
Naturaliste can (Rev. Ecol. Syst.), 109: 533-541 (1982). 
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Resume 

A cause de leur caractere autogene et parce qu'elles sont peu etudiees, les 
tourbieres posent plusieurs problemes majeurs. Le controle de Ia croissance des 
plantes et de leur decomposition- par consequent de Ia formation de Ia tourbe- par 
les facteurs du milieu, comme le climat, Ia topographie, les apports d'elements nutri
tifs de !'atmosphere et du sol est mal compris. Les interactions entre Ia croissance et 
Ia decomposition des plantes et l'ecoulement des eaux superficielles et souterraines 
qUI modelent le paysage sont encore plus mysterieuses. Le role de Ia tourbe comme 
reservoir geochimique est peu etudie et le recyclage n'a pas ete analyse a l'aide des 
techniques modernes. Les flux gazeux sont a peine connus. Les etudes ecologiques 
des principaux animaux et plantes tourbicoles sont tres rares. Ainsi, on ignore si Ia 
croissance des especes de Sphagnum est limitee par certains elements nutritifs parti
culiers; les cycles vitaux des especes importantes sont mal conn us et nous n'avons 
aucune vue d'ensemble quant aux facteurs qui regissent leur repartition et leur 
association. 

Abstract 

Because of their peculiarly autogenous nature, and because they have received 
much less study than terrestrial and aquatic ecosystems, peatlands pose a number of 
major problems. The control of plant growth and decay- and hence of peat accumu
lation - by environmental factors such as climate, topography, and nutrient inputs 
from the atmosphere and the soil is poorly understood. The delicate interaction of 
plant growth and decomposition with surface- and ground-water flow to generate 
complex landscape patterns is even more mysterious. The role of peat as a geo
chemical sink has not been well worked out, and nutrient cycling has been little 
studied by modern mass-balance techniques. Gaseous fluxes in particular are poorly 
known. Autecological studies of the major peatland plants and animals are very scarce, 
for example it is not known whether the growth rates of the peat-forming species of 
Sphagnum are limited by supplies of specific nutrients. Life histories are not well 
known for important species of plants and animals, nor do we have more than a 
broad general understanding of the factors that control their distributions and asso
ciations. 

Introduction 

Peatland ecology is by no means a new 
discipline (Gorham, 1953), but in North 
America the subject is in a primitive state, 
having received relatively little attention from 
either academic or applied ecologists. How
ever, interest in the economic potential of ex
ploiting peat, in particular for energy, is 
increasing greatly (Farnham, 1978), and other 
values of peatlands are becoming more 
readily apparent (Greeson et at., 1979). 
Assessment of how best to utilize, rehabilitate, 
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or preserve peatlands (Sj6rs, 1980) requires a 
detailed knowledge of their form, function 
and development in response to the environ
mental factors acting upon them. Yet we are 
surprisingly ignorant of many of the funda
mental features of peatland ecology. 

Rate of peat accumulation 

Peat accumulates at rates determined by 
the interactive effects of climate, topography 
and nutrient supply upon the balance be
tween plant growth and decomposition. 
These rates apparently can vary widely even 
within a small geographic area; in Britain, 
Walker (1970) reported a range for 30 ombro-
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trophic bog peats (where water is supplied 
only from rain and snow) from 1.2 to 30 ~m · 
century- 1 with a mean value of 6.5 em. E1ght 
minerotrophic fen peats (receiving water that 
has percolated through mineral soil) also 
averaged 6.5 em· century- 1 • For comparison, 
Aaby & Tauber (1975) observed a range of 2 
to 18.5 em· century- 1 for peat accumulation in 
numerous European raised bogs. Brown 
(1977) cited rates of 2 to 10 cm·century-1 for 
northern Canadian peatlands. Unfortunately 
these data cannot readily be transformed into 
annual rates of accumulation of organic 
matter or carbon per unit area because the 
bulk density of peat varies greatly with or
ganic content and with compaction. Although 
Sjors (1961 a) noted that relatively uncompac
ted surface soils over a wide range of organic 
content and bulk density contain approxi
mately 100 g· 1-1 of organic matter, the data 
showed a great deal of variance. Moreover, 
fen peats are often higher and bog peats are 
lower than 100 g·l-1 • Data on the influence of 
auto-compaction upon subsurface peats of 
different plant origin (such as sedges versus 
Sphagnum) are also lacking, although Walker 
(1970) indicated that it must be confined to 
the earliest stages of deposition, and Tolonen 
(1977) indicated its termination at 30-50 em 
beneath the surface in Sphagnum bogs. An 
attempt to analyse the processes of growth, 
decay, compression and consolidation, and 
to predict (with a ?-parameter model) bulk 
density and age profiles of the peat, has 
recently been made by Clymo (1978) with 
moderately good success. 

There are only local, isolated studies of 
the rates of accretion of organic matter in 
peatlands, which varied between 27 and 52 g 
. m-2 · a- 1 in a Manitoba bog and fen, and be
tween 25 and 43 g · m-2. a- 1 in a Finnish bog. 
Peat accumulation varied from 3 to 5% of net 
primary production in the Manitoba site 
(Reader & Stewart, 1972) and 6 to 10% in the 
Finnish location (Tolonen, 1977). More 
general comparisons cannot be made of 
fens and bogs, or of subgroups within them 
(such · as sedge meadows versus cedar 
swamps, continental raised bogs versus 
coastal blanket bogs, bog hummocks versus 
hollows and pools). Because the rate of peat 
accumulation is probably one of the most 
significant integrators of environmental in
fluences upon peat bogs, its response to 
differences in the ratio of precipitation to 
evaporation (Kulczynski, 1949), and in the 
supply of nutrients as windblown dust from 
cultivated soils (Mattson & Koutler-Anders-

son, 1954; Gorham & Tilton, 1978) or of 
toxins from urban/industrial air pollution 
(ROhling & Tyler, 1971), would be of great 
interest. 

There are also very few data on the rate of 
paludification (swamping) of upland soils by 
peatland expansion in various climatic 
regions and topographic settings, despite 
pioneering studies well over fifty years ago by 
Malmstrom (1923). Such studies would be of 
special interest in the vast peatlands of the 
Hudson Bay lowlands. North of Upper Red 
Lake in northern Minnesota, two basal 14 C 
dates suggest that a long (> 20 km) fen water 
track, dominated by Carex lasiocarpa and 
bifurcating north and south-eastward around 
a large complex of black spruce and Spha
gnum bogs, is extending slowly westward 
against the direction of flow (Glaser et al., 
1981 ). But it is not known how rapidly the 
entire mire complex has extended over its 
present large area, or whether the situation in 
the fen water track is normal for such areas 
in northern Minnesota or the Hudson Bay 
lowlands more than 300 km to the north. Nor 
can an assessment be made - for these 
areas - of the climatic and topographic 
constraints upon bog extension and con
vexity worked out for Swedish raised bogs 
by Granlund (1932) and Wickman (195). 

Rates of peat accumulation and of paludi
fication are easily (though expensively) 
measured, and rapid progress can be made in 
gathering data. If these processes are to be 
understood, however, much more must be 
known about how the environmental factors 
of climate, topography and rwtrient supply 
control both plant growth and decomposition 
and the balance between them. For instance: 
(1) Do local and regional differences in peat 
accumulation depend more on differences in 
the production rates of the dominant species 
or upon their rates of decomposition? (2) Are 
local and regional differences relatively 
independent of differences in the plant com
munities, especially in the case of forested 
versus open bogs? 

Initiation of peat accumulation 

Initiation of peat deposition may be 
governed chiefly by local topography, but 
paludification of upland soils can occur in 
response to climatic shifts toward cool, wet 
conditions (Conway, 1948; Molder & Salmi, 
1955; Heinselman, 1970). A climatic control 
is particularly likely in the case of ombro
trophic Sphagnum peats which grow well 
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above the level of the normal ground water
table (Nichols, 1969). These Sphagnum 
peats often contain within them one or more 
"recurrence horizons" of strongly decom
posed and humified material, presumably 
reflecting periods of relative dryness and 
surface aeration. There has been consider
able controversy in Eu~ope as to whether 
these too reflect regional shifts in climate 
or merely local changes in bog development 
(Godwin, 1954; Mitchell, 1956; Ogden, 1960; 
Overbeck et a/., 1957; Schneekloth, 1968; 
Aaby, 1976). If changes of climate have been 
chiefly responsible for the initiation of fen or 
bog peats, or of "recurrence horizons" 
then it should be possible to demonstrat~ 
either synchronous initiation over broad 
~eographic regions, or a sequential pattern 
tn response to a gradual shift in climate 
across different regions. 

The comprehensive and sophisticated 
studies on peat stratigraphy in Fennoscandia 
and the British Isles are hampered in the 
interpretation of the results by the fact that 
cultural factors may have been dominant in 
peatland development, as an alternative to 
climatic change or the progressive leaching 
of upland soils. In many areas the ombrotro
phic Sphagnum bogs started their develop
ment about the same time (5,000 years ago) 
as the first farming cultures, and about the 
same time as the climatic change that is 
mferred from pollen studies. For North Ameri
ca. the cultural factor was not important until 
the last century or two, so it should be possi
ble_ here to evaluate more easily the natural 
environmental factors in peatland develop
n:ent. Preliminary studies by H.E. Wright and 
~1s assoc1ates (at the University of Minnesota) 
tn southeastern Labrador imply that peat
lands began to develop about 5,000 years 
ago, probably in response to climatic change, 
and that they are gradually spreading onto 
uplands. The general swamping of the lands
cape has had important secondary effects on 
forest growth and on the water chemistry of 
lakes. The extensive northern Minnesota 
peatlands likewise can be dated to the last 
few thousand years (Janssen, 1968; Heinsel
man, 1970), with progressive development 
westward in combination with the westward 
m~gration of_ conifer forest following the 
m1d-postglac1al warm period. The details of 
these successions, both regionally across 
eastern and central North America, and local
ly in areas of steeper climatic gradient (such 
as Minnesota) can be worked out only with 
further stratigraphic studies in transects east 

to west along climatic gradients. Results 
should provide insights into the development 
of Sphagnum bogs and patterned peatlands 
in relation to climate and other environ
mental factors. 

It might be possible in these studies to 
use deuterium and 180 in peat as indices 
to paleoclimate (Schiegl, 1972). Both stable 
isotopes appear to be related to the relative 
humidity of the climate and the concentra
tion of stable isotopes in the input water 
(Epstein eta!., 1976, 1977; Ferhi eta/., 1977) 
especially if analyzed in specific macro-fos
sils (Sphagnum leaves, tamarack needles). 
Changes take place during decomposition of 
plant detritus, but appropriate corrections 
can be made by analyzing the carbon con
tent of the organic matter (Schiegl, 1972). 

Landscape patterns 

I~ is weH known that Sphagnum bogs 
exh1b1t a vanety of very distinctive landforms 
that represent an extremely delicate adjust
ment of vegetation growth to local patterns 
of water-flow, which in turn may be altered 
by vegetation growth and concomitant peat 
deposition. The bogs of eastern North Ameri
ca_range from blanket bogs in the most oce
anic areas of Newfoundland (Pollett, 1972; 
Damman, 1979a, b) to excentrically and con
centrically domed bogs throughout the Mari
time Provinces of Canada and the northern 
New England States- including both coast
al plateau bogs and convex raised bogs 
farther inland (Damman, 1977). In mid-con
tinental North America the patterns are very 
different. For instance, strongly patterned 
black spru_ce bogs with radiate ridges, and 
large ovo1d bog "islands" separated by 
sedge-fen "water-tracks" containing small, 
elongate tamarack "islands", are charac
teristic of the enormous bog/fen complexes 
of northwestern Minnesota (Heinselman, 
1963, 1970; Glaser eta/., 1981). These peat
lands resemble in many ways those of the 
Hudson Bay lowlands (Sjors, 1959, 1961b, 
1963) and Alaska (Drury, 1956), and the fac
tors controlling the genesis and develop
ment of the landscape patterns are only now 
beginning to be investigated by appropriate 
stratigraphic methods. 

The relationship of landforms such as 
palsas and peat plateaus to the distribution 
of permafrost in Canada is becoming quite 
well established, and some information has 
been gathered regarding the climatic require-
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ments of temperature and moisture that 
l~mit their occurrence (Brown, 1977). Their 
life cycles of growth and degradation are 
also being worked out. However, energy 
exchanges involved in the freeze-thaw pro
cess are difficult to measure, and much re
mains to be done in determining the local 
causes of landform development and de-
gradation. · 

The regional abundance of wetlands in 
Canada, and the regional distribution of 
wetland and landform types, have recently 
been mapped for the whole country (Zoltai, 
1980; Anonymous, 1981). Such maps will 
be of great assistance in providing appropri
ate background for the detailed local studies 
that are .bad~y needed, and for the working 
out of chmat1c controls for the various kinds 
of wetlands and landforms. 

In Europe the west/east gradient from 
oceanic blanket bogs through raised bogs 
farth.er from the coast, and ultimately to the 
contmental flat bogs of the Poh~sie basin, 
has been related to regional differences in 
climate (Kulczynski, 1949), as has the south/ 
north gradient from raised bogs to the "aapa" 
peatlands of northern Fennoscandia (Sjors, 
1948; Ruuhijarvi, 1960, 1970; Eurola, 1962). 
Some very interesting work of this kind has 
also been done in eastern North America 
(Damman, 1979a, b), but a broad-scale in
vestigation of climatic influences upon the 
gradients of landscape pattern from mid
continental Minnesota and Manitoba to the 
oceanic Maritime Provinces remains to be 
attempted. It is also unfortunate that detailed 
comparisons of hydrologic budgets for these 
different kinds of wetlands are lacking. 

The role of groundwater hydrology ap
pears to be of considerable importance in 
mid-continental bogs, as noted by Kulczynski 
(1949) in eastern Europe (ct. Boelter & Verry, 
1975). The same is likely to be true in the 
large peatland complexes of northwestern 
Minnesota, where seemingly minerotrophic 
fen "water:tracks" ~rise in the midst of large 
areas of ra1sed, radiate and ovoid Sphagnum
black spruce bogs (Glaser et a/., 1981 ). One 
possible cause presently being examined is 
local upwelling of groundwater, brought 
about by the generation of small hydrologic 
heads in water-mounds developed beneath 
the adjacent raised bogs (Siegel, 1981). 

On a much smaller scale of peatland pat
tern, the classical hypothesis of peat ac
cumulation by the lenticular regeneration of 
Sphagnum hummocks and hollows (Aiton, 

1811; von Post & Sernander, 1910; Tansley, 
1949; Kulczynski, 1949) has recently come 
into question (Walker & Walker, 1961 ; Aarto
lahti, 1967; Tolonen, 1971; Aaby, 1976). 
Studies in North America, where human influ
ences upon peat bogs have been of much 
briefer duration than in Europe, might be of 
great value in assessing the validity of the 
classical view. However, such an assessment 
may require the exposure of peat faces sever
al metres long by a few metres deep (Aaby, 
1976), and can best be carried out on bogs 
about to be exploited for horticultural peat. 
If the metal chemistry is sufficiently different 
in hummocks, hollows and pools (Damman, 
1978), chemical stratigraphy may reinforce 
microfossil stratigraphy in providing clues 
to the spatial persistence of individual micro
topographic units over time. 

The orientation of anastomosing ridges 
and troughs (or strings and flarks, as they 
are often called) across the line of water 
flow in fen water tracks is another small
scale pattern whose origin is much debated 
(see references in Schenk, 1970; Glaser et 
at., 1981). It seems likely that an acceptable 
resolution of the debate will require the col
laboration of botanists interested in the 
life histories, growth patterns and physiology 
of the dominant plants, and hydrologists 
capable of dealing with the influence of mi
crotopography upon patterns and rates of 
water flow, which in turn influence the supply 
of oxygen and nutrients to the plants that 
form the ridges and troughs. 

Biogeochemical cycling 

As yet there have been few attempts at a 
mass-balance analysis of inputs, outputs and 
storages of nutrients in peatlands, and none 
in which dry deposition has been measured 
satisfactorily. Comparing precipitation inputs 
with stream outputs from an area of blanket 
bog and eroding peat, Crisp (1966) observed 
~hat the. outputs of phosphorus and nitrogen 
10 solut1on were distinctly less than the in
puts, but that total outputs- including erod
ing peat particles - were much greater. For 
potassium and calcium, outputs in solution 
greatly exceeded precipitation inputs, pre
sumably because of weathering inputs from 
the small areas of exposed mineral soil with
in t~e drainage basin. Sodium output in 
~olut1on was almost twice the precipitation 
mput, .~erhaps for the same reason, but dry 
depos1t1on of large sea-salt particles could 
also be involved. 
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More recently Hemond (1980) observed 
annual storage rates of magnesium, po
tassium and lead in the peat of a floating 
Sphagnum mat to be 41, 41, and 85% of 
precipitation inputs, respectively. For a south 
Swedish raised bog Damman (1978) reported 
relative retention of inputs in the ombrotro
phic peat to be Mg = N >> Ca > K > Mn > 
Na; a generally similar ·order has been in
ferred by Pakarinen (1981) by comparing 
retention in living bog moss with that in 
deep ombrotrophic peat. 

Damman (1978) and Pakarinen et a/. 
(1981) have demonstrated accumulation of 
iron, aluminum, zinc and lead within the 
zone of water-table fluctuation in Sphagnum 
bogs; the latter authors also showed a slight
ly deeper zone of sulfur accumulation that 
could perhaps be related to sulfide precipita
tion in a zone of minimum redox potential 
(Urquhart & Gore, 1973). Potassium, manga
nese and copper had maximum concentra
tions at the bog surface. 

In the vicinity of cultivated soils, surface 
peats may be greatly enriched in lithophile 
elements by dustfall (Mattson & Koutler
Andersson, 1954) as may the living Spha
gnum moss (Gorham & Tilton, 1978). The 
observation that such enrichment may stimu
late peat accumulation (Mattson & Koutler
Andersson, 1954) deserves testing in other 
locations; in this connection the relative 
effects upon primary production and decom
position ought to be investigated. In con
trast, the frequently observed enrichments 
of bog mosses and recent peats in toxic 
heavy metals - lead, cadmium, etc. - de
posited from air pollution (ROhling & Tyler, 
1971; Pakarinen & Tolonen, 1976, 1977), 
ought to be examined concerning possible 
negative effects upon production and decom
position. The possible influence of wind
borne sea spray upon such phenomena in 
coastal bogs might also repay investigation, 
particularly where the effect is pronounced, 
for instance in the Falkland Islands (Gorham 
& Cragg, 1960). 

Gaseous fluxes of carbon, sulfur and nitro
gen require detailed study in peat bogs, 
where reduction processes can generate 
methane and a variety of volatile sulfur and 
nitrogen compounds. According to Clymo & 
Reddaway (1972) ratios of carbon dioxide to 
methane evolution in blanket bog averaged 
about 8 :1 for Sphagnum pools and lawns, 
and 50:1 for hummocks. Carbon losses in 
solution averaged about 13-25% of gaseous 
losses. Unfortunately, studies of the evolu-

lion of gaseous sulfur and nitrogen com
pounds, in both oxidized and reduced forms, 
have not been published, although some 
work has been done on the floating Spha
gnum mat at Thoreau's Bog in Massachu
setts (H.F. Hemond, pers. comm.). It is of 
interest that at that site sulfate reduction and 
uptake of nitrate have effectively counteract
ed the effects of 'acid rain' upon the inter
stitial waters of the peat. The surface waters 
of peat pools may however be considerably 
acidified by such means, as shown in ombro
trophic British bogs (Gorham, 1958). 

Gaseous fluxes from the vast Hudson Bay 
lowlands could be of more than local inter
est. Biogenic emissions of volatile sulfur 
compounds from anaerobic soils and peats 
are hypothesized to be an important part of 
the global sulfur budget, and the chrono
sequence from sulfur-rich coastal salt 
marshes to inland fens and bogs deserves 
investigation in this context. It has also been 
postulated that biogenic emissions are impli
cated in 'acid rain'. If so, one would expect 
to be able to identify its presence and impact 
in the Hudson I James Bay area - far remov
ed from major source regions for anthro
pogenic emissions. 

Nitrogen fixation may also be important 
in peatlands, especially in minerotrophic 
fens (Moore & Bellamy, 1974). Even in ombro
trophic blanket bog the process may be 
significant in some microhabitats (Martin & 
Holding, 1978). In James Bay muskeg (pH 
4.8 - 6.0), fixation has been associated with 
blue-green algae and lichens (Blasco & Jor
dan, 1976). 

Floristic differences 

Peatland floras are well known to vary 
regionally in relation to climatic and other 
environmental variables. However, many 
interesting questions remain to be answered. 
For instance, certain species of algae, moss
es and vascular plants that are indicative of 
minerotrophic fens in continental peatlands 
can grow in ombrotrophic bog habitats in 
more oceanic sites (Gorham, 1956; Damman, 
1979a, b). Whether this is due to differences 
in nutrient supply, climate, or other environ
mental factors has not been satisfactorily 
decided. Different ecotypes could also be 
involved. Fire might be a factor in some 
cases; indicators of poor fen are found in 
burned-over bog islands of the Red Lake 
peatland in Minnesota (Glaser et a/., 1981 ). 
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In another case, on drained and burned 
British peatlands the cottongrass Eriopho
rum vaginatum is often dominant. The same 
plant sometimes dominates a horizon in the 
peat profile between overlying Sphagnum
bog peat and underlying sedge-fen peat 
(Gorham, 1949), just as it may dominate the 
margin between the fen lagg and the raised 
bog in some Swedish peatlands today (Du
Rietz, 1950). Because the two habitats are so 
very different, it seems likely that ecotypic 
differentiation may have occurred, but the 
matter has not been studied. It would also 
be of great interest to know something of the 
genecology of rare peatland species. For 
instance, is Xyris montana genetically differ
ent at the scattered sites in Minnesota where 
it reaches its western boundary in the U.S.A. 
(Glaser & Wheeler, in prep.)? 

The interactions of climatic factors, water
table fluctuations and water flow patterns in 
controlling the prevalence of trees and their 
rates of growth on peatlands have also not 
been worked out. In this connection, during 
the drought of the 1930's both tamarack and 
black spruce in the fens and bogs of northern 
Minnesota exhibited greatly increased ra
dial stem increments (Hofstetter, 1969; Tilton, 
1975). 

Autecological problems 

The interaction of environmental variables 
and individual life-history differences that 
control the abundance and productivity of 
peatland plants is poorly understood. For 
example, although the effects of pH, calcium 
concentration, water-table depth and sulfur 
dioxide upon the growth of several Spha
gnum species have been carefully worked 
out (Ciymo & Reddaway, 1972; Clymo, 1973; 
Ferguson & Lee, 1978), we do not yet know 
if their productivity is limited by a deficiency 
of nutrients such as phosphorus or nitrogen 
in the same way that tree growth on peat
lands is often limited (Tilton, 1978). Competi
tion is also distinctly affected by nutrient 
availability, as shown by the take-over of 
Sphagnum-dominated bog sites by Eriopho
rum vaginatum after fertilization with phos
phorus (Tamm, 1954). 

The importance of demographic life
history studies in the investigation of primary 
productivity of peatland plants is well shown 
by the work of Bernard, who demonstrated 
that taking account of substantial shoot 
mortality during the growing season greatly 
increases the productivity figures for certain 

sedges (Bernard & Gorham, 1978). The aut
ecology of most of the dominant peatland 
plants has not yet been studied in this way. 

The autecology of the major peatland 
animals is also little known, with the notable 
exception of the excellent studies of the 
blanket bog at Moor House in the English 
Pennine Mountains over the last 30 years 
(Cragg, 1961; Coulson & Whittaker, 1978). 
Those investigations have been on a scale 
sufficient to allow some assessment of the 
role of animal populations in the ecosystem 
process of energy flow, a rare situation in 
peatland ecology. The role of the Hudson 
Bay /James Bay peatlands as habitats (and 
refuges) for wildlife deserves serious atten
tion. 

Conclusion 

It is evident from this review of the liter
ature that many of the most fascinating and 
important ecological problems of peatlands 
have barely been tackled, let alone solved. 
The great peatland complexes of the Hudson 
Bay lowlands, like their analogs in northern 
Minnesota and Alaska, offer challenges to 
the ecologist at all levels from that of land
scape evolution and ecosystem process to 
the autecology and population dynamics of 
dominant plants, the genecology of indi
vidual species, and the distribution of rarities 
of great interest to the taxonomist and con
servationist. 

Acknowledgments 

This paper grew out of a research proposal 
funded by the National Science Foundation (Grant 
DEB-7922142). I am grateful to my colleagues in 
that proposal, and particularly to H. E. Wright, 
Jr., for their suggestions regarding important 
desiderata in peatland ecology. 

References 

AABY, B., 1976. Cyclic climatic variations in cli
mate over the past 5,500 yr reflected in raised 
bogs.- Nature, Lond., 263: 281-284. 

AABY, B. & H. TAUBER, 1975. Rates of peat forma
tion in relation to degree of humification and 
local environment, as shown by studies of a 
raised bog in Denmark.- Boreas, 4: 1-17. 

AARTOLAHTI, T., 1967. On dating the genesis of 
peat banks and hollows in the raised bogs of 
southwestern Finland. - Compt. Rend. Soc. 
Geol. Finland, 39: 71-86. 

AITON, W., 1811. Treatise on the origin, qualities, 
and cultivation of moss-earth, with directions 



GORHAM: UNSOLVED PROBLEMS IN PEATLAND ECOLOGY 539 

for converting it into manure. - Wilson and 
Paul, Air, 357 p. 

ANONYMOUS, 1981. Wetlands of Canada (map).
Ecological Land Classification Series, no. 14, 
Environment Canada, Cat. no. EN 73-3/14. 

BERNARD. J. M. & E. GORHAM, 1978. Life history 
aspects of primary production in sedge wet
lands. -Pages 39-51 in R. E. Good, D. F. Whig
ham & R. L. Simpson (eds.). Freshwater wet
lands. Academic Press. New York, 378 p. 

BLASCO, J.A. & D.C. JOADAN, 1976. Nitrogen 
fixation in the muskeg ecosystem of the James 
Bay lowlands, northern Ontario. - Can. J. 
Microbiol., 22: 897-907. 

BOEL TEA. D. H. & E. S. VERRY, 1975. Peatland 
and water in the northern lake states.- U.S.D.A. 
Forest Service, Gen. Tech. Rep. no. NC-31, 
22 p. 

BROWN, R.J. E., 1977. Muskeg and permafrost.
Pages 148-163 in N. W. Radforth & C. Brawner 
(eds.). Muskeg and the northern environment 
in Canada. University of Toronto Press, Toronto, 
399 p. 

CL YMO, R. S., 1973. The growth of Sphagnum : 
some effects of environment. - J. Ecol.,)rf: 
~ 

CLYMO, R.S., 1978. A model of peat bog growth. 
- Pages 187-223 in 0. W. Heal & D. F. Perkins 
(eds.). Production ecology of British moors and 
montane grasslands. Springer Verlag, New 
York, 425 p. 

CLYMO, R.S. & E.J.F. REDDAWAY, 1972. A tenta
tive dry matter balance sheet for the wet blan
ket bog on Burnt Hill, Moor House NNR. -
Moor House Occ. Paper no. 3, 15 p. 

CONWAY, V. M., 1948. Von Post's work on climatic 
rhythms.- New Phytol., 47: 220-237. 

COULSON. J.C. & J.B. WHITTAKER. 1978. Ecolo
gy of moorland animals.- Pages 52-93 in 0. W. 
Heal & D. F. Perkins (eds.). Production ecology 
of British moors and montane grasslands. 
Springer Verlag, New York, 426 p. 

CRAGG, J. B., 1961. Some aspects of the ecology 
of moorland animals. - J. Ecol., 49: 477-506. 

CRISP, D. T., 1966. Input and output of minerals 
for an area of Pen nine moorland: the impor
tance of precipitation, drainage, peat erosion 
and animals. - J. appl. Ecol., 3: 327-348. 

DAMMAN, A. W. H., 1977. Geographical changes in 
the vegetation pattern of raised bogs in the Bay 
of Fundy region of Maine and New Brunswick. 
- Vegetatio, 35: 137-151. 

DAMMAN, A. W. H., 1978. Distribution and move
ment of elements in ombrotrophic peat bogs 
- Oikos, 30: 480-495. 

DAMMAN, A. W. H., 1979a. Ecological and floristic 
trends in the ombrotrophic bogs of eastern 
North America.- Pages 187-195 in J.M. Gehu 
(ed.). La vegetation des sols tourbeux. Docu
ments Phytosoc. (Lille), vol. 4, 1092 p. 

DAMMAN, A. W. H., 1979b. Geographic patterns in 
peatland development in eastern North Ameri
ca. - Pages 42-57 in Proc. int. Symp. Classif. 
Peat and Peatlands, Hyttiiila. Finland. 367 p. 

DRURY, W. H., 1956. Bog flats and physiographic 
processes in the upper Kuskokwim River 
region, Alaska. - Contr. Gray Herb. Harv., 
no. 178, 130 p. 

DURIETZ, G. E., 1950. Phytogeographical excur
sion to the Ryggmossen mire near Uppsala. -
Guide A II b 3, Seventh int. Bot. Congr., Stock
holm, 24 p. 

EPSTEIN, S., P. THOMPSON & C.J. YAPP, 19n. 
Oxygen and hydrogen isotopic ratio in plant 
cellulose.- Science. N.Y., 198: 1209-1215. 

EPSTEIN, S., C.J. YAPP & J.H. HALL, 1976. The 
determination of the D/H ratio of non-exchan
geable hydrogen in cellulose extracted from 
aquatic and land plants. - Earth Planet. Sci. 
Letters, 30:241-251. 

EUROLA, S., 1962. Uber die regionale Einteilung 
der sudfinnische Moore. - Ann. Bot. Soc. 
Vanamo, 33: 1-243. 

FARNHAM, R.S. 1978. Energy from peat. - Min
nesota Energy Agency Rep., 169 p. 

FERGUSON, P. & J.A. LEE, 1978. Effects of sul
phur pollutants on the growth of Sphagnum 
species.- Envir. Poll., 16: 151-162. 

FERHI, A.M., A. LONG & J.C. LERMAN, 1977. 
Stable isotopes of oxygen in plants: a possible 
paleohygrometer. - Hydro!. Water Resources 
Ariz. & S.W., 7:191-198. 

GLASER, P.H., G.A. WHEELER. E. GORHAM & 
H.E. WRIGHT, 1981. The patterned mires of the 
Red Lake peatland, northern Minnesota: vege
tation, water chemistry, and landforms. -
J. Ecol., 69: 575-599. 

GODWIN, H., 1954. Recurrence surfaces.- Danm. 
geol. Unders., Ser. 2, 80: 22-30. 

GORHAM, E., 1949. Some chemical aspects of a 
peat profile.- J. Ecol., 37: 24-27. 

GORHAM, E., 1953. Some early ideas concern
ing the nature, origin and development of 
peatlands.- J. Ecol., 41: 257-274. 

GORHAM, E., 1956. On the chemical composition 
of some waters from the Moor House nature 
reserve. - J. Ecol., 44: 377-384. 

GORHAM, E., 1958. Free acid in British soils. -
Nature, Lond., 181 : 106. 

GORHAM, E. & J. B. CRAGG, 1960. The chemical 
composition of some bog waters from the 
Falkland Islands.- J. Ecol., 48: 175-181. 

GORHAM, E. & D. L. TILTON, 1978. The mineral 
content of Sphagnum fuscum as affected by 
human settlement.- Can. J. Bot., 56: 2755-2759. 

GRANLUND, E., 1932. De svenska hogmossarnas 
geologi.- Sver. geol. Unders. Afh., 26: 1-193. 

GREESON, P.E., J.R. CLARK & J.E. CLARK, 1979. 
Wetland functions and values: the state of our 

--



540 LE NATURALISTE CANADIEN, VOL. 109, 1982 

understanding.- Am. Water Resources Assoc., 
Minneapolis, MN, 674 p. 

HEINSELMAN, M. L., 1963. Forest sites, bog pro
cesses and peatland types in the Glacial Lake 
Agassiz region. - Ecol. Monogr., 33: 327-374. 

HEINSELMAN, M. L., 1970. Landscape evolution, 
peatland types, and the environment in the 
Agassiz Peatlands Natural Area. - Ecol. Mo
nogr .. 40: 235-261. 

HEMOND, H.F., 1980. Biogeochemistry of Tho
reau's Bog, Concord, Massachusetts. - Ecol. 
Monogr., 50: 507-526. 

HOFSTETTER, R. H., 1969. Floristic and ecological 
studies of Minnesota wetlands. - Ph.D. thesis, 
Univ. Minnesota, Minneapolis. 

JANSSEN, C. A., 1968. Myrtle Lake: a late- and 
post-glacial pollen diagram from northern 
Minnesota.- Can. J. Bot., 46: 1397-1408. 

KULClYNSKI, S., 1949. Peat bogs of Polesie. 
Mem. Acad. pol. Sci., Ser. B, no. 15, 356 p. 

MALMSTROM, C.. 1923. Degero Stormyr. 
Meddn. St. SkogsforsAnst., 20: 1-206. 

MARTIN, N.J. & A.J. HOLDING, 1978. Nutrient 
availability and other factors limiting microbial 
activity in the blanket peat. - Pages 113-135 
in 0. W. Heal & D. F. Perkins (eds.). Production 
ecology of British moors and montane grass
lands. Springer Verlag, New York, 426 p. 

MATISON, S. & E. KOUTi..ER-ANDERSSON, 1954. 
Geochemistry of a raised bog. - K. Lantbr. 
Hogsk. Annl., 21 : 321-366. 

MITCHELL. G. F .. 1956. Post-boreal pollen dia
grams from Irish raised bogs. - Proc. R. lr. 
Acad .. Ser. 8, 57: 235-251. 

MOLDER. K. & M. SALMI, 1955. The general geo
logical map of Finland, Sheet 83, Vaasa, ex
planation to the map of superficial deposits. -
Geologinen Tutkimuslaitos, Helsinki, 75 p. 

MOORE. P.O. & D.J. BELLAMY, 1974. Peatlands. 
-Springer Verlag, New York, 221 p. 

NICHOLS, H., 1909. Chronology of peat growth 
in Canada- Paleogeogr., Paleoecol., 6: 61-65. 

OGDEN, J. G., 1960. Recurrence surfaces and 
pollen stratigraphy of a postglacial raised 
bog, King's County, Nova Scotia. - Am. J. 
Sci., 258: 341-353. 

OVERBECK, F., K.O. MUNNICH, L. ALETSEE & 
F. A. AVER DIECK, 1957. Das Alter des "Gren
zhorizontes" norddeutscher Hochmoore nach 
Radiocarbon-Datierung. - Flora, Jena, 145: 
37-71. 

PAKARINEN, P., 1981. Anaerobic peat as a nutrient 
sink in raiSed bogs. [In Finnish with English 
summary].- Suo, 32: 15-19. 

PAKARINEN, P. & K. TOLONEN, 1976. Regional 
survey of heavy metals in peat mosses (Spha
gnum). -Ambia, 5: 38-40. 

PAKARINEN, P. & K. TOLONEN, 1977. Distribu
tion of lead in Sphagnum fuscum profiles in 
Finland. - Oikos, 28: 69-73. 

PAKARINEN, P., K. TOLONEN & J. SOVERI, 1981. 
Distribution of trace metals and sulfur in the 
surface peat of Finnish raised bogs. - Pages 
645-648 in Proc. 6th int. Peat Congress, Duluth, 
Minnesota, 1980, 735 p. 

POLLETT, F. C., 1972. Classification of peatlands in 
Newfoundland.- Pages 101-110 in Proc. 4th 
int. Peat Congr., Helsinki, 1, 484 p. 

POST, L. von & R. SERNANDER, 1910. Pflanzen
physiognomische Studien auf Torfmoore in 
Narke. - Livret-guide des excursions en Suede 
du Xle Congres Geol. lnt 1, 14 (Excursion A7). 

READER, R.J. & J.M. STEWART, 1972. The re
lationship between net primary production and 
accumulation for a peatland in southeastern 
Manitoba.- Ecology, 53: 1024-1037. 

ROHLING, A. & G. TYLER, 1971. Regional differ
ences in the deposition of heavy metals over 
Scandinavia.- J. appl. Ecol., 8: 497-507. 

RUUHIJARVI, A., 1960. Ober die regionale Einteil
ung der nordfinnische Moore. - Ann. Bot. 
Soc. Vanamo, 31: 1-360. 

RUUHIJARVI, R., 1970. Subarctic peatlands and 
their utilization.- Pages 319-326 in Ecology of 
the subarctic regions. UNESCO, Paris, 364 p. 

SCHENK, E., 1970. On the string formation in the 
aapa moors and raised bogs of Finland. -
Pages 335-342 in Ecology of the subarctic 
regions. UNESCO, Paris, 364 p. 

SCHIEGL, W. E., 1972. Deuterium content of peat 
as a paleoclimatic recorder. - Science, N.Y., 
175:512-513. 

SCHNEEKLOTH, H., 1968. The significance of the 
limiting horizon for the chronostratigraphy of 
raised bogs: results of a critical investigation. 
-Pages 116-118 in Proc. 3rd int. Peat Congr., 
Quebec, 405 p. 

SIEGEL, 0.1., 1981. Hydrogeologic setting of the 
Glacial Lake Agassiz peatlands, northern Min
nesota. - U.S. Geol. Surv., Water-Resources 
Investigations no. 81-24, 30 p. 

SJORS, H., 1948. Myrvegetation i Bergslagen. -
Acta phytogeogr. suec., 21 : 1-299. 

SJORS, H., 1959. Bogs and fens in the Hudson 
Bay lowlands.- Arctic, 12: 2-19. 

SJORS, H., 1961a. Some chemical properties of 
the humus layer in Swedish natural soils. -
K. Skogshogsk. Skr., no. 37, 51 p. 

SJORS, H., 1961 b. Forest and peatland at Hawley 
Lake, northern Ontario. - Bull. natn. Mus. 
Can., 171:1-31. 

SJORS, H., 1963. Bogs and fens on Attawapiskat 
River, northern Ontario. - Bull. natn. Mus. 
Can., 186: 45-133. 

SJORS, H., 1980. Peat on earth: multiple use or 
conservation?- Ambia, 9: 303-308. 

TAMM, C. 0., 1954. Some observations on the 
nutrient turnover in a bog community dominat
ed by Eriophorum vagina tum. - Oikos, 5 : 
189-194. 

-



GORHAM: UNSOLVED PROBLEMS IN PEATLAND ECOLOGY 541 

TANSLEY, A.G., 1949. The British Isles and their 
vegetation. - Cambridge Univ. Press (2 vol.), 
930 p. 

TILTON, D.L., 1975. The growth and nutrition of 
tamarack (Larix laricina). -Ph.D. thesis, Univ. 
Minnesota, Minneapolis. 

TILTON, D.L., 1978. Comparative growth and foliar 
element concentrations of Larix laricina over a 
range of wetland types in Minnesota. - J. 
Ecol., 66: 199-512. · 

TOLONEN, K., 1971. On the regeneration of north 
European bogs. -Acta Agralia Fennica, 123: 
143-166. 

TOLONEN, K., 1977. On dry matter accumulation 
and bulk density values in three south Finnish 
raised bogs [In Finnish with English summary] 
-Suo, 28: 1-8. 

URQUHART, C. & A.J.P. GORE, 1973. The redox 
characteristics of four peat profiles. - Soil 
Bioi. Biochem., 5: 659-672. 

WALKER, D., 1970. Direction and rate in some 
British post-glacial hydroseres. - Pages 
117-139 in D. Walker & R.G. West (eds.). Stud
ies in the vegetation history of the British 
Isles. Cambridge Univ. Press, London, 266 p. 

WALKER, D. & P.M. WALKER, 1961. Stratigraphic 
evidence of regeneration in some Irish bogs.
J. Ecol., 49:169-185. 

WICKMAN, F.E., 1951. The maximum height of 
raised bogs. - Geol. For. Stockh. Forh., 73: 
413-422. 

ZOLTAI, S.C., 1980. An outline of the wetland 
regions of Canada. - Pages 1-8 in Ecological 
Land Classification Series, no. 12, Environment 
Canada, Cat. no. En 73-3/12, 90 p. 


	magr27823
	magr27824
	magr27825
	magr27826
	magr27827
	magr27828
	magr27829
	magr27830
	magr27831

