Species Richness

BIOPHYSICAL CHANGES RELATED TO COASTAL THERMOKARST
ON HERSCHEL ISLAND, WESTERN CANADIAN ARCTIC

Introduction

Herschel Island is located 3 kilometres off the mainland of the Yukon coast
In the Canadian Beaufort Sea. The island is made up of highly deformed
fine-grained sediments that were pushed into place by advancing ice sheets
during the last glacial period. Herschel Island and the adjacent Yukon
coastal plain are underlain by ice-rich continuous permafrost which is
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subject to dramatic landscape changes related to thermokarst and coastal
erosion. Large bodies of almost pure ground ice, often several metres thick
and extending for hundreds of metres are common and when this massive
ice becomes exposed, large retrogressive thaw slumps and landslides
frequently develop, and erosion is intensified. Our studies over the past
decade indicate that the nature and magnitude of these changes may be
Increasing. As part of an IPY project entitled the 39X O Q H UoDIEd-Cotew \
Environments 9, & ( we began an integrated study concerned with the
analysis of changes related to degrading permafrost on Herschel Island.
This poster reports the preliminary findings of the 2008 field program by a
team of students and researchers from McGill University. Included are (1)
GPS mapping of key features and structures into a simple GIS, (2)
biogeographical analysis of revegetation patterns for disturbed surfaces (3)
detailed observations on permafrost stratigraphy and ice contents, (4) GPR
mapping of ground ice distribution, and (5) a survey of thermokarst activity
for the island. The data presented focus on 2 areas of thermokarst activity
where annual retrogressive thaw slump retreat rates average 10-15 metres
per year. Our ongoing observations indicate annual coastal retreat rates of
0.5 to 1.0 m/yr and dramatic changes to coastal depositional landforms. The
results of this study are being incorporated into a GIS that helps characterize
both the spatial pattern and rates of change. These changes are significant
because of their impact on sites of cultural importance to the Inuvialuit.

GPS Surveying : To survey Hershel ,V O D @EofjMssive thaw slumps, a
Trimble 4700 differential GPS unit was used. To achieve annual consistency,
Hydrographic & D Q D b&nffhmark 3 was used as the base station location,
and data were recorded using UTM 7N WGS 1984. To maximize data
collection, slump headwalls were measured using a continuous kinematic
survey with a ten-second interval. GPS points were recorded with sub-meter
accuracy, and as close as possible to the actual ice interface (i.e.
overhanging active layer not recorded). Raw data were then uploaded from
the Trimble receivers and into Trimble Survey Office 1.5, where they were
post-processed and then exported as shapefiles. The preliminary retreat
distances were determined using ArcGIS 9.3, where shapefiles were
overlaid on a 2001 IKONOS base layer and distances measured by taking
the maximum and minimum differences between the headwalls of various
years.

Site 3

Figure 1: Map showing the location of Herschel Island and
IKONOS composite.

Site 4

Figure 2: Two additional sites
(3 & 4) where GPS surveys
demonstrate time series of

change. GPS data are mapped

on to a 2001 IKONOS image

Vegetation Surveys: This part of the study examined the succession
patterns of vegetation in and adjacent to retrogressive thaw slumps. Specific
objectives included determining changes in species richness for disturbed
surfaces of different ages and assessing the degree to which fully vegetated
disturbed sites vary from undisturbed areas. The data presented are from
Site 1 at Collinson Head. At this site a series of transects were laid out across
the slump floor and above the headwall. Five zones were identified; the
unstable slump floor (Zone 1), the area at the side of the slump floor
beginning to stabilize (Zone 2), the area beside the slump that was recently
stabilized (Zone 3), the stabilized area located above the headwall (Zone 4),
and the undisturbed area upslope of the stabilized zone (Zone 5). In each
zone, multiple samples were taken to determine representative species by
randomly locating sites along transects, and taking 4 samples (quadrats) at
each site. A total of 18 sites were established and labeled alphabetically;
Zone 1 contained sites K ,L & M, Zone 2 contained sites N & O, Zone 3

In addition to chamomile and artemesia. With stabilization, zones become
much more diverse, as seen through species composition in Zones 3 and
Zone 4. At this point, common species in each include yarrow, wormwood,
and lousewort. Zone 4 also contains a large population of dwarf willow
species, so willow is perhaps an indicator of stabilization. Zones 4 and 5
contain many of the same species, with the exception of willow. The
undisturbed zone is the only zone to contain non-dwarf willow species.

There is a dramatic increase in the number of species present when
moving from Zone 1 to Zone 5, based on total species present (Table 1)
and species grouping (Figure 3). Although Figure 3 only illustrates
groupings of species, the general pattern of the increasing presence of the
different groupings of vegetation data is evident. Succession within the
slump begins with mainly the development of grasses and culminates in
willow development. However, from the above data, it appears that non-
dwarf willow species only occur in areas which have not been affected by

contained sites H, I, & J, Zone 4 contained sites A, B,C, D, E, F & G, while P,
Q & R were located in Zone 5.

Within each quadrat, plants were classified into a number of categories.
These Included sedge, grass, lichen, moss/liverwort, equisetum, dryas,
cassiope, lupine, coltsfoot, unknown forb, salix, dwarf salix, bare ground,
litter, rock, and water. Among these categories, those pertaining to plant
species were tallied to determine species richness according to zone, as
seen Iin Figure 3. Since vegetation data was classified into categories,
species richness in this case Is actually a measure of the presence of the
species groupings. Some categories include a number of different species,
like salix, but these were grouped together for efficiency. Figure 3 shows a
gradual increase in the species richness as one moves from the un-stabilized
slump floor, to the area beginning to stabilize, to the recently stabilized zone,
to the stabilized area, and finally to the undisturbed area. Standard deviation
was noted on the figure using error bars, which show that although there is
an increase between species groupings from the stabilized to the undisturbed
areas, these areas are still relatively similar to one another.

Within each zone, all species were collected and identified. Table 1
contains a complete list of the species in each of the five zones. Zone 1, the
un-stabilized zone, contains very little vegetation, as it is mainly bare ground.
Only one type of vegetation is found here, grass species Arctophila Rupr.
Zone 2, the zone beginning to stabilize, contains the same grass as Zone 1,

Location

Figure 3 : Species richness based on location relative to the thaw slump

retrogressive thaw slumps.

Area Species Common Name | Species Scientific Name
Unstabilized Pendant Grass Arctophila Rupr.
(Zone 1)

Beginning to stabilize
(Zone 2)

Pendant Grass
Arctic Wormwood
Sea-shore Chamomile

Arctophila Rupr.
Artemesia norvegica
Matricara ambigua

Recently stabilized
(Zone 3)

Common Yarrow
Pendant Grass
Tilesius's Wormwood
Richardson's Fescue
Sea-shore Chamomile
Whorled Lousewort
Northern Jacob's Ladder

Achillea millefolim ssp. Borealis
Arctophila Rupr.

Artemesia tilesii

Festuca richardsonii

Matricara ambigua

Pedicularis verticillata
Polemonium boreale

Common Horsetail

Star Gentian

Arctic Lupine

Arctic Sweet Coltsfoot
Northern Jacob's Ladder
Alpine Bistort

Arctic Willow
Net-veined Willow
Wooly Willow

Spider Plant
Stiff-stemmed saxifrage
Heart-leaved Saxifrage

Stabilized Common Yarrow Achillea millefolim ssp. Borealis
(Zone 4) Arctic Wormwood Artemesia norvegica

Tilesius's Wormwood Artemesia tilesii

Elegant Paintbrush Castilleja elegans

Mountain Avens Dryas integrifolia

Arctic Sweet Coltsfoot Petasites frigidus

Northern Jacob's Ladder |Polemonium boreale

Alpine Bistort Polygonum bistorta ssp. Plumosum

Arctic Willow Salix arctica

Net-veined Willow Salix reticulata

Spider Plant Saxifraga flagellaris
Undisturbed Polar Grass Arctagrostis latifolia
(Zone 5) Mountain Avens Dryas integrifolia

Equisetum arvense
Lomatogonium rotatum
Lupine Arcticus
Petasites frigidus
Polemonium boreale
Polygonum bistorta ssp. Plumosum
Salix arctica

Salix reticulata

Salix richardsonii
Saxifraga flagellaris
Saxifraga hieracifolia
Saxifraga nelsoniana

Table 1: List of species by location (Zone)

Figure 5: Collinson Head
stratigraphy & ice contents

Cryostratigraphy : The cryostratigraphy of Hershel Island reflects the
glacial and permafrost history of the area. Herschel Island is a glacial
iIce-thrust feature composed of near-shore marine clay-silts from the
Beaufort Shelf (Herschel Basin). During retreat of Laurentide ice the
glacial melt provided ample water for ground ice aggradation. The
stratigraphy of eastern Herschel Island was analyzed by measured
sections at two ground-ice exposures, one on Collinson Head (Site 1)
and the other on Thetis Bay (Site 2) shown in figure 4. Stratigraphic
units and cryogenic textures were described in the field and samples
were collect to find gravimetric ice content, particle size analysis and
organic carbon content.

At Collinsion Head, the upper unit (debris flow) is composed of
massive silt with thin ice lenses below the active layer. The ice content
Increases downward towards a thaw unconformity with the underlying
iIce-rich unit. Random gravel and small well rounded cobble-sized clasts
together with organic matter occur in this unit. This morphology is a
result of past slumping activity. This unit unconformably overlies a
layered to poorly laminated massive ice unit.

(7a): Collinson Head, 50MHz profile parallel to slump headwall

permafrost table

(7b): Collinson Head, 50MHz profile normal to slump headwall

permafrost table

ice-rich layer

Figure 7. Radargrams showing the shallow ground ice stratigraphy at Sites 1.

Figures 7, 8 and 9 present a range
of GPR-related outputs focusing on
the stratigraphic context of the
ground ice.

Figure 8

Figure 9

Subsurface model above the slump of Collinson Head created
using Surfer software. Depth measurements were acquired
using ground-penetrating radar (GPR).

Ramac GPR with 50 MHz RTC antenna

Detailed model of ground ice thickness at Collinson Head created
using ArcGIS and ArcScene software. See Figure 8 to see how ground
ice relates to other subsurface layers
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A key to understanding the behavior of permafrost landscapes is the
assessment of the nature and distribution of ground ice. In particular the
vertical and horizontal measurement of ice contents and an assessment of

potential thaw subsidence. In this study 2 complimentary approaches are used, to
assess ground ice conditions: cryostratigraphic mapping of exposed permafrost

sections and geophysical mapping using ground penetrating radar.

Figure 4: Oblique aerial photographs
of Sites 1 & 2 at Collinson Head and
Thetis Bay (respectively). Insets
show GPS survey positions of
retreating headwalls mapped onto a
2001 IKONOS image.

Figure 6: Thetis Bay stratigraphy & ice contents

The cryotexture grades from lenticular to horizontal layering across the thaw
unconformity signifies the transition to older permafrost. The massive ice unit is
underlain by a sandy-gravel unit exposed in the coastal bluff below the slump
coast. This unit has a massive silt-sand matrix with well rounded gravel
coarsening downward into small cobbles. This stratigraphic pattern supports
an intrasedimental ice origin involving ground water migration in the gravel to
form the ice-rich unit at the base of fine-grained marine sediments.

The Thetis Bay stratigraphy is highly deformed and considerably more
complicated. The exposure includes a debris flow unit, similar to Collinson
Head, that is underlain by a series of sub-horizontal and undulating ice-poor,
iIce-rich and massive ice units that are truncated by the thaw unconformity. This
ground ice Is probably segregated ice formed from subsurface waters during
deglaciation. Units 2 and 4 contain randomly oriented blocks of sediment in a
matrix of bubble rich ice and icy sediments. This Is interpreted as possible
evidence of shearing caused by glacial deformation.

Ground Penetrating Radar Surveys : The general aim of this project was to
map and estimate the volume of ground ice at Collinson Head & Thetis Bay
using ground penetrating radar (GPR). Velocity measurements through
different sediments were calculated by relating two-way travel times of radar
pulses to the thickness of subsurface layers documented by stratigraphic
analysis of exposed headwalls. 3D models were constructed using ArcGlIS,
ArcScene, and Surfer software. The presence of clay-rich soil and wet
surface conditions were factors limiting the depth of signal penetration.
Groundvision software was used to process the raw GPR data. DC, band
pass, banding removal, and time gain filters were applied in that order. There

was a constant offset in the amplitude measured by each trace due to
Interference caused by the direct current used to power the instrument. The

DC filter removes this component from the data and allows for less SQRLV\"’

radargrams. The automatic band pass filter is used to sandwich the central
frequency of the system. The banding removal filter removes 3 U L Q MitQid ~
the profiles. Ringing is caused by signals repeatedly bouncing around within
an object or between two or more objects (common in transparent media like
iIce). Lastly, a time gain filter was used to compensate for the decrease in
signal strength with depth. The amplitude of a spherical wave spreading into
the ground decreases inversely with distance (1/r?) and exponentially due to
conductivity losses with subsurface materials.

A grid of GPR profiles were undertaken, however profiles normal to the
slump headwall reveal possible changes in ice structure as a function of
elevation (Figure 7b). At ~40-60 m upslope (at 112 s on the horizontal time
axis) the ice structure defined by GPR appears to shifts from lateral
continuous reflections to chaotic patterns characterized by multiple point
(hyperbolic) reflectors. This change in structure corresponds with the surface
transition from an old stabilized thaw slump to an undisturbed surface.
Surface 3G H E UQRgkediments in the earliest slump floor unconformably
overly older ice-rich materials. In the undisturbed material farther upslope the
transition to ice-rich sediment is probably gradual and there are probably
numerous ice wedges, this could explain why the radargrams reveals less
structure and point reflectors upslope. The radargrams also suggest that the
thickness of the ice-rich layer upslope is thicker. Profiles parallel to the
headwall, along with detailed 3D models of the subsurface (Figures 7, 8 & 9)
suggest a mean ground ice thickness of 3.34 m with a standard deviation of
0.75 m. Although the profiles reveal a ground ice structure that is relatively
reflection free, the limited resolution at 50 MHz hides impurities in the ice.
Diffraction patterns are characterized by hyperbolic reflectors, and are likely
Indicative of discrete objects (e.g. ice wedges, boulders) mixed with
subsurface gravel deposits in this case. This was a major clue in identifying
the base of the ice-rich layer. The diffraction patterns are still partially masked
by remnant ringing events after filtering. The limited thickness of the residual
iIce-rich layer may indicate an end of polycyclic slump activity at this site.
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