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Biodiversity and microhabitat associations of terrestrial arthropods on Axel Heiberg
Island, Nunavut, in the High Arctic
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6“4 NI To Whom It May Concern: My name is Anthony Zerafa, and | am a Biology Master’s student at
McCGill University in Montréal, Québec, Canada. | previously visited Nunavut in 2016 when | spent 6
weeks on Cornwallis Island and Axel Heiberg Island as part of a McGill University undergraduate
program intended to train students in Arctic field science. The proposed undertaking is a scientific
research project with the goal of monitoring communities of terrestrial arthropods (insects, spiders,
and springtails) on Axel Heiberg Island in Nunavut. Arthropods are the dominant animal group found
in terrestrial Arctic ecosystems, which makes them ideal study organisms for monitoring Arctic
environmental change. The High Arctic locality of Axel Heiberg Island may yield valuable information
on the current composition of High Arctic arthropod communities, because the terrain is a mosaic of
highly variable “microhabitats” that differ in plant cover and soil moisture. However, arthropod
communities on Axel Heiberg Island have never previously been subject to any dedicated study. To
address this significant gap in our knowledge of High Arctic ecosystems, | propose to survey
arthropod communities on Axel Heiberg Island as the foundational step for a long-term monitoring
program. Located approximately at coordinates 79°26'N 90°46’W in western-central Axel Heiberg
Island, the McGill Arctic Research Station (MARS) will serve as a basecamp for research activities.
MARS is only accessible by air, with aircraft operating out of the Polar Continental Shelf Program
(PCSP) in Resolute. Logistical support for my 2018 project is included in the PCSP logistics request
form that was filled out by Dr. Wayne Pollard (Director, MARS) under “MARS baseline studies”. With
the exception of the seasonally occupied MARS, Axel Heiberg Island is uninhabited. The nearest
settlement to MARS is the Eureka research base on Ellesmere Island, approximately 111km to the
northeast. The nearest Inuit community to MARS is Grise Fiord on Ellesmere Island, approximately
382km to the southeast. In order to gain a complete picture of arthropod community compositions
over time, fieldwork will take place over the entire duration of MARS’ summer operational period
(from the start of July to the end of August). Although the current proposed project will not take
more than two summer field seasons, it is the goal of this applicant to turn the project into a long-
term monitoring program that will occur annually over many years. This project entails a thorough
study of microhabitats with their associated arthropod communities on Axel Heiberg Island. | propose
to catalogue every microhabitat that can be identified within the enclosed basin next to MARS,
where Colour Lake is located. A hyperspectral camera (possibly mounted on an aerial drone) can
reveal differences in terrain cover more easily than the naked eye, and therefore this is the most
objective method for mapping the microhabitats within the study area. Once microhabitats in the
study area are identified, | will place a transect of yellow pitfall traps (small yellow dishes, about
18cm in diameter each) within each microhabitat to collect flying and ground-dwelling arthropods. At
the location where each pitfall trap is placed, | will also take a soil sample for the extraction of soil-
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dwelling arthropods. Such thorough collecting across the entire season will provide a complete
picture of the arthropod communities that are established on Axel Heiberg Island, as well as the
microhabitats with which they are associated. This dedicated survey will also lay the foundations for
future arthropod monitoring on Axel Heiberg Island. Climate change has in recent history driven
significant and rapid changes to the Arctic environment, and continues to alter Arctic ecosystems at
an unprecedented rate. The effects of this rapid environmental change are however not well
understood, as there remain significant gaps in our basic understanding of the natural history of
Arctic ecosystems. Because they are abundant in Arctic ecosystems, arthropods make for ideal study
organisms for detecting Arctic environmental change. The understudied arthropod communities on
Axel Heiberg Island provide an excellent opportunity to fill a gap in our understanding of High Arctic
ecosystems, and the establishment of a long-term monitoring program can then be used to detect
environmental change over time. But in order for a monitoring program to successfully detect
changes to these Arctic ecosystems over time, we must already have a basic understanding of the
arthropod communities that are already naturalised on the island. Because even this baseline
information is currently lacking, intensive surveying is therefore the first step for the program.

According to the instructions sent to me by Natasha Lear (Environmental Administrator, NIRB), a
French translation of my description is only necessary if the affected community includes the City of
Igaluit. | have copied and pasted her instructions here: Please include a non-technical summary
description of the proposed project in English and in the applicable languages of all potentially-
affected communities: Inuktitut (Kivalliq, North/South Baffin, Eastern Kitikmeot), Inuinnaqtun
(Cambridge Bay, Kugluktuk, Bay Chimo and Bathurst Inlet) and French (City of Iqaluit).
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Personnel

Personnel on site: 5

Days on site: 62

Total Person days: 310

Operations Phase: from 2018-07-01 to 2018-09-01
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western- | Scientific/International | Crown Expedition Fjord on Axel |There are no known |Axel Heiberg
central Polar Year Research Heiberg Island is located |archaeological sites in |lIsland is
Axel within a polar desert western-central Axel |uninhabited,
Heiberg climate, with the Heiberg Island. The except for the
Island surrounding landscape area is however seasonally
and conditions providing |potentially of interest |occupied McGill
an invaluable opportunity |to palaeontologists. Arctic
to examine terrestrial Research
processes in a cold, dry Station. The
environment. The closest human
scientific activities based settlement is
out of the McGill Arctic the Eureka
Research Station research base
(M.AR.S.) are extremely on Ellesmere
broad in scope, Island. The
representing physical, closest Inuit
biological, and community is
technological Grise Fiord on
investigations (Pollard et Ellesmere
al., 2009). Island.
McGill Scientific/International | Crown From McGill website: The | There are no known |Axel Heiberg
Arctic Polar Year Research McCill Arctic Research archaeological sites in |Island is
Research Station (MARS) is located | western-central Axel |uninhabited,
Station 8km inland at Expedition |Heiberg Island. The except for the
(principal Fjord, Nunavut, on area is however seasonally
study Central Axel Heiberg potentially of interest |occupied McGill
area) Island in the Canadian to palaeontologists. Arctic

High Arctic
(approximately 79°26'N,
90°46'W). Established in
1960, MARS is one of
the longest-operating
seasonal field research
facilities in the high
Arctic. The station
consists of a small
research hut, a cook
house, and two

Research
Station. The
closest human
settlement is
the Eureka
research base
on Ellesmere
Island. The
closest Inuit
community is
Grise Fiord on

temporary structures. Ellesmere
MARS can comfortably Island.
accommodate up to
twelve persons.
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The following
instructions were
provided to me by
Mosha Cote
(Manager, Research
Liaison, Nunavut
Research Institute):
You will need an NRI
Land, Marine and
Freshwater License.
To obtain the
necessary
authorizations for
this, please visit the
Nunavut Planning
Commissions website
at
WWWw.npc.nunavut.ca
and create an
account and submit
your project
proposal. Once a
conformity
determination for
land use is released,
they (The NPC) will
then send your
proposal to the
Nunavut Impact
Review Board for
possible screening.
After about 45 days
from when you first
submitted your
proposal, they (The
NIRB) will then
distribute a positive
screening decision,
which will then allow
me to distribute your
license.

Applied, Decision
Pending

Project transportation types

Transportation
Type

berDe lal€ Length of
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Air

Air transportation
to the McGill
Arctic Research
Station (MARS)
on Axel Heiberg
Island is
supported by de
Havilland Canada
DHC-6 Twin
Otter aircraft of
Kenn Borek Air
Ltd. operating
out of the Polar
Continental Shelf
Program (PCSP)
in Resolute Bay.
Logistical support
for my project is
included in the
logistics request
form submitted
to the PCSP by
Dr. Wayne Pollard
(Director, MARS)
under MARS
baseline studies.

Project accomodation types

Permanent Camp
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de Havilland Canada DHC-6
Twin Otter

—_

Length: 15 m; Wingspan:
20 m

Transportation to and
from the McGill Arctic
Research Station (MARS) is
supported by Twin Otter
aircraft of Kenn Borek Air
Ltd. operating out of the
Polar Continental Shelf
Program (PCSP) in
Resolute. Logistical support
for my project is included
in the logistics request
form submitted to the
PCSP by Dr. Wayne Pollard
(Director, MARS) under
MARS baseline studies.

hand trowel

37 cm x 18 cm

Collection of soil samples.

hyperspectral camera

11cm x 30cm x 10cm

Hypersprectral imaging of
tundra terrain to reveal
differences in vegetation
cover, in order to classify
and define the boundaries
of microhabitats on Axel
Heiberg Island.

Insect pan 60 18cm diameter Collection of terrestrial
arthropods
Aerial drone 1 45 cm - 50 cm frame size | Hyperspectral imaging of

tundra terrain from the
air.
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Aviation fuel |fuel 6 205 1230 Liters Fuel for

aircraft at the
McGill Arctic
Research

Station. There
are four (4)
fuel storage
locations for
205 litre fuel
drums: these
include one
adjacent to
the runway to
store fuel for
aircraft (Jet-A,
Jet-B). The




number of
fuel drums
stored
adjacent to
the aircraft
runway
fluctuates as
a result of
fuel caching
by PCSP.

Gasoline

fuel

205

615

Liters

Fuel for
snowmobiles,
ATVs, and
generators at
the McGill
Arctic
Research
Station (note
that vehicles
are not
relevant to
the applicant's
project).
There are
four (4) fuel
storage
locations for
205 litre fuel
drums: these
include one to
store fuel for
motorized
equipment
such as
snowmobiles,
ATVs, and
generators
(gasoline).

Diesel

fuel

205

1230

Liters

Fuel for heat
at the McGill
Arctic
Research
Station. There
are four (4)
fuel storage
locations for
205 litre fuel
drums: these
include three
for storing
fuel and/or
feeder drums
to heat
buildings
(diesel).

Propane

fuel

45

90

Kg

Fuel for
heating
(stove) and




cooling
(freezer) at
the McGill
Arctic
Research
Station. There
is one (1)
storage area
next to the
kitchen
building.

Propane fuel

54

Kg

Fuel for
heating
(stove) and
cooling
(freezer) at
the McGill
Arctic
Research
Station. There
is one (1)
storage area
next to the
kitchen
building.

solution

70% ethanol |hazardous 9

0.5

4.5

Liters

Preservation
of arthropod
specimens.
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0 The McGill Arctic Research Station |Colour Lake is well established as
has a pump to retrieve water from |the source of water for camp
Colour Lake for camp purposes. purposes at the McGill Arctic
Research Station (since 1960).
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Scientific/International | 4*Cd* 60 pounds At the McGill For additional details, please
Polar Year Research |[Addc (D% )¢ Arctic Research |refer to the attached
Station, there is |document NPC
a SmartAsh Environmental Impacts and
Incinerator for Proposed Mitigations.
processing of
combustible
wastes.
Scientific/International | ALA® 205 L At the McGill For additional details, please
Polar Year Research [dD®CDLarLIC Arctic Research |refer to the attached

Station, grey
water is disposed
of in a sump
constructed from

document NPC

Environmental Impacts and
Proposed Mitigations.




a perforated 205
litre barrel
buried 50 cm
into gravel, which
is located > 50
m from any
streams or water

bodies.
Scientific/International | 4*Cd¢ 60 pounds At the McGill For additional details, please
Polar Year Research |AddcCD<{%a *M )¢ Arctic Research |refer to the attached
Station, all glass, |document NPC
metal, non- Environmental Impacts and

burnable waste |Proposed Mitigations
and incinerated
ash is packaged
in empty 205
litre fuel drums
and removed
from camp on
the first available
aircraft for
proper disposal.

Scientific/International | ‘d®Cc o™ 62 pounds At the McCill For additional details, please
Polar Year Research Arctic Research |refer to the attached
Station, there is |document NPC

an Incinolet toilet |Environmental Impacts and
for solid human |Proposed Mitigations.

waste disposal.
Liquid human
waste is disposed
of in a latrine.
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This scientific research project involves digging several small depressions into the ground, spread out over a
large area, in order to lay down insect pans. Soil from the small depressions will be collected for extraction of
soil-dwelling arthropods. The environmental impact of digging these small depressions will be negligible, because
each depression will be small and shallow (the minimum size to fit an 18 c¢cm diameter dish), and requiring only a
small hand trowel to carry out the task. Furthermore, the same depressions will be re-used every field season
as this is a proposed long-term monitoring project. This project involves the collection of a significant number of
terrestrial arthropods. Care will be taken to ensure that insect pans are spread out sufficiently (if necessary,
modifying the collection protocol) so that they do not have any significant negative impact on local arthropod
populations.
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From Pollard et al. (2009): Polar desert conditions characterized by cold, dry winters and cool summers are
predominant in the region. The nearest long- term meteorological records are from Eureka, which reveal a
mean annual air temperature (MAAT) of negative 19.7 degrees C, mean monthly temperatures of negative
36.1 1 degrees C and positive 5.4 degrees C for January and July, respectively, and minimum air temperatures
frequently reaching negative 55 degrees C. Periodic meteorological records are available for Expedition Fjord
over the past 47 years, with a more complete record for Colour Lake available since 1992 displaying a MAAT
of negative 15.5 degrees C (Andersen et al., 2008). Recent data from a broader network of automatic weather
stations for the Expedition Fjord area indicate MAAT's as much 2-3 degrees C cooler than the Colour Lake site
depending on setting.Annual precipitation at Eureka consists of approximately 64 mm total, of which 60% falls as
snow (Pollard and Bell, 1998). Though long-term precipitation values are not available for Expedition Fjord, it is
assumed that the totals are somewhat greater than those measured at Eureka likely due to a rain shadow
effect caused by the mountain range on the eastern Axel Heiberg Island that blocks precipitation systems from
reaching Ellesmere Island (Edlund and Alt, 1989). Earlier research near Expedition Fjord suggests a mean annual
accumulation of 371 mm of water equivalent on the nearby Mueller ice cap (Muller 1963).2.2. Geology: Axel
Heiberg Island is situated within the Sverdrup Basin (Hoe 'n, 1964; Thorsteinsson and Tozier, 1970), a
northeasterly striking sedimentary trough covering an area of approximately 3,13,000 km2 (Pollard et al.,
1999). Near the head of Expedition Fjord, where the M.A.R.S. camp is located, peaks rise to a maximum of
approximately 2000m ASL. Asymmetrical ridges resulting from breached anticlines are characterized by steep
scarp faces angled 70-801 and dip slopes of 25-351.Though piercement structures can create somewhat
regular and symmetrical slope features, the area is dominated by ‘serrated’ profiles resulting from gypsum
weathering and anhy- drite outcrops along with resistant volcanic sills and dikes. The island is characterized by a
series of evaporite diapirs that have been revealed by erosion over the past tens of thousands of years. The
diapirs were formed by the upward intrusion of Upper Paleozoic evaporites and often appear as large domed
structures cored by rock salt (Stephenson et al., 1992). The Carboniferous evaporites are comprised of an
upper anhydrite layer up to 500 m thick with limestone interbeds overlying a lower layer of rock salt
(Stephenson et al., 1992).Seven perennial spring sites have been identified on Axel Heiberg Island (Pollard et al.,
1999; Andersen et al., 2008). The discharge temperatures are between 4 and +12 1C and flow rates vary from
o1 to 30-40 I/s. Discharge is typically mineralized with varying amounts of dissolved salts that depress their
freezing temperature. The springs derive their dissolved salts from the underlying evaporates and their location
most often can be linked to a nearby diapir.2.3. Permafrost/geomorphologyPermafrost is defined as any ground
material that stays below 0 1C for at least two consecutive years (van Everdingen, 2002). The depth of
permafrost at the M.A.R.S. camp is estimated to be 400-500 m based on surface temperature and regional
heat flow patterns. Approximately 60km from M.A.R.S., the thickness of permafrost observed in an exploration
well (oil and gas) was greater than 400m, a value consistent with other exploration wells in the region that
revealed permafrost depths 400-600m (Taylor and Judge, 1976). The thin seasonally thawed active layer atop
the permafrost typically measures 40-60cm in thickness.Quaternary sediments of fluvial, deltaic, marine, and
glacial origins comprise the surficial deposits, with tussock microtopo- graphy dominating lower wet areas and



poorly sorted circles and stripes evident at mid-elevations while bedrock dominates higher elevations. Several
characteristic permafrost landforms are wide- spread throughout the region, including several small pingos at
Middle Fjord, icing blisters and mounds in the Expedition River floodplain, and extensive polygonal terrain and ice
wedge development in fluvial and colluvial deposits. Ground ice is also widespread with ice bonded permafrost
occurring in unconsoli- dated materials, buried glacier ice occurring in most moraines, and bodies of
intrasedimental ice occurring beneath fine-grained marine deposits. Source: Pollard, W., Haltigin, T., Whyte, L.,
Niederberger, T., Andersen, D., Omelon, C.,Nadeau, J., Ecclestone, M., and Lebeuf, M. 2009. Overview of
analogue science activities at the McGill Arctic Research Station, Axel Heiberg Island, Canadian High Arctic.
Planetary and Space Science 57: 646-659.

L e 4€ND< boA D cabo®l: DLI®*ChioL

From my personal observations in 2016: Western-central Axel Heiberg Island is a relatively lush Arctic locality.
the terrain comprises a mosaic of diverse microhabitats, differing in vegetation cover. There is a large variety
of plant life. Fungi and lichens are abundant. Terrestrial arthropods are the most conspicuous animal group
present, especially spiders, true flies and springtails. Common birds include Snow Buntings, Long-tailed Jaegers
and Rock Ptarmigans. Common mammals include Arctic hares, Arctic foxes, and ermines.
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Axel Heiberg Island is uninhabited, except for the seasonally-occupied McGill Arctic Research Station.

Miscellaneous Project Information
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This project involves digging several small depressions into the ground, spread out over a large area, in order to
lay down insect pans. Soil from the small depressions will be collected for extraction of soil-dwelling arthropods.
The environmental impact of digging these small depressions will be negligible, because each depression will be
small and shallow (the minimum size to fit an 18 c¢m diameter dish), and requiring only a small hand trowel to
carry out the task. Furthermore, the same depressions will be re-used every field season as this is a proposed
long-term monitoring project. This project involves the collection of a significant number of terrestrial
arthropods. Care will be taken to ensure that insect pans are spread out sufficiently (if necessary, modifying the
collection protocol) so that they do not have any significant negative impact on local arthropod populations.

Cumulative Effects
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