is deepest to ensure an easy burial. Please make a note of
the burial date in the metadata.
3. Use a soil corer/soil auger (diameter preferably 7-10cm) (or if you do not have a soil corer,
a trowel) to dig out the holes in the chosen sites. Lower the cores into the holes, about
10-30 cm away from one another in a cluster of three. (One short, one medium, and one
long core in one site.)
4. You do not need to plant anything back on top of these cores - roots will make their way
sideways into the cores from the surrounding plant communities.
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5. Use a wooden gardening stake or a colourful flag to mark the location of the core, use a
permanent marker to label these features with the core ID.
6. Please also take a GPS measurement of the core cluster using a Garmin hand-held GPS,
GNSS or similar device.
7. When you extract the core, please use the trowel to gently cut the core vertically through
the middle and note the following simple root traits in the metadata:
1) Depth (cm) from top of core at which the organic soil material transitions to a sandy
or silt layer
2) The depth (cm) from top of core of maximum rooting .
3) If you feel confident enough to identify soil type, one of these four categories:
Organic,
Luvisolic,
Brunisolic,
and Podzolic. See definitions here:
https://soilsofcanada.ca/soil-classification/forest--tundra-soils.php
Note: Leave a small sample (1 cup) of the peat. We will use this sample to test the nutrient
availability in the soil mix. Get in touch with us about shipping and storage of this peat sample.

Figure 1: Fieldwork design, detailing soil core distributions and extraction timings. Note that there
is no requirement for 1, 2 and 3 to be laid out in the order on this diagram - put whichever of the
cores where the ground is most suitable. As long as each site contains 3 cores, that is fine.

Data format
Include the data about soil installation, location, and abiotic measurements in an Excel or Numbers
.xlsx or .csv file in the following format:
Cor
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e
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of
installment
2021
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-year)
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%
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Please include metadata about the data collectors, site details, and measurement equipment on a
separate metadata tab. We will send a data and metadata file to all those interested in
participating in the protocol.

Core removal (Summer 2022)
1. Following the designated time (summer 2022), the cores can be removed from the fieldsite.
Using garden shears, clippers/secateurs, scissors and a bread knife, remove any
obstructing vegetation and cut around the core top.
2. You can try and pull the core out at this point. If the core is difficult to remove, insert the
knife along the length of the core and circle the core to cut away any roots of vegetation
attached to the mesh/the core. Try again to pull the core from the ground. Cut off any roots
growing out of the core using garden shears or scissors.
3. The core can be replaced with another pre-prepared core or a mineral soil and peat mix.
Make sure to note all the locations of the cores and the soil they are replaced with. The
core must be placed in an airtight back asap to maintain water content, and frozen. The
cores can be kept in cold conditions (4 - 0oC) for a few days, but the quicker they are
frozen the better. The cores can be cut, ideally after freezing, into top (0-5 cm), middle
(5-15 cm), and bottom (remaining soil) sections. If it is not possible to ship the cores frozen,
the samples can be dried at 65oC before shipping. We will be in touch with all participants
about shipping arrangements in 2022.

Shipping
When a core is removed in 2022, please store with tubing material still attached in a secure
zip-lock bag and label with the core ID. Please place cores carefully in a freezer box. Due to
different shipping regulations internationally, we will communicate with sites about shipping on a
1:1 basis.

3. Environmental data protocol
Time commitment: Installation of TOMST loggers (https://tomst.com/web/en/systems/tms/tms-4/)
and collection of soil moisture and active layer data will add minutes to an hour or two at the time
of installation of the cores. A one-day long calibration of TOMST loggers taking a few hours plus
24 hour logging time should be conducted before installation which could be done by us before we
ship equipment or by participating field teams.
Where possible, we will collect local microclimate data at the site of each core cluster using either
HOBO data loggers, or ideally TOMST loggers logging temperature at -6, +2 and +15cm from the
surface. We propose the collection of active layer thickness (ALT) measurements in close
proximity to the planted mesh cores at the time of core installation and again at the time of core
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extraction, and will do so by driving a metal stake into the ground until it hits the hard surface of
the active layer, and measure the depth from the surface to this boundary in centimeters. We also
propose the use of a soil moisture probe (e.g., Hydrosense) to determine local soil moisture
content in the proximity of the soil cores at the time of burial.
It would be beneficial to collect abiotic measurements at the time of burial in 2021, in addition to
the dates of core removal during the 2022 field season. Please collect the following data:
1. Microclimate: If you have TOMST or HOBO loggers at your site, either place the cores in
the immediate vicinity (up to 2m away) from these pre-existing loggers, or place a new
logger in the centre of the core cluster as per Figure 1. After all cores are removed in
summer 2022, please download the data for these loggers and send these data to Elise &
Maude.
2. Soil moisture: Use a soil moisture probe (any type will do, just make sure to make a note of
the equipment and units used in the metadata) to take a reading of the soil in the
immediate vicinity of the core clusters. Please make a measurement of this on the date of
installation in summer 2021, and at every stage of core removal in summer 2022. Please
also note if the soil is dry to the touch, moist to the touch and whether there is any standing
water in close proximity to the cores.
3. Active layer thickness: Drive a metal/fiberglass/plastic stake (active layer probe) into the
ground until it hits the hard icy surface of the active layer, and measure the depth from the
surface to this boundary in centimeters using a tape measure as a guide. Please make a
measurement on the date of installation in summer 2021, and at minimum every stage of
core removal in summer 2022, but ideally as frequently as bi-weekly.
We will use the microclima package in R (Kearney et al., 2020; Maclean et al., 2019) to model
surface air microclimate using high resolution drone imagery or other available digital elevation
data (Figure 2). We will extract maximum, minimum and mean microclimates from these modelled
maps, and use these values to test our hypotheses. We aim to “ground truth” these maps using in
situ microclimate data from the field.
1. One TOMST logger will be installed at the site of each phenocam. If you have the capacity
to install TOMST loggers, we can purchase one logger per each cluster of three cores.
These loggers can be placed in the centre of each cluster. If you have existing microclimate
monitoring, it could be beneficial to install cores at the locality of this equipment.
2. Please download the temperature loggers at the end of the summer or as frequently as
desired and send us the data for processing. If you have existing drone data, a high
resolution digital surface model and/or the capacity to fly drones at your site, please do
share these complementary data.
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Figure 2: Maps of mean, maximum and minimum surface air temperature at 10cm height
generated using the microclima package (Maclean, 2020) representing conditions on 11th August
2017 at Qikiqtaruk-Herschel Island.

4. Phenocam protocol
This part of the protocol uses phenocams collecting ideally hourly imagery of the surrounding plant
community to track the timing of above-ground phenophases (e.g. leaf out, flowering, senescence)
of common tundra species (e.g., Salix arctica, Eriophorum vaginatum, Dryas integrifolia, Cassiope
tetragona, etc.). These above-ground phenophases will later be compared to the timing of rooting
depth during the summer 2022 growing season.
Existing phenocams
If your field site has pre-existing phenocams, it would be beneficial to install the clusters of cores in
the vicinity of these monitoring plots, such as in close proximity, yet behind the field of view of the
phenocams, to avoid destruction of monitored plots. Cores could be buried behind the phenocams
as long as the location is representative of the microclimate and community captured by the
phenocams. Please make a note of the distance from the centre of the core cluster to the
phenocam.
New phenocam installation
Time commitment: Installation of new phenocams takes around 1 hour per phenocam plus time
to carry the equipment out to the site. Phenocams may need to be checked periodically across the
growing season and reinstalled the following summer if they are not left up over winter or fixed and
adjusted if they have been left up over winter and have been knocked about during winter storms
or disturbed by wildlife.
1. Phenocams should be installed at a height of 1 m above the ground such that the cameras
point northwards (0 degrees using a compass with declination or a GPS) to avoid low sun
angles at an angle allowing for both close proximity plants and the horizon to be visible in
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the view shed, allowing the cameras to capture individual plants and the landscape
greenness over the growing season.
2. Cameras should be set to infinite focus and should be set to capture one photograph per
hour at the highest resolution setting for the images, with the time and date stamp being
synced before deployment. Please record the timezone used for the time stamp and share
with us the time of solar noon at your site.
3. Phenocams should be supported by a tripod nested firmly into the ground using guy-ropes
(instead of posts at least in permafrost environments as posts can be pushed upwards by
permafrost) to anchor the equipment into the ground. See Figure 3 for a photo of a
phenocam set up on Qikiqtaruk, with a tripod and guy-ropes for support.
4. Markers such as pin flags should ideally be placed in the viewshed for the phenocams to
indicate distances in the foreground and potentially to mark focal individuals of common
species (see below). Please capture a photo to check the installation before you begin. For
any questions about setting up phenocams, please get in touch. Please download the
phenocams at the end of the summer or as frequently as desired and send us the imagery
for processing.
Ground-truthing phenocam viewsheds
Time commitment: Ground-truthing of viewsheds should take around an additional 30 min to an
hour per phenocam. Visits to check on the phenocams and marked individuals throughout the
growing season may require some additional time, but may add further value to the dataset.
The following optional methods will facilitate future analysis of the phenocam data. Conduct as
much of the additional data collection as possible, while trying to avoid trampling plants in the
viewshed of the phenocams.
1. Provide a 1-metre-high stick (or other marker of a known height) in the foreground at 5 m
distance from the camera as an index of plant height in the images.
2. Please conduct a cover estimate of a 5 x 5 m plot in the foreground of the viewshed
indicating the percent cover of all species to a precision of 1%. If time is limited, provide the
estimated cover of all species above 10% cover in the plots.
3. Please mark three individuals of the three most abundant species with visible phenophases
such as leaf emergence/senescence and flowering in front of the viewshed (within the first
5 metres from the camera, yet visible in the photographs). Please use pin flags to mark
individuals, using separate colours for each species.
4. Optionally, these marked individuals could be revisited across the growing season on a
weekly/biweekly or monthly interval to note down the phenostage following the
International
Tundra
Experiment
phenology
phenophase
protocols
(https://www.gvsu.edu/cms4/asset/3A8AF24B-DDCC-71FD-83D796AFC483CEEF/itexman
ualchapter8.pdf).
Please get in touch with any questions or for more information.
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Figure 3. A photograph of a phenocam supported by a tripod and guy-ropes, overlooking a
community dominated by Eriophorum vaginatum and a phenocam image with annotations
describing the installation protocol. Photo credit: Gergana Daskalova

5. Research outputs
Our research will contribute to the Arctic Underground network, a collaboration that was
established by Rebecca Hewitt (Amherst College) and Michelle Mack (Northern Arizona
University) to research belowground tundra ecology dynamics. We expect to publish at least two
research papers, and one method paper as a direct result of our proposed research.
All data contributors will be invited to participate as authors on the planned outputs of this research
including any field technicians or summer field assistants who contribute to data collection. We will
follow best practice open science. We will make all of our data and metadata open source and
readily available through Github and Arctic Data repositories. The collected data will contribute to
large grant funding with our collaborative team to fund further research to address our proposed
research questions.
Our planned manuscripts are as follows:
1. 1 x methods paper (lead authors: Elise Gallois and Laura Turner) outlining the protocol for
the in-growth core experiment, and some initial insights into the process of analysing the
rooting depth and root traits.
2. 1 x research paper (lead author: Elise Gallois) reporting on the links between
aboveground phenology and belowground rooting activity, and the microclimate controls on
both above- and belowground tundra phenology.
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3. 1 x methods paper (co-lead by Maude Grenier, Elise Gallois, Geerte de Jong & Joe
Boyle) focusing on how remote camera data detect variation in plant phenology across
landscapes and microclimates when compared with satellite and in situ records.

Related Protocol - Root Functional Trait Experiment
Feel free to also participate in a related joint protocol that can use the same root cores and other
environmental variables measured, developed by Laura Turner at the University of Nottingham to
explore root trait dynamics across precipitation, soil moisture and climatic gradients:
https://docs.google.com/document/d/1YQXjP7ld3GfS6roXhsRoLvMLSL5_fRJarVqxGrwOLBo/edit
?usp=sharing
In summary, this would entail 1 or 2 more root in-growth core (IGCs) placed per plot, and
the storing (frozen) of the removed soil core when installing these IGCs in 2021 - see Figure
4 for a protocol comparison.
Laura will also use the data from this phenology protocol in her own analysis of root traits across
multiple Arctic and alpine sites.
From this work, Laura will be first author on:
4. 1 x research paper about root traits and their relation to microclimate and soil moisture
conditions.

Figure
Figure 4. Fieldwork design for related root functional trait protocol, detailing the ideal soil core
distributions for root trait cores (left) or if combined with in-growth cores for phenology.

6. Core instructions
We are currently working on securing an order of industrial tubing (option 1), which is lightweight,
rigid, and easy to fill with soil. Ideally, this material will be shipped out to each of the field sites.
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However, in the event that we cannot secure these materials, or that they do not arrive in time, we
have prototyped two additional options that can be constructed using materials that can be found
in any garden centre. These two options have worked well in our pilot studies. Option 2 uses
lightweight plastic garden netting that can be cut using scissors into a template and easily folded
into a tube shape and secured using cable ties. If you are not able to secure this material, option 3
uses stainless steel chicken wire with a tight mesh (no wider than 1 cm x 1 cm), which can be
rolled quickly into a tube and secured using cable ties. While option 1 is preferable, we are happy
for options 2 or 3 to be used instead if necessary. Option 2 is preferable as the plastic netting is
less likely to degrade. If you use options 2 or 3, please make a note of this in the metadata.
Peat: If your field site has the facilities, please sterilize the peat by baking on a baking tray in an
oven at 200 F for 15-30 minutes (until peat is dry) prior to use in the field, to ensure we are
avoiding adding invertebrates to the tundra ecosystem wherever possible. If the peat is too dry to
pack tightly into the cores, feel free to add a small amount of water to ensure the peat does not fall
out of the holes in the cores.

Option 1: Industrial tubing
1. 3 lengths of cores to be cut at each site: 10 cm, 20 cm and 30 cm. Cores should be sealed
at the base using material from cut cores welded on with chicken wire, a small plastic
sheet, or plastic garden netting with plastic cable ties.
2. Tightly pack the cores with the soil.
3. Use metal skewers or tent pegs to clip through the top of the cores and secure into the
surrounding ground.

Figure 5: Schematic for preparing the industrial tubing for burial.
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Option 2: Garden netting
1. 3 lengths of cores to be cut at each site: Cut using the template in Fig. 6 into tubes 10 cm,
20 cm and 30 cm in length.
2. Fold in the notch in the template and seal using plastic cable ties.
3. Cores should be about 7 cm diameter, and fastened together at the side with plastic cable
ties.
4. Tightly pack the cores with the soil.
5. Use metal skewers or tent pegs to clip through the top of the cores and secure into the
surrounding ground.

Figure 6: Schematic for preparing the garden-netting tubing for burial. Top panel shows
instructions for constructing the core using netting and cable ties, bottom panel shows photo
examples of cores prior to and during burial (photos from ECN Cairngorms site pilot study).
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Option 3: Chicken wire
1. 3 lengths of cores to be cut at each site: 10 cm, 20 cm and 30 cm.
2. Cores should be about 7 cm diameter, and fastened together at the side with plastic cable
ties loose bits of wire.
3. Tightly pack the cores with the soil, leaving the top 10 cm of each core for the peat-only
4. Use metal skewers or tent pegs to clip through the top of the cores and secure into the
surrounding ground.
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Figure 7: Schematic for preparing the chicken wire tubing for burial. Top panel shows instructions
for constructing the core using chicken wire and cable ties, bottom panel shows photo examples of
cores prior to and during burial (photos from Latnjajaure site pilot study).
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