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Environment and Site Descriptions
of an Ecological Baseline Study in the Canadian Arctic:

The Tundra Northwest Expedition 1999
(Nunavut and Northwest Territories, Canada)

by Bente Eriksen', Manfred Bolter’, Karen Breen®, Greg Henry?, Esther Lévesque?,
Jan-Eric Mattsson’, Carolyn L. Parker® and Shelly Rayback’

Abstract: As a product of the terrestrial research group, this paper provides
basic information and results from the Swedish expedition “Tundra North-
west” 1999 for biodiversity in vegetation. It also serves to introduce further
papers on soils, soil organisms and vegetation. The expedition was based on a
mobile platform, the Canadian icebreaker “Louis St. Laurent”, and took place
from July to end of August 1999. The route went through the Canadian Arctic
Archipelago and was designed to cover latitudinal and longitudinal gradients
from east to west as well as from south to north. The gradients allowed to
obtain a synoptic view of arctic ecological features during a single season at
the 17 sites visited throughout the archipelago.

Zusammenfassung: Mit diesem Beitrag werden grundlegende Informationen
zur schwedischen Expedition “Tundra Northwest 1999” mit besonderer
Beriicksichtigung der Felduntersuchungen gegeben. Angefiigt sind erste
Ergebnisse zur Biodi-versitit der Vegetation. Diese Arbeitsgruppe untersuchte
vornehmlich Béden, Bodenbiologie und Muster der verschiedenen Pflanzen-
gesellschaften. Diese vom Eisbrecher ,,Louis St. Laurent” als Standquartier
aus durchgefiihrte Expedition dauerte von Mitte Juli bis Ende August 1999
und wurde in zwei Abschnitten durchgefiihrt. Ziel war eine synoptische Erfas-
sung Okologischer Faktoren innerhalb einer Saison auf 17 Stationen des kana-
dischen arktischen Archipels. Dieser Beitrag fiihrt ein in eine Reihe von
Untersuchungen, die auf den hier vorgestellten Stationen basieren.

INTRODUCTION

The general objective of the Tundra Northwest Expedition
1999 (TNW-99) was to conduct systematic and ecological
studies in the North American tundra along latitudinal and
longitudinal gradients within a single season. The ship-based
expedition was divided into two legs — Leg 1 from Ungava
Peninsula to southern Banks Island and Leg 2 from Ivvavik,
northern Yukon, to Baffin Island — with continuous projects,
and partial overlap in personnel. In total, about 70 scientists
participated in 42 scientific projects. The scientific pro-
gramme comprised five major themes (Gronlund 1999, Molau
et al. 1999):

A: Trophic interactions in the tundra;

B: Biodiversity;

C: Migration, dispersal, and functional adaptations;

D: Trophic structure in freshwater ecosystems;

E: Impacts of climate change and pollution.
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Many studies predict that the greatest impact of global change
will be on the polar region (ACIA 2004) and in this context
some questions are becoming more and more pressing:

- How will the plant communities present today in the Arctic
change in response to longer (or shorter) growing seasons,
to dryer (or wetter) summers, or to intensive grazing?

- Are some plant communities more likely to respond to
change by the establishment of new individuals? Which
ones? Why?

- Can we expect new species to colonize the northern
regions? Which area should we monitor to measure such
changes?

- Could some species already present in the soil, although in a
dormant stage, contribute rapidly to vegetation change?

This, especially, since we know that the cold conditions in the
Arctic may favour the persistence of viable seeds in the soil for
extended periods of time (e.g., MCGRrRAw et al. 1991). The
questions are complex and must be addressed by specialists
studying different aspects of the ecosystem.

The TNW-99 expedition provided the opportunity to take
concerted action, and the researchers set out to collect the
baseline data required to answer some of these questions. This
paper reports on findings from Theme B: Biodiversity. The
collaborative effort under the biodiversity theme aimed at
documenting the present-day vegetation patterns along geo-
graphical and ecological transects, allowing formation of a
comprehensive data base on soils, soil biology and vegetation
in arctic environments. With this information at hand, it should
be possible to interpret interactions between climate, vegeta-
tion and soils, and to get a better understanding of the interac-
tion between bioclimatic and phytogeographic zonations. In
addition, a proposed re-visitation of the sites in 25 or 50 years
has the potential to provide us with a key to understand what
happens to the arctic environment under climate change.

The overall scientific aims of the concerted action of the

biodiversity theme were:

(1) to study changes and patterns in species richness and
diversity along geographical gradients (latitude and es-
pecially longitude, which has been largely ignored up to
now);

(2) to relate the patterns in species richness and diversity to
abiotic and ecological factors by contrasting dry and mesic
habitats and to biogeographical factors by selecting sites
with varying glacial history;
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(3) to assess the similarity of species richness and species
diversity across groups of organisms both within and
among sites (e.g., diversity in vascular plants and mycor-
rhizal fungi), and across functional as well as taxonomic
groups; and

(4) to estimate sampling efficiency for diversity estimates (by
comparison with the total species richness recorded from
the area).

The scientists contributing to the topic (B) Biodiversity also
worked on individual projects, with objectives clustering into
three topics: (i) small scale biodiversity, (ii) genetic diversity
and (iii) comparative phylogeography. The results from in-
dividual projects can be used to assess the variation in species
richness and composition at a small scale (1-2000 m), within
as well as among sites and groups of organisms. Special em-
phasis was placed on soil properties and soil microbes, i.e.,
bacteria, fungi, cyanobacteria, soil algae and small soil-dwell-
ing animals, as well as soil organic matter. These data were
used as a link between the above-ground and below-ground
biomass. Individual results can also be used to assess the ge-
netic diversity within populations of selected organisms at a
local scale (1-10 km) and among populations at the landscape
scale (>100 km). By comparing such information among se-
lected organisms it may be possible to detect, for example,
glacial refugia in the area and / or migration routes. A direct
comparison between genetic and species diversity at each site
is also interesting from a methodological point of view.

One of the most interesting questions relating to the climate-
change issue is whether or not the arctic vegetation possesses
the ability to respond quickly to environmental changes. The
biodiversity of any ecosystem includes all the species present
in the standing crop (i.e., juvenile and adult populations) and
the pool of species stored in dormant stages (e.g., seed banks
of plants or cysts and long-lived larval stages in insects). Seed
banks are the result of seed accumulation due to past seed
production on the site and of seed arrival by dispersal (e.g., by
wind or animals). Seed banks are essential to the development
of vegetation; if a new species is to establish on a site its seeds
have to be, at least for a time, part of the seed bank. In our
efforts to understand the diversity and dynamics of terrestrial
arctic ecosystems, a better knowledge of what is stored in
arctic soils is essential in order to predict how the vegetation
can respond to change.

Part of the biodiversity theme addresses this question by quan-
tifying the seeds present in the soil of two adjacent plant
communities (one with abundant plant cover and the other
with sparse vegetation) at each site visited throughout the Ca-
nadian Arctic (LARSSON & LEVESQUE 2002).

This paper, then, provides basic site information and results
collected in a team effort of the biodiversity theme on the
Swedish TNW-99 expedition. A number of studies reporting
on vegetation and soils, carried out under the “International
Biological Programme” (IBP) or other programs exist (e.g.,
BrowN et al. 1980, BLiss et al. 1981, SvOBODA & FREEDMAN
1994) but they all have more local perspectives. The large-
scale investigation described here is unique.
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GENERAL DESCRIPTION OF THE AREA VISITED

The Arctic Region, here defined as the area above the north-
ern tree line, covers about 30 % of Canada and about 5.5 % of
the worldwide land surface (BROwWN et al. 1980). It can be
divided into five bioclimatic zones according to the consensus
agreed upon by the Panarctic Flora Project (ELVEBAKK et al.
1999; Fig. 1). The nomenclature proposed is:

Zone A: Arctic polar desert zone (northern High Arctic zone);
Zone B: Northern arctic tundra zone (middle High Arctic
zone);

Zone C: Middle arctic tundra zone (southern High Arctic
zone);

Zone D: Southern arctic tundra zone (northern Low Arctic
zone), and

Zone E: Arctic shrub-tundra zone (southern Low Arctic zone).

ELVEBAKK et al. (1999) define the zones as follows:

Zone A has a desert-like appearance with widely scattered
phanerogams which do not experience rhizosphere competi-
tion; the cover is mostly below 5 %. Locally cryptogams can
present a more closed cover, but only in azonal situations. The
arctic polar desert zone has a very short growing season and
only poor soil development (EVERETT et al. 1981). Scattered
herbs of genera such as Saxifraga, Draba, Cerastium, Papaver
and Phippsia are the most common.

Zone B typically comprises a component of prostrate shrubs
like Dryas spp. and Salix spp. The plant cover is discontin-
uous but not desert-like (except in extremely calcareous areas
of arctic Canada). Mires with Carex and Eriophorum are pre-
sent and peat accumulation occurs.

Zone C is dominated by the dwarf shrub Cassiope tetragona.
The vegetation is generally closed, and minerotrophic fens
often cover large areas. Epilobium latifolium communities are
characteristic along rivers.

Zone D is still dominated by dwarf shrubs but species of the
genera Betula, Empetrum, Salix, and Vaccinium are replacing
Cassiope tetragona. Peat is accumulated in mires and tussock
tundra dominated by Eriophorum vaginatum covers extensive
areas.

Zone E has ridge vegetation of Loiseleuria and Diapensia on
weakly acidic soils and of Dryas on calcareous bedrock. A
distinct podzol is being formed and shrubs of Betula, Salix,
and Alnus reach heights of more than 0.5 m. Bogs are largely
composed of Sphagnum, and in the Beringian area tussock
tundra dominates the landscape as in zone D.

Glacial history

Three major ice sheets were present in North America during
the Last Glacial Maximum (LGM), ~18 "“C ka BP (CLARK &
Mix 2002). The Laurentide ice sheet was the largest and had
its center over Hudson Bay and adjacent central Canada. In the
northern part of the Canadian Arctic Archipelago, the Inuitian
ice sheet formed. The third ice sheet, the Cordilleran ice sheet,
built up over the mountains of western Canada. These three
independent ice sheets are considered to have been more or
less in coalescence during LGM (CLARK & Mix 2002, MARs-
HALL et al. 2002, DYKE et al. 2002). Beringia, defined by the
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Fig. 1: Sampling sites in the Canadian Arctic visited during the “Tundra Northwest 1999 expedition. Circles numbered 1 through 9 = sites vi-
sited during Leg 1; Circles, numbered 10 through 17 = sites visited during Leg 2. Solid-drawn lines = borders between the five bioclimatic zo-
nes proposed by ELVEBAKK et al. (1999). A = Arctic polar desert, B = northern Arctic tundra, C = middle Arctic tundra, D = southern Arctic

tundra, and E = Arctic shrub-tundra.

Abb. 1: Probenorte in der Kanadischen Arktis wiahrend der Expedition “Tundra Northwest 1999”. Die Stationen 1-9 (Kreise) waren Teil des
ersten Fahrtabschnittes, die Stationen 10-17 lagen im zweiten Fahrtabschnitt. Die Einteilung der bioklimatischen Zonen erfolgte nach
ELVEBAKK et al. (1999) in A = Arktische Polarwiiste, B = nordliche Arktische Tundra, C = mittlere Arktische Tundra, D = siidliche Arktische

Tundra, E = Arktische Strauchtundra.

Swedish botanist Eric Hultén (HuLTEN 1937), is situated
between the rivers Lena (125 °E) in northern Russia and
Mackenzie (130 °W) in northwestern America. It is believed
to have served as a major arctic refugium during the Wiscon-
sinan glaciation. In the western part of the Canadian Arctic
Archipelago, Banks Island, Prince Patrick Island and most of
Melville Island also remained unglaciated (DYKE et al. 2002)
and, hence, formed additional refugia for the duration of the
stadial. To the east, there may also have been nunataks along
the coast of Ellesmere Island (ENGLAND 1999) and ice-free
glacial forelands on Baffin Island (MILLER et al. 2002).

Based on the available information on glaciation history, some
of the sites visited on the TNW-99 expedition are considered
to have been vegetated for at least 50,000 years and maybe
longer. These are Banks Island south (Site 9) and Ivvavik (Site
10). It also cannot be excluded that the site on Baffin Island
(Site 17) was revegetated from a partly local gene pool. The
ice retreated from the west towards the east, starting c. 18 ka
BP, melting away from the Hudson Bay area c. 5 ka BP. Hence,
the sites visited represent a variety of glacial histories resulting
in the large-scale biogeographic pattern we see today.

Geological and physiographic setting

Underlying the eastern arctic islands (Baffin, and the eastern
parts of Devon and Ellesmere islands) are granitic rocks of the

Canadian Shield. The terrain is mountainous and dramatic,
with steep-sided fjords, glaciers and ice caps, and peaks
reaching 1900 to 2300 m in elevation. The central and west-
ern islands are by comparison low-lying and subdued (gene-
rally <500 m), the hills flat-topped, and underlain mostly by
sedimentary rocks. In general, the soils of the granitic eastern
islands are acidic, while those of the west are calcareous and
very basic (pH >8). However, there are isolated pockets of
acidic soils in the western islands, where an acidic bedrock
forms the parent material (cf. BOLTER et al. 2006).

Climate

The major climatic regions of northern Canada have been split
into five sections (MAXWELL 1981) with significant dif-
ferences in temperature ranges, precipitation and net radiation
(BLiss 1997). Mean July temperatures vary according to loca-
tions, from 10 °C near the mainland coast and southern Victo-
ria Island, to less than 5 °C in the central islands. The length of
the frost-free season also varies with latitude and longitude,
with the longest growing seasons in the south and western
regions (e.g., southern Banks Island, Ivvavik National Park on
the north slope of the Yukon), from more than 100 frost-free
days near the tree-line at 60 °N to less than 30 at Alert, 82 °N
on Ellesmere Island.

Precipitation is relatively low across the Canadian Arctic
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(=200 mm annually), with local variations due to proximity to
open water and elevation. The lowest amounts of precipitation
are received in the central islands, while annual values >300
mm are typical in the mountainous regions of Ellesmere,
Devon and Baffin islands. The majority of the precipitation
falls as snow in winter. Most of the Canadian Arctic Archipe-
lago receives less than 100 cm snow per year, higher amounts
only being found in central (100-200 cm) and eastern (200-
300 cm) Baffin Island (FRENCH & SLAYMAKER 1993).

The harsh climate conditions pose various stress factors for the
living world in the Arctic. There are frequent freeze-thaw
cycles in the upper soil horizons from spring to autumn, dry —
wet situations, as well as strong gradients in nutrients and
habitats. Tussock tundra sites near Barrow (Alaska) are de-
scribed as the most biologically inactive areas due to their low
nutrient availability (CHENG et al. 1998). Arctic plants and
soil-dwelling organisms have obviously developed ways to
cope with these hard environmental conditions. Extremes in
temperature and moisture or nutrient availability need an
adaptation to wide ranges of environmental conditions. This
holds especially true for surface horizons, deeper layers down
to 1 m may be in favour of isolation effects and nutrient
enrichment from leaching, MICHAELSON et al. (1996) found
increased values of nutrients by a factor of 2.5.

Soils

High Arctic environments exhibit mostly well-drained soils
(RIEGER 1974), a fact which is true for most areas on fjells in
our studies. WOODLEY & SvoBoDA (1994) further state that
such areas often become xeric after snowmelt, and for that
reason become covered by drought-resistant lichen assem-
blages rather than higher plants. Dry sites are generally unfa-
vourable environments for plant and animal life. And low
temperatures and poor humidity in combination with elevated
salt content and intense UV radiation hamper microbial life in
the upper layers. Primary producers in these habitats are
mostly restricted to lichens, algae and few cyanobacteria,
which provide some nutrients for heterotrophic organisms.

The region is dominated by Cryosols, which show permafrost
within 1 or 2 m. Biologically, this region is generally des-
cribed as tundra and arctic desert. Nevertheless, it holds the
largest carbon resources on earth, accounting for about 14 %
of total carbon (PosT et al. 1982, GILMANOV & OECHEL 1995).
The large amount of accumulated carbon reflects the long
period of sequestration between production and decomposi-
tion, the soil here functioning as a sink. TARNOCAI (2004) and
SMITH & VELDHUIS (2004) have recent reviews on the soils of
the Canadian Arctic. Further data from this cruise have been
published by BOLTER (1999) and BOLTER et al. (2006).

Vegetation

The diversity and distribution of the present-day arctic flora
are highly influenced by the climatic changes that occurred
during the Quaternary. During periods of glaciation certain
areas remained ice-free and served as a northern refugia for
arctic and boreal biota, in which taxa have resided for a long
time and experienced genome evolution (ABBOTT et al. 2003).
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The Canadian Arctic is a patchwork of individual islands with
distinct habitats which host distinct populations of plants and
animals at scales of meters or below (RIEGER 1974). Vegeta-
tion patterns and plant growth forms may change drastically
within distances of just a few meters due to small-scale
patterns of topography and variation in hydrology and soil
chemistry (BLiss 1981, BLiss & SvoBoDA 1984, GEBAUER et
al. 1995, CHAPIN et al. 1988). Plant growth and distribution in
arctic environments are strongly influenced by the duration of
the snow-free period, which is related to topography, just as
they are by the general constraints of soil temperature, soil
moisture and nutrient availability (PRESS et al. 1998).

The gently sloped hills characteristic of many of the islands
provide the basis for a mosaic of favourable microclimates in a
matrix of scarcely vegetated land. In small areas, often just a
few square meters in size, with ameliorated climatic condi-
tions, plant growth is prolonged and there is more time for
microbial activity. These micro-ecosystems are like oases with
high diversity and intensive flowering. Very often the oases are
associated with colonies of lemmings, or a dead musk-ox, that
release nitrogen (ELLIOTT & SvOBODA 1994, COCKELL et al.
2001). Consequently, gradients and differences between local
aspects and individual habitats can be as large as between
different regions. Further, variation in mineralogy of the
parent material is much wider than in pedological features
(PAWLIK & BREWER 1975). However, correlations between soil
mineral content and vascular plant cover are hard to establish
(EpLUND 1983).

Relatively flat terrain in combination with a shallow active
layer above the permafrost table prevent rapid runoff of
melting water, keep soil moisture high for long periods and
thus form the so-called mesic sites. These areas are covered by
meadows with taller plants. Soils can have a thick brown top
layer penetrated by roots down to 30 cm or even more.
Elevated areas become dry and are dominated by cushion
plant-lichen communities. It has been demonstrated that the
micro relief is an important determinant of community type at
Alexandra Fjord (BATTEN & SvoBoDA 1994) and in Alaska
(PETERSON & BILLINGS 1980). This has been attributed to drai-
nage in response to relief patterns (WEBBER 1978).

Mesic and wet meadow communities with grasses or sedges
are the most productive landscapes in this area (WIELGOLASKI
et al. 1981, HENRyY et al. 1990), which can be related to suffi-
cient water support throughout the growing season. These
meadows also serve as the important forage grounds for geese,
caribou and musk-ox and as habitats for lemming and hare.
During the thaw period, wet conditions prevail, and this situa-
tion is valid for more than 80 % of the tundra region (RIEGER
1974). As forage grounds for animals they are important wet
areas in the Canadian High Arctic, although they occupy just
6 % of this land (BLIss & GOLD 1994), at the maximum.

SITE DESCRIPTIONS AND SAMPLING

The TNW-99 expedition took place during the summer of
1999 (June 18 to September 4) by an international party of
scientists from Sweden, Norway, Finland, Germany, Canada
and the United States. The expedition was organized and spon-
sored by the Swedish Polar Research Secretariat in coopera-



tion with the Federal Government of Canada and the Territo-
rial Governments of Nunavut and the Northwest Territories.
The Canadian Coast Guard icebreaker “Louis St. Laurent”
was used as a mobile research platform. Helicopters took the
scientists to and from shore.

Figure 1 shows the localities visited during the TNW-99. Lo-
calities numbered 1-9 were visited on Leg 1, localities num-
bered 10-17 on Leg 2. The sites are distributed from the
arctic shrub-tundra zone (Zone E) in the south to the arctic
polar desert zone (Zone A) in the north (ELVEBAKK et al.
1999), and from the most recently deglaciated areas around
Hudson Bay (=5 ka BP) in the east to the Beringian refugium
(>50 ka BP) in the west (DYKE et al. 2002). Table 1 lists the
sites, their position and altitude as well as the dates for each
visit. Table 2 gives a general description of each site. It
contains information compiled from data collected during the
expedition according to a common sampling protocol and data
from basic literature sources about Canadian ecosystems.
Figures 2-4 depict photographs of dry and mesic spots of the
landing sites which were chosen as areas for sampling and
vegetation mapping; Figures 5-9 show some examples from
soil profiles of sampling spots, details of related soil descrip-
tions can be found in BOLTER et al. (2006).

SitesLocation Dne Latitude Longitde Moist, Al Z
[N} W) (mj}

| L 2789 6292225 FIMAT G mesic 60 Ly

Peninsula

2 Mclville 5.7.99 67735.02 B1°42.20 dry 1M} C

Peninsula 3799 67¢53.11 K1°43,02 IMCsic )

3 Somerset 10,799 | 72°5538 33°27.02 dry 85 C

Lsland 10,7799 | 7225531 9392673 mesic i

R Resolute 12799 | 744199 | 9474978 dry 0 B

4 Bathurst 13799 | 7370442 | 9873098 dry 130 B

Lsland south 12799 | 75°04.34 QR73101 Imesic 110

5 Bathurst 16.7.99 | 76°26.22 | 97°56.64 mesic 20 B

Lsland cast

6 King 20799 6Y U666 VY53 dry 18} C

William [sl. 200,799 | 6970606 | 9873590 mesic A

7 Wollaston 227499 | 6972646 11454250 dry 00 D

Peninsula 33799 | 6972640 114743 51 mesic | &0}

8 Paulatuk 26794 69745 84 122702 R dry LIy 1L
20,709 | 0974585 122503002 mesic 80

9 Bunks IRTH9 | T1P4301 123°44 14 dry 290 D)

[sland south 28799 | 7174296 1237436 mesic 250}

10 Ivvavik 04.8.99 069925, 10) 139538 A0 dry 2490 L

L1 Cupe 08.899 | 70°29 127750 dry 1. E

Bathurst 08.8.99 | 70729 12750 mesic nd.

12 Banks 10.8.99 | 73°37.32 115°532 .02 dry 30 C

[sland north 10,899 | 73737 33 115751 43 mesic 20

13 Melville 13.8.00 | 75°N6.35 10753511 dry 30 B

[sland 13899 | 75°06.37 107738 .35 mesic 30

14 Ellel 18.8 99 T8735 59 14738 21 dry 1oy A

Rignes Tsland 1%.8.90 78955 54 104%38 34 mesic 1003

L5 Ellesruere | 22899 | 76°31.00 8674608 dry |80 C

Isl. south 22899 | 76°31.07 67601 Mesic 1RD

L6 Devon 258949 4732 49 8294719 dry an C

[sland south 25899 | 74°3249 82747 .10 mesic &)

17 Baflin J0R99 | BET26.21 6649 .24 dry 50 C

Island cast ANE99 | 6R°2622 6674924 mesic 0

Tab. 11 Locations visited dunng the TNW-99 exppedition. Sites 1-9 refer w0
Leg 1. Sites 10-17 1o Leg 2, A-L of colunin £ refer 1o the bioclimatic zona-
tioms in Figure 1,

Tab. 1: Positionen der Standore der TNW-99 Expedition, Standerte 1-9 pe-
héren zum Abschnitt 1 der Rewse, Standorte 10-17 zam Abschite 20 an der
Spalte 7 sind die hioklimatischen Zonen A-E (i die jewoiligen Standorte
angegchen (s, Abb, 1),

Sjte No
Landing site
Position

Date

Terr. ecosnne®

Sile remarks

Mesic site
Position (GPS)
Altitude

Frost patterns
Slope

Drainage
Permatrost depth
Plunt cover
Dominant spec.

1

Ungava Pemimsula (Quebec)

H2°HY N, T37H) W

July 2-3 1999

Northern Ungava Region (Region 31), low arctic, Lann -
8.5, tsum 3, twin -20, pann 200-300. continuous perma-
[rost, granilic bedrock, cryosols, marine and moraine depo-
sits,

mostly wet sites, “mesic” only along slopes with heath.,
willows. grasscs, Lleavily grazed vegetation. At higher
altiitudes only patchy vegetation, large snow fields at
northern slopes. Prost patterns only weak in lowlands.

62723 25N, TI4T 76°W

ol m

no

direction W, 2-3°

well

63 cm

> 100 G

Cassiope tetragona, Vaceiniwn vithy-ideea, V. nliginosnm,
Salix herhacea

Soil crust n

Roots down ta 30 em

Soil animals neratodes

Sail type Haplorthel

Stone content =3} G

Animal facees:  caribou

Site No 2

Landing site Melville Penmsula, Cape Robert Brown (Keowatin,
MNunavul}

Position O7"WFNLBIT3W

Date: July 5-6, 1999

Terr. ecorone®

Site remarks

Mesic site
Position (GPS)
Altitude

Frost patterns
Slop

Drainage
Permatrost depth
Flant cover
Daominant spec.

Soil crist
Roots down to
Soil ammals
Sail type

Slone content
Ammal lacces
Dy site
Position (OPS)
Altitude

Frosi patterns
Slope

Drainage
Permafrost depei
Plant cover
Daminant spec.

Soil crust
Roots down to
Sonl anmmals
Sail type
Stone content
Arimal facces

Sodia, Salix arctica

Foxe Basin Plain {(Region 233, mid-arctic, tann - L1, tsum 2,
twin -23. pann 100, continuous permafrost. cryosols,
roarine and glactal deposits.

Landscape with hills and gentle slopes, steep slopes near
the river. Vegetation with heath, grasses and mosses, on
dry areas dominated by maossflichen cushions. Only weak
frost patterns in wet areas with frost boils and slight poly-
Hons.

GTPRS N, R1P43.02°W

2Um

weak polyzon structures

direction W, 1-2°

not well drained, water logged in depressions
33 em

100 &%

Caxsiope tetragona, Drvas fntegrifoliu, Saliv aretica,
Curen bigelowii

it}

20 cm

nemulodes

Haplorthel

<3

carihbou. hare

BTEAS 02N RIB42 W

140 m

frost boils

direction / dipping 0¢

well drained

03 cm

85

Cassiope tetragente, Drvas integrifedia, Savifraga oppasiti-

maoss S lichen, 2 cm
20 em

neruatodes, rotatores
Haplowthel

20

caribou
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Site No
Landing site
Position
Date

Terr. ecozone®

Site remarks

Mesic site
Position {GPS)
Altitude

Frost patterns
Slope

Druinage
Permafrost depth
Plant cuver
Dominant spec.

Sl crust
Roots down to
Soil animals
Soil type

Stone contents
Animal facces
Dry sifc
Fosition {GP5)
Allwde

Irast partcrns
Slape

Drainage
Permufrost depth
Plant caver
Dominane spec.

3

Somersel 1sland, Creswell Bay (BalTin, Nunavut)
T2°35°N, 937 15°W

July 0-11.1999

Lancaster Plateau {Region 13), arctic, tann -13, tsum 2,
twin -26.5. pann J00-200. continucus permafrost, sedi-
menbary rocks, regosolic eryosols on colluv., alluy. mo-
rainal and marine sediments.

Landscupe with poorly vegetated hills with gravelly sur-
faces and larse wet depressions with dense caver of gras-
ses, Mesic sites at slopes, Frost patterns of bails and weak
polygons (d = 1-2 m), stripes.

T27R5 31N Y3726, 73°W

T0m

slight polygons

dircction 5. 37

well

40 cm

100 %

Carex misundra, C. stuny, Avetagrostiv lntifolia, Eriopho-
rim angustifolivon, Dryvas hegrifofia, Satix aretica
T}

25em

nemitodes

Psammaoturbel

=304

muskex

TIP3 3N U327 02°W

85 m

soil stripes

direction 8§, 3°

well

55 cm

[0 %

ryas imeprifolia, Safiv arcrica, Saxifraga opposicifolia,
C(H'(‘.\' J'HP(’.TFJ'II'F

Fosition {GPS)
Altitude

Frost patterns
Slope

Drainage
Permafrost depth
Plant caver
Nominant spec.

TS0 AZTN, ORTINRTW

L300 m

weak . small polygones. siripes

direction SW, 2°

well

45 cm

5%

Drvas inregrifolia dominated; Safiv arcrica, Papaver radi-
catunt, Drafxs corvebosan. Soxifroga oppositifofie also
common

Soil crust no

Roots down to 10 em

Soil amimals nematodes

Soil type Haplorthel

Stone content =70 %

Animal facces no

Site No 5

Landing sitc Bathurst Lsland North (Battin, Nunavut)
Fosition TET2ATN, G99°A0TW

Daie Tuly £6, 199G

Terr. acozone®
Site remarks

Mesi¢ sitg
Position {GPS)
Altitude

IFrost patterns
Slope
Drainage

c.f. Site 4
Flat area with shight hills. Yegeration doninaled by mosses
and lichens, frost patterns as small polygons and steipes,

T6°20.22°N.9T°00.04"W

20m

small polygons {d = 20-50 cm)
direction / dipping 0°

well

Permatrost depth 45 cm

Flant cover
Daminant spec.
Soal erust

) w4
Sevifectwa opprensétifolia
moss § lichen, 3-4 ¢m

Terr. ccozone™®

Site remarks

blesic site
Position {GFS)
Allitwde

Frost parterns
Slope

Drainage
Permatrost depth
Plant cover
Daominant spec.

Soil crust
Roots down o
Soil amimals
Soil type
Stone content
Animal facces

Soil crust no

Roots down 1o 13 cm

Soil animals: nematodes, collemboles

Soil type Haplorthet

Stane content > %

Animal fagces  muskox

Site No 4

Landing sitz Bathurst Lsland South, Dyke Acland Bay (Baftin, Nunavut)
Position TEOIN.YOTW

Date July t3-14, 1999

Parry Islands Platean (Region 12). high arctic. tann -17.3,
tsum - LA, owin <31, pann LK)- 130, continuous permalrost,
palacozoic carbonates and sandstones. cryosals on morain-
al and colluyial deposits.

Hills with fjells, weak to steep slopes with poar vegetation.,
Valleys and depression wel and well covered mainly by
mMOsses and grasses, mesic sites at slopes. Weak polygones
only in wel and mesic sites, Tost patterns mosty as siripes.

T304 34N, GROIL0TTW

1 m

wenk polygons

direction 3w, 1-2¢

mastly poor, water logged. mesic sites at slopes

S0 em

100 S

Common: Rierechioe alpinum, Curey vguarilis, C. miscan-
e, Eriophoram angustifolinm, E. schewchzeri, Arctagros-
tis fenvifolia, Dok corvimbosa, D focteo, Saxifrage spp.,
Sedlix arciica

no

15 cm

nematades, collembaoles

Haplorthet

<) %

no
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Roots down o 15cm

Sonl anmimuls nematodes
Soil type Psammaoturbel
Stone comtent <10 %
Animal facces  none

Site Ne 6

Landing site
Position

Dale
Terr. ecozone™

Site remarks

Position {GP35)
Altitude

IFrost patterns
Slope

Drainage
Permualrost depth
Plant cover
Dominant spec,

Soil crust
Roots down to
Soil animals
Soil tvpe
Stone content
Animal facces
Dry site
Position {GPS)
Altitucle

Frost patterns
Slope
Druinage

King William Island, Graham Gore Peninsula (Kitdkmeot.
Nunavuty

GOSN, 99107 W

July 20-21, 1999

Yicteria Lsland Lowlands (Region 18), mid-arctic, tann - 14,
fsum 1.5 twin =29, pann 1150, palagozoic and prolero-
zoic carbonate rocks, cryosols, continuous permatrost. gla-
cial deposits,

Landscape of maised beaches and thercof derived terraces.
Flat areas {weak depressions) vegetated with mosses and
lichens. clevated arcas mostly bareen, Coarse. strong
caleacrous material.

69°06.00° N, 98°553.90"W

Sm

weak pelyzons. butnmocks

direction / dipping 0°

well

. Jarge houlders at 50 ¢m

LO0 %

common Pog arctica, P abbreviaia, Carex misandra, C.
seirpoidea, Dryas imegrifotia, Saxifraga tricuspidate, Dro-
bet corvimbeosa, Satix arctica

1o

3Mem

nematodes

Haplorthet

=70 %

ne

69°06.60°N, 98T N97W
1tm

no stripes, weak polygons
direction £ dipping O°
well




Permadrost depth
Plant cover
Rominant spec.

Sail crust

g em

5 G

Dirvays integrifolic, Savifraga tricuspidara, S, oppositifolia,
Db corvmbosa, Papaver radicatium, Sulix arctica

dcm

Roots downto 15 em

Soil animals no

Soit type Haplorthe!

Stone content =70 5

Anmimal laeces  no

Site No 7

Landing sie Waollasten  Peninsula, WVictoria Lsland, Falaise Bay

Posinion

Thte

Terr. ceozone™
Sile remarks

Mesic site
Pasition (GPS)
Altitude
Frost patterns
Stope
Drainage
Permafrost depth
Plant cove
Dominant spec.,
Sail crust
Roots down to
Sail animals
Soil type
Stone comtent
Animal facces
N site
Pasition (GPS)
Altitude
Frost paterns
Slope

(Kitikmeot, Nunayvull

625N, TI5*W

July 23-25, 1999

sec Site 6

Landscape with strong elevations as hills with barren soils.
lowlands and low slopes covered with arasses. Weak frost
patterns, mostly stipes at fjells.

09720 40N, 114°43.51°W
180 m

slight hummocks

direction 5, 6-8°

will

=1 em

90 G

Sedix arerica, 8. retiondata, Pevas inregrifofia
no

4 em

nematodes, rotifers
Psammorthel

H-75 G with increasing depth
caribou. muskox

09720 40°N, 114°43 50°W
200 m

weak stripes

direction S, 4¢

Stane content 30

Animal facces  grizzly

l!n' l;llf'

Position {GP5) 69945 84N, 122702.84°W
Altitude 10 m

LFrost Patterns ne

Slope dircction W, 3°

Drainage well

Permafrost depth = 100 cm

Plant cover 10 %

Daminant spec.  Curex sppo Dryvas ftegrifolia, Sexifraga oppesitifolia
Soal crust T

Eoots down o 15cm

Soil animals nemutodes, rotators
Soil type Psammorthel
Stone ¢conlent =70 %

Animal faeces no

hesic site

Drainage well

Permatrost depth > cm

Plant cover 10 %

Dominant spee.  Divay integrifolia, Saxifraga oppositifolia
Soil crust ne

Roots dowrn to 33 em

Soit animals nemalodes

Soil type Psammuorthel

Stone content 20, large rocks ar > 90 em

Animal Taeces  muskox

Site No 8

Landing site Paulatuk. Pierce Point. Albert Bay (Inuvaluit)
Position HONL 122°10°W

Date July 26-27, 1999

Terr, georone®

Site remarks:

Mesic site
Position (GPS)
Altitude

Frost pallerns
Slope

Drainuge
Permairost depth
Plant cover
Dominant spec.

Soil crust
Roats down to
Soil animals
Sail type

Coronation Hills (Region 367, low wretic, tann -1 1, tsum 3,
wwin -26. pann 204}, palacozoic carbonates, continuous
permatrost. glacial tills. fluvioglacial and marine deposits.
cryosols,

Landscape with large rocky outerops and strongly weath-
cred rocks. Plains and slight slopes well covered with aras-
ses and mosses. hisher levels mostly barren and gravels
cavered by lichens, Frost patterns not visible.

69743 B3N, 122°03.02°W

50m

no

direction / dipping (7

ne

115 cm

JRUIR*

Carex spp., PDryvas imtegrifolia, Soxifraga oppositifolia,
Sitena aeondis, Hedvsorion machenzei
no

25cm

nematodes, eligochactes
Psammaorthel

Site No 9

Tanding site Banks Island South, Swan ake (Tnuvaluit)
Position FIM45T NLI23U300TW

Dinte July 28-29. 1999

sce Sile 6

Landscape with larze hills with ficlls on top and vegctated
arcas at low slopes and in valleys. Large polygans close to
lake and in river plains.

Terr. eccozone™®
Site remarks

Position (GPS)Y 71742 96'N. 1237°44.36"W
Alitude 250 m

Frost patterns smiall hummocks

Slope direction W, 2°

Druainage well

Permafrost depth 55 cm
Plant cover 100 em
Diowminant spec. Ceavey Spp.. Divas integrifolio, Salivarciiva

Soil crust TH»

Roots down to 35 em

Soil animals mal.

Sail type Haplorthet

Srone contents 10 G
muskox

Animal tacces

Dry

Position {GPSY - 71°43.01°N, 123744, 14°W
Altitude 290 m

Frost patterns no

Slope direction / dipping 07
Drainage well

Permafrast depth = 10 cm

Flani cover a0

Dorminant spec. Ovvas infeprifofia, Draba cinerea, Artemisia borealis,
Salix arctica

Sl crust Ty

Roots down to - dem

Soil animals ..

Soil type Psamnwuthel
Stone conlent =70 %
Animal facces  muskox

Tab. 2: Locations. sites and site descriptions TNW-99 {Leg 1}, (* = data of
Terrestrial Leoozones from <http:/fwww .Colw Ca/cman-lcmp/ecozancs: ).
Ahbreviations: tann = annual mean temperature in °C; tslm = sumimer mean
temperature: twin = winter mean temperatuse: pann = mean annual precipi-
Lalion n nim.

Tabh. 2: Statomen und Standortheschreibungen {iir den Abschntt | der Expe-
dition TNW9S, {* Angaben zu den . Terrestrial Ecozones™ von:
<htip:/iwww cobw cafeman-lempiecosones ). Abkiirzungen: lann = miltlers
Jabresternperatir n C: tsom = multlere Sommertemperawar, (win = mitlers
Winterlemperatur; pann = mittlerer Jubresniederschlag in mm,
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Fig. 2: Photographs from sampling sites representing landscapes of bioclimatic zones A and B (see Fig. 1 and Tab. 1). Top = Zone A, Site 14, Ellef Ringnes Is-
land, dry left and mesic (right); photos by A. Dahlberg. Bottom = Zone B, Site 4, Bathurst Island (south), dry (left) and dry and mesic in the background (right);

photos by M. Bélter.

Abb. 2: Fotos reprasentativer Probenorte fiir die bioklimatischen Zonen A und B (siche Abb. 1 und Tab. 1). Oben: Zone A, Station 14, Ellef Ringnes Island,
trockener Standort (links) und mesisch-feuchter Standort (rechts); Fotos: A. Dahlberg. Unten: Zone B, Station 4, Bathurst Island (south), trocken (links), trocke-

ner und mesisch-feuchter Standort im Hintergrund (rechts) (Fotos M. Bolter).

Sampling

Arriving at a site by helicopter, the area was surveyed from the
air to find a suitable spot to use as campsite and, hence, also
study site. The site was selected in a way that allowed all rese-
archers within each theme to gain maximum information
about the area. However, site selection was always a com-
promise. At each site, an area characterized as mesic and
another characterized as dry were selected. These character-
izations turned out to be more than trivial because of the huge
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difference in plant composition and hydrology from site to
site. However, to be able to carry out longitudinal and latitu-
dinal comparisons on a large scale in our biodiversity esti-
mates, we had to find reasonably comparable communities at
the different sites.

The mesic habitat would typically have 100 % plant cover,
whereas the drier habitat had scattered plant cover. Examples
of mesic as well as dry areas are shown in figures 2 to 4.
Figures 5 to 9 show some typical soil profiles of dry and mesic




Fig. 3: Photographs from sampling sites representing landscapes of bioclimatic zone C (see Fig. 1 and Tab. 1). Top = Zone C, Site 2; Melville Peninsula, dry (left)
and mesic (right). Bottom = Zone C, Site 6, King William Island (left) and Site 3, Sommerset Island (right) with the dry areas in the foreground and the mesic
areas in the background (Photos M. Bélter).

Abb. 3: Fotos reprisentativer Probenorte fiir die bioklimatischen Zone C (siehe Abb. 1 und Tab. 1). Oben: Zone C, Station 2; Melville Peninsula, trocken (links)
und mesic (rechts). Unten: Zone C, Station 6, King William Island (links) und Station 3, Sommerset Island (rechts) mit den trockenen Standorten im Vorder-

grund, den mesisch-feuchten im Hintergrund (Fotos M. Bolter).

sites. Important differences between sites and plots can be
seen by the organic top layers and the root depth. Details of
soils are given by BOLTER et al. (2006). For the vegetation
analysis we selected a 20 x 20 m plot in each plant communi-
ty and studied 10 random quadrates (50 x 50 cm). Point frames
with 25 points gave a measure of plant abundance and diver-
sity. Experts on the different groups of organism participated
in the determination of the material collected.

Following the common sampling of different plant species,

seed banks were sampled within the same quadrates (10 per
plant community). The topsoil (approx. 1 cm) and a deeper
horizon (1-5 cm) of a 10 x 10 cm square were removed. The
samples were stored in a -4 °C freezer on board the ship and
later brought back to Sweden for germination tests. In five of
the ten quadrates a second series of samples was collected in
exactly the same way but adjacent to the first samples. These
soil samples were dried on the ship and sent to Trois-Riviéres,
Canada, where they were sieved and sorted to quantify the
total seed bank.
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Fig. 4: Photographs from sampling sites representing landscapes of bioclimatic zones D and E (see Fig. 1 and Tab. 1). Top = Zone D, Site 9, Banks Island, dry
(left) and mesic (right). Botttom = Zone E, Site 8, Paulatuk, dry (left) and mesic (right) (Photos M. Bolter).

Abb. 4: Fotos représentativer Probenorte fiir die bioklimatischen Zonen D und E (s. Abb. 1 und Tab. 1). Oben: Zone D, Station 9, Banks Island, trocken (links)
und mesic (rechts); Unten: Zone E, Station 8, Paulatuk, trocken (links) und mesic (rechts) (Fotos M. Bolter).

Investigations on soils and soil microbes were carried out at
landing sites of Leg 1 only (Tab. 2). Soil pits were dug down to
1 m depth or until the permafrost level was reached. Analyses
of the below-ground aspects were carried out close to the
common plots; the description is therefore relevant for compa-
rison with the results of the vegetation analysis. Soils were
described and sampled with the aim of evaluating their taxo-
nomical properties (primarily according to the US. Soil Taxo-
nomy). Often, soil frost patterns were observed as large stripes
along hill slopes, e.g., on Somerset Island and on Bathurst
Island. Different sub-samples were used to analyse the organic
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and inorganic matter and the soil micro-organisms. Soil
surface samples from Leg 2 were collected by Dr. A. Dahl-
berg. All samples which could not be treated and analysed
directly were adequately stored during the cruise for further
analyses at home.

Different aspects of botany, such as seed banks, genetic varia-
bility, and plant community studies of herbs, mosses and
lichens will follow later.




Fig. 5: Photographs of soil profiles from bioclimatic Zone B, Bathurst Island
(south), Site 4, dry site (left) and mesic site (right) (Photos M. Bolter).

Abb. 5: Fotos von Bodenprofilen der bioklimatischen Zone B, Bathurst Island
(stid), Station 4, trockener Standort (links) und mesisch-feucht (rechts) (Fotos
M. Bolter).

Fig. 9: Photographs of soil profiles from bioclimatic Zone E, Paulatuk, Site 8,
dry site (left) and mesic site (right) (Photos M. Bélter).

Abb. 9: Fotos von Bodenprofilen der bioklimatischen Zone E, Paulatuk, Sta-
tion 8, trockener Standdort (links) und mesisch-feucht (rechts) (Fotos M. Bol-
ter).

Fig. 7: Photographs of soil profiles from bioclimatic Zone C, King William Is-
land, Site 6, dry site (left) and mesic site (right) (Photos M. Bolter).

Abb. 7: Fotos von Bodenprofilen der bioklimatischen Zone C, King William
Island, Station 6, trockener Standort (links) und mesisch-feucht (rechts) (Fotos
M. Bolter).

Fig. 8: Left = Photograph of soil profile from bioclimatic Zone C, Sommerset
Island, Site 3, dry site. Right = Photograph of soil profile from bioclimatic Zo-
ne D, Wollaston Peninsula, Site 7, dry site (Photos M. Bolter).

Abb. 8: Links: Foto eines Bodenprofile der bioklimatischen Zone C, Som-
merset Island, Station 3, trockener Standort. Links: Foto eines Bodenprofils
der bioklimatischen Zone D, Wollaston Halbinsel, Station 7, trockener Stan-
dort (Fotos M. Bolter).
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Fig. 6: Photographs of soil profiles from bioclimatic Zone C, Melville Penin-
sula, Site 2, dry site (left) and mesic site (right) (Photos M. Bélter).

Abb. 6: Fotos von Bodenprofilen der bioklimatischen Zone C, Melville Penin-
sula, Station 2, trockener Standort (links) und mesisch-feucht (rechts) (Fotos
M. Bolter).
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