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REGIO

Regardless of the mode of initiation of the permafrost, the peat stratigraphy
indicates that permafrost developed in previously unfrozen peat. Because
peat is a post-glacial (Holocene) deposit in this part of Canada, the initial
peatlands were free of permafrost for thousands of years, indicating a clim-
ate that was warmer than at present. The earliest indication of permafrost in
peatlands in the northern boreal zone was about 3500 yrs B.P. (Zoltai
1993). Permafrost development was probably more delayed in that portion
of the middle boreal zone which is within the prairie border region where
the basal fen deposition did not begin until after 6000 yrs B.P. A single
date from a sylvic layer of a collapsed palsa indicates that some permafrost

existed by 2200 yrs B.P. in this area.

The permafrost peat landforms are subject to thawing, initiated by various
allogenic factors, such as wildfires, rising water levels, warm summers, etc.
When thawing occurs, the peat subsides to or below the water table, killing
the vegetation. In the north, the subsided surface is over 1 m below the
Jevel of the permafrost peatland, with steep banks. Such collapse scars are
readily recognisable from the air: they are usually circular in outline. In the
northern boreal zone, permafrost is often regenerated in 500 or more years
after the thawing and subsidence (Zoltai 1993).

In the south, near the southern distribution limit of permafrost, the perma-
frost lens is thin (1 to 3 m thick), being mostly in the peat (Zoltai 1972).
When such permafrost bodies thaw, their surface subsides below the water
table, but the resulting depression will be shallow, with indistinct borders.
Sylvic peat, developed on the palsa surface, usually occurs 40 to 60 cm
below the surface of the depressions (Fig. 2). Radiocarbon dates from the
surface of subsided sylvic peat yield modern dates, being less than 200
years old. One date from the base of the sylvic layer showed that perma-
frost was present about 2100 yrs B.P. Dates of initiation of leaning in live
trees growing on the borders of subsided depressions indicate that subsi-
dence began about 150 years ago and continues to the present. In a few
cases, small remnant permafrost lenses can be found at the edge of depres-
sions (Fig. 3), indicating a recent and ongoing process.
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Fig. 3. Diagram of an internal depression

rnal depression
in a bog, with remnant permafrost lens.

Fig. 2. Diagram of an inte
in a fen, showing the submerged sylvic peat

layer.

3 SUMMARY
Determination of the palaeoenvironments of peatlands indicates that major
changes occurred in the past that triggered allogenic changes in peatland
development. Changes that occur in peatland development on 2 regional
scale indicate that the agents responsible for these changes acted on a con-

¢ from this and other studies

tinental, Of perhaps on 2 global scale. Evidenc
points to fluctuations in climate during the post- glacial period (Bray 197 1).

dating of peat macrofossil
eatland development of west-

s indicate that major changes

central Canada (Fig. 1) in

The analysis and
took place in the p
climatic changes (Tables 1, 2 and 3). Evidence

response 0 long-term

points t0 2 warm, dry mid-Holocene period, ending about 5000 yrs B.P-. r
These conditions were most severe in the prairie border regions (Tables 1 l
and 2) where no peatlands were formed before 6000 yrs BP. A gradual ::t‘

cooling and moistening of the climate followed which was time trans-

cts first became evident in the north and progressively ex

gressive: its effe
tended southwards. This permitted the formation of fens, then bogs an

finally permafrost was initiated in some peatlands.

This study has shown that the study of chronosequence of peatland eco-
system development can be used to demonstrate major allogenic influences
on peatlands. Similar studies can be oriented O identify other influences,

changes, and the information could be applied 0 {

such as anthropogenic
developing restoration, mitigation, Of conservation strategies.
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Table 1. Peatland development and implied climatic conditions in the southern boreal
zone (years before present [B.P.]) within and outside the prairie border zone '

‘Time period Peatland development Implied climate

e
Within prairie

border zone

Before 6000 No peatland development Arid, warm

6000 - 3000 Fen formation Cooler, moister

3000 to present ~ Bog formation Continued cool, moist
Outside prairie

border zone

Before 6000 'Fen formation . Warmer, drier

6000 to present  Bog formation Cooler, moister

Table 2. Peatland development and implied climatic conditions in the middle boreal zone
(years before present [B.P.]) within and outside the prairie border zone

Time period Peatland development Implied climate
Within prairie

border zone

Before 6000 No peatland development Arid, warm

6000 - 3000 Fen formation Cooler, moister

3000 - 2200 Bog formation Continued cool, moist
2200 - 700 Sporadic permafrost formation ~ Cooler

700 - 150 Permafrost formation common Cooler

150 to present Thawing of permafrost Warmer

Outside prairie
border zone

Before 6000 Fen formation Warmer, drier
6000 - 700 Bog formation Cool, moist climate
700 - 150 Sporadic permafrost formation Cooler

150 to present Thawing of permafrost Warmer

Table 3. Peatland development and implied climatic conditions in the northern boreal
zone (years before present [B )]

Time period Peatland development Implied climate
Before 5000 Fen formation, no permafrost Warmer, drier
5000 - 3700 Bog formation, no permafrost Cool moist

3700 to present Permafrost development Colder, moist
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Boreal peatlands in Norway and eastern North America: a
comparison
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ABSTRACT

Damman, A.W.H. 1995. Boreal peatlands in Norway and eastern North America:
a comparison. Gunneria 70: 43-66.

In this paper, I focus on the amphi-atlantic differences in peatland morphology
and vegetation, with emphasis on the Norwegian boreal zone and its counterpart
in eastern North America. The boreal zone and other vegetation zones occur at
Jower latitudes in eastern North America than in Europe. This is also reflected in
the mire zonation, which is shifted 10-20° latitude to the south.

Oceanic mire types occurring in most of western Europe have a much more re-
stricted distribution in North America. Conditions comparable to the boreal zone
of Norway can be found only in the coastal areas of Newfoundland and Labrador.
Blanket bogs are restricted to the most oceanic eastern and southern parts of
Newfoundland, where winters are much more severe than in Norwegian blanket
bogs. In the raised bog and patterned fen (aapa mire) zones of Newfoundland and
Labrador, bogs with hollow-pools and fens with flark-pools predominate,
whereas patterned fens with wide flark-fens, common in the Fennoscandian bo-
real zone, do not occur in Atlantic Canada.

The floristic differences between the two regions are most clearly reflected in: 1)
the composition of the dwarf shrub vegetation and its greater diversity of eri-
caceous species in North America, and 2) the replacement of Pinus sylvestris by
Picea mariana, and to a lesser extent Larix laricina, in North American mires.
Southern, oceanic mires with Sphagnum rubellum and S. magellanicum as hum-
mock species are absent in North America, where S. fuscum is the dominant hum-
mock Sphagnum in the oceanic, raised bogs of both the boreal and boreonemoral
zones.

1 INTRODUCTION

Peatlands throughout the Holarctic are physiognomically and ecologically
very similar. Floristically, they also show less geographical variation than
any other vegetation formation. Bryophytes, especially Sphagnum,
Ericaceae and Cyperaceae dominate this vegetation. Most of the mosses
and lichens have a circumpolar distribution, and many of the vascular
plants are the same or are taxonomically closely related. This prompted
Tiixen et al. (1972) to propose an expanded classification of the Oxycocco-
Sphagnetea so that this class would include not only the plant communities
of European peat bogs but also those of North America and Asia. However,
there are also important differences (Damman 1978, 1979a) which have
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been less emphasised than the similarities, although Sjérs (1963a, 1985)
has pointed them out.

This paper briefly compares the vegetation and habitat conditions in
Norwegian peatlands with those in eastern North America. This compari-
son focuses on peatlands of the boreal zone in Norway (primarily those
seen during the IMCG field symposium in Norway in July 1994 (Moen &
Singsaas 1994)) and their eastern North American counterparts. It also
includes comparisons of a general nature between the peatlands on
opposite sides of the Atlantic Ocean.

The nomenclature of the vascular plants follows Fernald (1950) and Lid
(1974) for European species not in Fernald (1950), for lichens Hale &
Culberson (1966), for liverworts Stotler & Crandall-Stotler (1977) and for
mosses Nyholm (1954-1969), except for Polytrichum strictum Menz. ex
Brid., Sphagnum austinii Sull., S. flavicomans Warnst., S. macrophyllum
Bernh. ex. Brid., S. pylaesii Brid. and S. forreyanum Sull. The terminology
for the vegetation zones and subzones follows Ahti et al. (1968), except
that their hemiboreal zone is called boreonemoral zone here, following
Sjors (1963b). :

2 GEOGRAPHICAL DIFFERENCES AFFECTING PEATLANDS

The climatic conditions in the two regions differ greatly. Due to the west-
east circulation of air masses, the climate of western Europe is strongly
modified by the Atlantic Ocean whereas the American continent to a large
extent controls the climate of eastern North America, even in coastal areas.
This means that at comparable latitudes summer temperatures are much
higher in eastern North America than in western Europe, but in winter the
opposite is true. Ocean currents further increase these contrasts; the Gulf
Stream raises winter temperatures in Europe whereas the cold Labrador
Current has the reverse effect, especially in Labrador and Newfoundland,
where it brings extensive ice floes along the shores (Fig. 1).

Fog banks developing at the contacts of the Gulf Stream and Labrador
Current lower summer temperatures along the American east coast. This is
most pronounced in the southern and southeastern parts of Newfoundland
where prevailing southwestern winds keep the coastal areas fog covered
and cold for much of the vegetative season (Hare 1952, Banfield 1983).

Warm humid air masses moving frequently from the Gulf of Mexico north
along the North American east coast cause relatively high precipitation,
1000-1300 mm in most of the region. In winter, these air masses some-
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3 WETLAND AND PEATLAND UTILISATION

Our peatland resources serve a variety of purposes. In their natural state, they
provide many functions including acting as regulators of water flow and
quantity and a source of fresh water. Non-consumptive uses include public
recreation and education. Consumptive uses include wildlife hunting and
fishing. Uses involving the alteration of the wetland's natural state are har-
vesting of specific goods such as trees, peat or rice. Some peatland utilisation
involves the extraction of peat.

3.1 NON-EXTRACTIVE PEATLAND USES

Agricultural uses of peatlands in Canada are generally non-extractive. These
areas are used for vegetable production, pastureland and related purposes.
The value of market gardening crops derived from peatlands alone exceeds
$100 million annually in Canada. Canada's wetlands are further estimated to
provide in excess of $10 billion in economic benefits to Canadians each year
(Rubec et al. 1988).

Table 2 puts the relative degree of peatland use by agriculture, horticultural
peat harvesting, forestry and other interests into context to other sources of
wetland conversions in Canada. Up to 17 million ha of Canada's wetlands
have been drained for agriculture and another 900,000 ha for urban expan-
sion since Canada was settled. The areas of highest risk to wetlands in Can-
ada are shown in Figure 1. The 41,000 ha in use today for peat horticulture
and forestry are insignificant in comparison to the continuing annual losses
of thousands of hectares to agriculture and urban/industrial expansion in
Canada.

Table 2. Relative impacts of development on wetlands in Canada

e v 0
settlement (ha) )

1. Agricultural drainage 17 000 000 85.0

2. Reservoir flooding 900 000 4.5

3. Urban/Industrial development 894 000 4.5

4. Other development 765 000 39

5. Ports/Harbours 400 000 2.0

6. Forestry drainage 25 000 0.03

7. Horticultural peat harvesting 16 000 0.02

TOTAL 20 000 000 100.0




f
|
)
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Moderate

D Low to none

Fig. 1. Wetland areas at risk in Canada.

3.1.1 Peatland forestry in Canada

Most of the harvesting of timber from Canada's large expanse of forested
peatlands is carried out in winter during frozen ground conditions, minim-
ising site impacts and facilitating use of appropriate machinery. Peatland
drainage is used to enhance tree growth in several European countries, but
this is not widely practised in Canada at present. Pilot peatland forestry de-
velopments in Alberta, northern Ontario, eastern Quebec and Newfoundland
have been undertaken to evaluate peatland drainage as a forest management
tool in Canadian conditions.

Less than 25,000 ha (about 0.3%) of Canada's peatlands have been drained
for forestry interests (Haavisto & Jeglum 1990). This includes small areas
undergoing peatland forestry trials examining hydrological processes, nutri-
ent dynamics and tree growth. Extensive areas of black spruce, tamarack and
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lodgepole pine are harvested off peatlands each year in Alberta. In Ontario, it
is estimated that the trees on 28,000 ha of peatland dominated by black
spruce are felled yielding about 20% of the roundwood harvested annually.
Overall, in most regions of Canada, peatland forestry has not become
established to any significant degree as many other more productive sites for
forestry are widely available. This is unlike countries such as Finland where
over 55% of the nation's peatlands have been drained for forestry. The re-
quirements for conservation of wetlands in managed forests and an exami-
nation of forest industry initiatives in this regard have recently been reviewed
in a report jointly produced by non-government, forest industry and govern-
ment partners (Sheehy 1993).

3.1.2 Wildlife habitat enhancement

Non-extractive use of wetlands and peatlands also includes the use of water
control structures and other methods to enhance wetlands as waterfow] and
wildlife habitats. This is extensively practised in several regions of the coun-
try. Partners in the North American Waterfow] Management Plan, for in-
stance, currently manage over 5000 wetland sites in co-operation with land-
owners and other government and non-government partners to enhance
waterfow]l and wetland values across Canada, positively affecting over 1
million ha of habitats. Wetland enhancement and development are widely
accepted as key elements in such national and international habitat pro-
grammes to conserve and/or re-establish migratory waterfowl populations
(North American Wetlands Conservation Council Canada 1992).

3.2 EXTRACTIVE PEATLAND USES

Development of peatlands for the purposes of peat extraction can be divided
into two main categories: (i) horticultural peat and other peat moss applica-
tions, and (ii) fuel peat use. There was considerable interest in the develop-
ment of fuel peat in Canada during the mid-1970s, but actual production for
this purpose has been almost non-existent. To date, economic factors and the
availability of other energy sources have not resulted in peat becoming an
attractive energy product in Canada. Production of peat for horticultural and
other non-fuel purposes, however, has been undertaken in several regions of
Canada.

3.2.1 Horticultural use of peat in Canada

The total volume of horticultural peat shipped in Canada in 1993 was
approximately 732,000 tonnes. The rate of peat accumulation averages 0.1
kg/m? per year — about 1 tonne/ha (Zoltai 1991). While accumulation rates
are lower in many northern peatlands, the total annual accumulation on the
111 million ha of peatland in Canada is stil] substantially greater than the
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annual quantity of peat and peat moss harvested. If an average estimated peat
accumulation figure of only 0.5 tonne per ha per year can be assumed to be
reasonable, the total peat volume accumulating in the natural environment in
Canada would exceed 50 million tonnes each year.

In 1993, there were approximately 70 operations in Canada that produced
horticultural peat. Over $186 million of Canadian peat products were mar-
keted in that year, supporting an estimated 2000 jobs which are concentrated
in many otherwise economically depressed rural areas. About 90% of the
production comes from the combined operations of 16 corporate groups
which currently form the Canadian Sphagnum Peat Moss Association
(CSPMA). About 10% of the total Canadian production of horticultural peat
is sold on the domestic market. Peat produced in Canada is gradually cap-
turing an increased market share in the United States. Imports in 1990 from
Canada represented 44% of the United States market and continued growth is
projected (Cantrell 1990).

3.2.2 Energy applications for peatlands in Canada

There have been numerous studies during the last twenty years concerning
the potential role of peat in energy production. However, almost no area of
peatland in Canada is currently used for commercial fuel energy purposes. At
today's world prices for fossil fuels, peat as a possible energy source remains
uneconomical in Canada. In rural areas of New Brunswick and Newfound-
land, local residents continue to hand-cut small areas of peatland for home
heating in a traditional use of peat. Energy use of peat is potentially highly
consumptive of the resource and has been strongly opposed by environment-
al interests in Canada both from ecological and socio-economic perspectives.

Major peatlands in Quebec, Manitoba and Alberta have been flooded for
hydro-electric reservoir construction. The total area of peatland affected to
date is estimated to exceed 900,000 ha (Rubec 1991), with additional reser-
voir proposals projected to affect an additional 1 million ha of peatland or
estuarine wetlands in Canada in the next decade. It is worth stressing that
hydro-electric projects are affecting far more peatlands today in Canada than
all urban development, peat harvesting and forestry operations combined.

In March 1992, the federal Cabinet announced The F ederal Policy on Wet-
lands Conservation which applies to all federal agencies, programmes and
project expenditures. Any federally-funded project that can be viewed by the
environmental assessment process as significantly degrading the functions of
peatlands or wetlands anywhere in Canada, especially if it involves federal
lands, is likely be strongly scrutinised under this new Policy.
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culture (Savelyev 1994). Savelyev estimates that within a few years the an-
nual peat extraction in Russia will equal the annual peat accumulation there,
and he foresees a continuing increase in the volume extracted.

Because of the voluminous character of peat, international trade is largely
confined to refined peat qualities for demanding and specialised agricultural

markets, especially horticulture.

In recent years, various developments have affected the quantities of ex-
tracted peat and the pathways of international trade. These (interrelated) de-

- velopments include:

developments in horticulture

declining domestic peat resources in western Europe

local effects of anti-peat campaigns

growing volumes of peat alternatives

increased promotion of peat consumption by the peat industry
geopolitical changes leading to the emergence of new, independent states.

* ¥ ¥ X ¥ ¥

4 RECENT CHANGES IN HORTICULTURE
4.1 INTRODUCTION

Drastic changes in peat consumption have taken place in the past decennium
as a result of growing agricultural interest in horticulture coupled with new
horticultural production techniques and new legislation. Early in the 1980's,
the agricultural use of peat was still primarily in soil improvement and hobby
gardening. This has rapidly changed, professional horticulture now being the
major consumer. Over 60% of the peat extracted annually in Germany is now
used for professional horticulture, against 25% for hobby gardening and soil
improvement and 15% for industrial purposes (cokes, active coal) (Belka

1994).
4.2 EXPANSION OF HORTICULTURE

Horticulture is a rapidly expanding branch of agriculture in the world, espe-
cially for the production of luxury food crops and ornamental plants in urban-
ised regions. As various agricultural specialities are faced with surpluses (in
Europe: milk, wine, sugar, cereals, meat), a tendency exists to turn to horti-
culture (Avermaete 1992). In Germany, the annual economic growth in horti-
culture has been 4% since 1985, while agriculture declined by 1.2% annually
in the same period (Rhein 1994).

Horticultural production in 1991 amounted to ECU 7 milliard (10°) in the
former Western Germany, ECU 12 milliard in Italy, ECU 6 milliard in Spain
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and ECU 5 milliard in the Netherlands (Rhein 1994). Italy and Spain are now
in a transitional phase from extensive horticulture (olives and citrus fruits) to
intensive horticulture for the European market.

Severe competition and consumer demands for high-quality products have
brought rapid technological developments. As a result, horticulture has be-
come extremely capital intensive, the production value in modern green-
houses amounting to ECU 100 m'z.y"! (Rhein 1994).

Modern horticulture is based on growing media, the materials on which
plants grow. The most important requirements in horticulture are the uni-
formity, consistency and predictability of the final product. Growing uni-
form, high-quality plants at very high productivity levels demands media
with the best possible features. Small deviations from the optimum may
cause considerable financial losses to greenhouse operation. Professional
growers will therefore not necessarily buy the cheapest product, since quality
is their primary concern.

4.3 PEAT IN HORTICULTURE

The value of peat in horticulture lies in a unique combination of properties
which enable it to retain large amounts of water, entrap large volumes of air
and hold large quantities of plant nutrients in a readily available form. Peat is
almost free from pathogens, pests, seeds and other plant propagules, is stable
under storage, clean to handle and readily available in large quantities at a
reasonable price. Furthermore, it has the advantage of low pH and nutrient
contents, which facilitate the formulation of growing media for a wide range
of applications by adding nutrients and other materials. It is biodegradable,
although its important structural characteristics are long lasting even under
intensive use. All these features make peat the ideal basic constituent for
growing media (U.K. Peat Producers Association 1992, Schmilewski 1994).
A weakly decomposed peat consisting mainly of Sphagnum mosses, with a
minimal content of shrub or other plant remains, is the preferred base for
production of growing media. More strongly humified Sphagnum peat is
needed for production of compressed peat pots and pellets.

As a result of these developments, over 5 million tonnes of peat (15 million
m’) are processed annually for horticultural purposes in Europe
(Schmilewski 1994) and almost 2 million tonnes in North America (Cantrell
1991, Nutek 1992, Gill 1993, Rubec 1993). In the past decennium, an in-
creasing use of peat has been observable in almost every country. Countries
with major peat resources extracted increasing volumes of peat, both for do-
mestic horticulture and for export to countries with small resources.





















































































































































































































