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The Dynamics of Sphagnum in Forest and
Peatland Communities in Southeastern Labrador, Canada
DAVID R. FOSTER'
ABSTRACT. Longfire rotation, high levels ofprecipitation, and acidic nature of the bedrock
are factors contributing to the dominance of
Sphagnum
in many upland and peatland communities in southeastern Labrador. Vegetation development inducedby local or regional environmental changefrequently involves replacementof species assemblages of various bryophytes and lichens by species assemblages dominatedby Sphagnum. In upland
forests the successional sequence following fire often culminates in a carpet of Sphagnum girgensohnii overgrowing feather mosses. Similarly,
following a change in the water table, Sphagnum lindbergii encroaches as a broad carpet over Cladopdiella fruituns and Gymnocoleu infraru on
recently exposed mud bottoms in bog hollows. On bog hummocks, following fire or changes in the moisture regime, Sphagnumfuscum overtops
Cladonia lichens to form a pronounced recurrence horizon.
Key words: Sphagnum. vegetation development, fire, Labrador, paludification, succession, bryophytes
RÉSUMÉ. Une longue rotation d'incendies, des taux élevés de précipitation et la nature acide du sousbassement sont tous des facteurs contribuant à
la dominance du Sphagnum dans de nombreuses communautés de terre élevées et de tourbières dans le sud-est du Labrador. La croissance de la
végétation provoquée par des changements locaux ou régionaux dans le milieu comprend souvent le remplacement d'établissements d'espkces de
divers bryophytes et lichens pardes établissementsd'espkes dominées par leSphagnum. Dans les forêts des collines, la séquence de successionsuivant un incendie se termine souvent par un tapis de Sphagnum girgensohnii poussant audessus de mousses hypnées. De même, suivant u n changement dans le niveau hydrostatique, le Sphagnum lindbergii empiète commeun large tapis au-dessusdes Cladopodiellufruiranset des Gymnowleu infrufu sur des fonds boueux récemmentexposés dans des creux de tourbikres. Sur les tertres de tourbières, après un incendie ou un changement dans le
régime d'humidité, le Sphagnumfuscum croit pardessue les lichens Cladonia pour former un "horizon de retour" prononcé.
Mots clés: Sphagnum, croissance de la végétation, incendie, Labrador, formulation de paluds, succession, bryophytes
Traduit pour le journal par Maurice Guibord.

INTRODUCTION

Underthe environmental conditions of theborealregion
diverse Sphagnum species thrive andassume prominence in
variousuplandandwetlandplant
communities. Because of
their relatively rapid growth rate and inhibitory effect on decompositional processes, Sphagnum spp. are primary builders
of peat and frequently of the forest organic layer.
Members of this genus produce relatively short horizontally
spreading branches. Colonies frequently tend to have great
coherence andindividual plants tend to absorb prodigious
quantities of water by means of the unique hyatine cells that
are characteristic of the genus. The shoots act as wicks, drawing water up the exterior of each individual Stem in spaces between the stem andleaves, and between adjacent shoots (Gimingham
and
Birse, 1957; Birse, 1958). Physiologically,
Sphagnum can exchange H + ions for other cations at exchange sites composed of unesterified poly-uronic acids
located on the cell walls (Clymo, 1963).
As a resultof their particular morphologicalandphysiological qualities, and their ability to produce significant
organic accumulations, Sphagnum spp. may exert a pronounced
influence
on
local
soil
environment, including
temperature regime
and
permafrost development (Drury,
1956; Viereck, 1966), pH (Clymo, 1964), aeration (Andrus,
1974). water content (Heinselman. 1970, 1972), nutrient
status (Heilman, 1966;Moizukand Livingstone, 1966). and
microfloral and microfaunalpopulations (Waksman, 1930;
Rosswell er al., 1975). These effects may indirectlygovern
suchimportant community attributes and processes as the

direction andrate of vegetation development, productivity,
nutrient cycling, floristic composition, and the nature and rate
of export of materials into local catchment basins.
Labrador's cool maritime climate, regional geology, and
physiography provide environments that are particularly conducive to the accumulation of organic deposits. The predominance of organic terrain on the extensive glacial plains and
drumlin fields in southeastern Labrador has given this region
the reputation of being 20-30% covered by wetlands (Hare,
1959). These relativelylevel surfaces support a variety of
peatlands including extensive patterned fens, large mire complexes, and, towards the coast, magnificentraisedbogs
(Foster, 1983a, 1983b; Foster and King, 1984; Glaser and
Foster, 1984). As a result of the acidic nature of the bedrock
and till, eventhe
soligenous areas are characterized by
oligotrophic groundwater with low pH and low concentrations
of salts, conditions that favor the growth of Sphagnum.
Upland forest areas exhibit a fire rotation (sensu Heinselman, 1973)of considerably longer duration than that estimated
for therestoftheNorth
American boreal forest (Foster,
1983a). The long interval between fires (often exceeding 500
years) provides a period of vegetation development during
whichthe forest floor becomes separated fromthemineral
substratum by a thick, water-logged organic soil with low pH
(Foster, 1984b). During this process of paludification, environmental conditions gradually change to favor an increase
of Sphagnum, which eventually blankets the forest floor.
Upland and wetland communities exhibit changes over time
in structure, composition, and .function, mediated by such en-
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vironmental factors as fire and long-term climatic change. As cryptogams and to cut monoliths for laboratory examination.
Sphagnum spp. are prominent in both types of habitat, vegeta- The depth and length ofexposure varied with the growth habit
tion development frequently involvesthereplacement
of of the species and the nature of the habitat. Photographs were
pits. Samples were wrapped in
species assemblages with other growth forms by species takenofthemonolithsand
plastic and aluminum foil for transfer to the lab.
assemblages dominated by Sphagnum. Observations ofthis
process in southeastern Labrador suggest that thisreplacement
SPHAGNUM SUCCESSION IN UPLAND FOREST
sequence finds parallels in a variety ofhabitats in which
Following fire in the
upland
spruce-Pleurozium forest
various species groups are involved. As many studies suggest
that Sphagnum is of critical importance in vegetation develop- (Table l), there ensues a long period of vegetation development (Lewis and Dowding, 1926; Wenner, 1947; Tansley, ment that leads to the reestablishment of a closed-canopy com1949; Swan and Gill, 1970; Walker, 1970; Vitt et al., 1975), munity (Foster, 1984b). The following sequence is docuan investigationof
Sphagnum successionshouldhelp
to mented: Lecidea granulosa - Polytrichum juniperinum cup fruticose lichens (Cladonia sulphurina, C.
elucidate the long-term dynamics of these communities and the hornand
rolethatindividual
Sphagnum species play in community chlorophaea, C. gracilis, C. coccifera) - larger fruticose
lichens (Cludonia mitis, C. rangiferina, C. stellaris) - feather
development.
mosses (Pleurozium schreberi, Ptilium crista-castrensis,
Hylocomium splendens) - Sphagnumgirgensohnii (Foster,
METHODS
1984b).
The cover of feather mosses is relatedtothe
degree of
The environment conducive to Sphagnum growth inhibits
microbial activity and thisproperty is enhanced by the physio- canopy closure, as these species depend ontheincreased
logical characteristics of the mosses. The result is incomplete nutrient availabilityand humidity found within theshade of the
decomposition of plant remains and preservation of a subfossil conifers (Tamm, 1953). The completion oftheoutlined serecordofvegetation development over time. Thus one can quence depends on the fire interval in a specific locality. In
relate present community composition and distribution of in- particular, the transition from feather moss to Sphagnum
dividual species to historical conditions. This procedure pro- girgensohnii requires long periods (100-200 years) and the acvides a record of the growth,and spread of Sphagnum species cumulationof a moist, acidic morhumus (Foster, 1983a,
to confirm the dynamics and processes inferred from the pres- 1984b).
ent landscape.
Following extensive phytosociological and paleoecological
investigations in southeastern Labrador (Foster, 1983b,
1984a; Foster and King, 1984; Glaser and Foster, 1984) three
habitats were chosen to form the basisofthisstudyon
Sphagnum succession. These include a 110-year-oldblack
spruce-Pleurozium forest (cf. Foster, 1984a) along the Alexis
River, a Sphagnum lindbergii-Carex limosa mud-bottom community (cf. Foster and King, 1984), and a Sphagnum-fiscum
hummock community (cf. Glaser and Foster, 1984), the last
two in a large plateau bog occupying an outwashterrace on the
Gilbert River. The selected sites are representative of the three
communities as described in previous investigations.
In each communitychosen for stratigraphic analysis the
vegetation was sampled in three relevds according to methods
developed by the Braun-Blanquet school ofphytosociology
FIG.I . Cross-section throughathickblanket of Sphagnum girgensohnii, il(Mueller-Dombois and Ellenberg, 1974). All species were lustrating the abrupt margin of the advancing Sphagnum. Note the alignment
recorded within 20 x 20 m plots in forested areas (spruce- of the shoots: vertical at the center of the clump (on left of photo) and gradualPleurozium forest), and in 10 x 10 m plots in open areas of ly becoming oblique to horizontal towards the front edge (arrow). The pencil
provides scale.
treeless vegetation
(bog
hummock
and
hollows). Visual
estimates of cover abundance were assignedon a standard
’7-point scale. Complete sets of voucher specimens of lichens
Once established, Sphagnumgirgensohnii grows rapidly.
and vascular species are stored in the University of Minnesota Hollowsand similar depressions in the forest floof present
herbarium, and bryophytes at the National Museum ofNatural moist micro-habitats where conditions are optimal for SphagSciences, Ottawa. Nomenclature follows Irelrtnd et al. (1980) num colonization, and these serve as nuclei from which the
for moss&, Stotler and Crandall-Stotler (1977) for hepatics, plant spreads rapidly outward (cf. Drury, 1456). Sphagnum’s
and Hale and Culberson (1970) for lichens, with the exception ramifyingformandrapid
growth cause it to overtop the
of Cludonia which follows Ahti (1961).
feather mosses, smothering them
beneath
an expanding
In each relev6 plot two excavations were made with a ser- “wave” (Fig. 1). A typical wave of S. girgensohnii is approxrated knife to expose the stratigraphic relationships of the imately 2-3 cm thick at theedgeand progressively deeper
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TABLE 1. Phytosociological tableof communities discussed in text. Cover abundance values:r = I individual; + = occasional; 1 = < 5 % ;
2 = 5-2096 ; 3 = 20-50% ; 4 = 50-70%; 5 = > 70%.
Fir-Spruce
Feather Moss
Forest

Abies balsamea
Picea glauca
Betula papyrifem
Vaccinium cespitosum
Sorbus decora
Nephroma arcticum
Listem cordata
Comus canadensis
Linnaea borealis
Gaultheria hispidula
Maianthemum canadense
Dryopteris spinulosa
Sphagnum girgensohnii
Hylocomnium splendens
Dicranum fuscrscens
Polytrichum commune
Ptilium crista-castrensis
Pyrola secunda
Dicranum scoprrium
Peltigem apthosu
Cladonia cenotea
Pleurozium schreberi
Picea manana
Ptilidium ciliare
Cladonia mngiferina
Cladonia stellaris
Ledum groenlandicum
Kalmia angustifolia
Rubus chamaemorus
Vaccinium angustifolium
Cladonia uncialis
Mylia anomala
Sphagnum &cam
Dicmnum undulatum
Sphagnum nemoreum
Empetrum nignun
Cladonia crispata
Clrrctonia comuta
Eriophorum spissum
Vaccinium oxycoccos
Kalmia polifolia
Chamaedaphne calyculata
Scirpus cespitosus
Drosem rotundifolia
Sphagnum rubelium
Sphagnum lindbergii
Clodopodiallajluitans
Andromeda glaucophylla
Carex limosa
Sphagnum tenellum
Sphagnum magellanicum
Sphagnum papillosum
Sarmcenia purpweus
Cephalozia sp.
Betula m'chauxii
Menynthes trifdiata
Carex
Juncus stygius
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(15-20 cm maximum) towards the center of thehollow
which growth started (Fig. 2).

in

recycles nutrients and alters the local environment regime to
favor early successional species and productive forest growth.

SPHAGNUM SUCCESSION IN PEATLANDS

Mud Bottoms on Raised Bogs and Poor Fens

V

/
qwqensohnii
Sphaqnum

-

Cladonia spp.

/

/

I

Pleurozium schretmrl
junlperinumPolyirichum

Charcoal

FIG. 2 . Profile of the mor humus layer in a I 10-year-old forest, cut through a
Sphagnum girgensohnii clump. The humus stratigraphy provides evidence of
the post-fire change inground cover. Sphagnum growth commenced in the
depression and subsequently spread laterally outward.

In cross-section it is apparent from the oblique alignment of
the Sphagnum stems that growth is simultaneously vertical and
radial. Studies in paludified forests in Finland demonstrate that
annual increment and average annual production are significantly greater for Sphagnumgirgensohnii than for feather
mosses (Pakarinen and Rinne, 1979), allowing it to overtop
andblanketthese
late-successional species. The outward
growth of Sphagnum girgensohnii from scattered depressions
continues until individually expanding clones meet
and
coalesce. With time, the proportion of Sphagnum cover increases at the expense of feather mosses and ultimately produces a thick continuous carpet.
Similar bryophyte replacement series are apparent across
the boreal forest and are documented in Alaska (Drury, 1956;
Heilman, 1966; Viereck, 1970), northern Minnesota (Heinselman, 1963, 1970), northern Michigan (Cooper, 1912), Quebec and Ontario (Auer, 1933), Alberta (Lewis and Dowding,
1926; Lewis e t a f . , 1928), and Fennoscandia (Siren, 1955). As
Sphagnum assumes dominance, there occurs an increase in the
thickness and moisture content of the organic horizon and a
concomitant decrease in pH, soil temperature, decomposition
rates, nutrient availability, andstandproductivity
(Foster,
I983a).
The changing environmental regime favors more oligotrophic vascular species, and a progressive change occurs in
community composition. In the absence of disturbance, a
gradual conversion of upland areas to peatland may take place
in southeastern Labrador through a continual accumulation of
organic materialandpaludificationofthe
site (Foster and
King, 1983; Wright, 1981), a process documented elsewhere
in North America (Drury, 1956; Heinselman, 1963; Viereck,
1970). Although there is some debate in the literature concerning the role of fire in the paludification process (e.g. Auer,
1933; Heinselman. 1972; Walter, 1977), it is apparent that in
southeastern Labrador fire retards the conversion of upland to
peatland (Foster, i984b). By reducing the thick insulating mat
of organic material and eliminating the Sphagnum cover, fire

Water-filled pools of both poor fens and bogs in southeastern Labrador are covered with sparse vegetation that is remarkably similar because of theoligotrophic and acidic nature
ofboth environments (Foster and King, 1984; Glaser and
‘Foster, 1984). Nupharvariegatum is scattered in deep water
on bogs andmay be associated with Sparganium angusrifolium
and Carexaquatilis on fens. In shallowbogpools Scirpus
cespitosus, Carex limosa, Andromeda glaucophylla, and
Chamaedaphnecalyculata predominate, whereas in the fens
where nutrient availability is greater, Menyanthestrifoliata
and Betula michauxii are also found. The pool floors are composed of a matrix of flocculent fine-grained plant detritus interspersed with fragments of woody material, primarily roots,
stems, and twigs of shrubs (Foster and King, 1984).
Any significant drop in the water level of pools may expose
the pool floor, presenting mud bottoms (sensu Sjors, 1948)
open to colonization by such species as the hydrophilic bryophytes Cladopodiella fluitans and Gytnnocolea inflata (Foster
and King, 1983). If this habitat remains available, the vegetationmay in time exhibit a succession of species, as the environment changes (generally to progressively drier conditions) androbust
species (predominantly Sphagnum spp.)
overtop smaller hepatics.
Pool water levelscan drop for a varietyof reasons, including localphysical or biotic processes or moreregional
changes, e.g. alteration of
the
precipitation/evaporation
balance. Two processes that operate on peatlands across southeastern Labrador are described below (cf. Foster et al., 1983;
Foster and King, 1984). On bogs and fens the coalescence of
adjacent pools as a result of degradation of the intervening
ridge can resultin the exposure of extensive mud bottoms. In a
process similar to that described for the Silver Flowe in Scotland(Boatmanand Tomlinson, 1973, 1977;Boatman et al.,
1981), the size of individual pools on patterned peatlands in
Labrador increases by means of the coalescence of adjacent
pools. Where the ridge degrades between pools on slightly different slope positions, the higher pool drains to the lower.
On raisedplateau bogs drainage streams often develop
leading from the edge of the plateau across the rand (sensu
Birks and Birks, 1980) to the margin of the peatland(cf. Damman, 1979). With time these streams erode headward towards
the center of the plateau by means of the breakdownof ridges
and “capture” of pools. As gaps in the ridges are eroded, the
pools are gradually drawn down and emptied, and a small peat
valley with a mud floor takes form (Foster et al., 1983).
The end result of both processes is the exposure of the unvegetated pool bottom, with an abrupt transition to the thick
vegetation cover at the former margin of the pool. The open
habitat is a loose, well-decomposed ooze.
The spatial distribution of species covering older mud bot-
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toms indicates, at least in part, the temporal succession onto
these areas, and is in accordance with the species' tolerance of
water-logging. Farthest out onto the former pool bottom (and
at lowest elevation) is the hepatic Cladopodiellafluirans. This
species is usuallyfollowedonslightly
higher locations by
Sphagnum lindbergii andthen by other Sphagnum spp. (including S. papillosum, S. magellanicum, S. rubellum) in a
somewhat variable pattern.

bottom that is covered with a thin layerof Cludopodielbfluiruns and scattered
shoots of Curex limosu.

Sphagnum lindbergii forms an abrupt border with the mat of
Cladopodiella fluitans (Fig. 3). The loose, homogeneous
carpet of Sphagnum lindbergii encroaches in a wave-like
fashion over the smaller bryophytes. In verticalsectionthe
carpet is 1-2 cm thick at front and thickens behind. In places, a
discontinuous layer of poorlypreserved Cladopodiellafluitans
is apparent between the Sphagnum andthe amorphous mud
bottom (Fig. 4). The Sphagnum lindbergii is appressed to the
surface and exhibits a strong component of horizontal growth.
The carpet is water-saturated and only slightly raised above
the mud surface.

Sphagnum llndbergii

C/adopadiello flujtans

FIG. 5 . Profile through a bog hummock illustrating the stratigraphic sequence:
humified Sphagnum fuscum peat - Cludoniu stelluris - Sphagnum fuscum,
from lower right to upper left. The ruler is 15 cm long.

The living Sphagnum jùscum onthe surface is generally
sharply separated from the adjacent lichens. Stratigraphic investigation suggests that the abrupt demarcation between moss
and lichen layers is a resultofthe
faster growth rate of
Sphagnumjùscum, which allows it to overgrow the Cladonia
spp. (Fig. 6 ) . As the Sphagnum grows obliquelyupward it
forms an advancing wedge that rests on an overgrown wedge
of lichen. Through time the representative area of lichencover
decreases as the Sphagnum jùscum expands.
This major shift in vegetative cover ismostlikely to be
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Sphaqnum

fuscum

Cladonia

stelloria

FIG. 6 . Wedge of Sphagnumfuscum overgrowing Cladonia stellaris on a hummocksummit. Sphagnum fuscum exhibits a strong component of vertical
growth.

.

caused by a significant disturbance of the bog environment,
althoughnormal cyclic successional processes may also be
responsible (sensu Osvald, 1923; Aaby, 1978). The water
balance of a raised bog is highly sensitive to climatic change
because a bog receives all its water supply from atmospheric
precipitation. A decrease in the water table, produced either
by increased temperature and hence increased evapotranspiration or by decreased precipitation, wouldbe detrimental to
Sphagnum growth and would favor the lichen cover. An opposite trend in climatic conditions would shift the balance the
other way. Thus the stratigraphic sequence Sphagnum lichen - Sphagnum could represent a warmer, drier climate,
followed by a reversal.
A second factor, fire, operates at least locally on bogs in
southeastern Labrador (Foster, 1983a). Fire burns selectively
along ridge andhummock
tops among the lichens, the
ericaceous shrubs, and the conifers and their litter, leaving the
moister hollows unburned. Sphagnumfuscum seldom burns
because of its high moisture content, but it may be killed by
scorching. On scorched, dead Sphagnum a sequence occurs
that is somewhat similar to the post-fire succession of cryptogams on the uplands (cf. Foster, 1984b). Polytrichum stricrum invades or resprouts immediately following fire, accompanied by Cladoniasulphurina, C. gracilis, C. coccifera, C.
macrophylla, and other cup-type lichens. These species are
followed in turn by Cladonia mitis and C. uncialis, and finally
by the long-term dominants C. rangiferina and C. stellaris. As
the overall hydrology of bog and hummock are not altered by
fire, in time unburnedhummocks of Sphagnumfuscum can expand, overtop the lichens, andresume their pre-fire abundance. The presence of charcoal beneath Cladonia stellaris in
some stratigraphic sequences, along with field observations of
stages in this post-fire succession, establish fire as a locally
important factor. However, therelatively low frequencyof
fire in southeastern Labrador, and the ubiquitous natureof the
recurrence horizon (layers of decomposedpeat alternating
with relatively undecomposed peat, cf. Barber, 1981) in bogs
across southeastern Labrador, suggest that a regional factor
such as climate must also be responsible.

The pattern of vegetation development following perturbation is often a result of local environmental change. The sequence of plants that invade and occupy a site depends on the
life-history characteristics ofthelocally
available pool of
species and the outcome of interspecific interactions.
In mire communities andsomeupland
communities of
southeastern Labrador, Sphagnum species are found in the
later stages of vegetation development and form the dominant
ground cover for extended periods of time, whenthe community is apparently in equilibrium with the environment. By
virtue of their ability to modify the local environment, competesuccessfullywith
other bryophytes, and grow rapidly
under conditions detrimental to other species, theyretain a
dominant position in the community.
It is often misleading to infer either direction of succession
or a species’ position in succession fromthe distribution of
species within a community at one point in time (cf. Vitt and
Slack, 1975; Egler, 1977; McIntosh, 1980). It is preferable to
have some understanding of past population dynamics of the
species, itsgrowth rate relative to other species, and its
historical abundance, in order to explain the vegetative patterns in thepresent landscape. The stratigraphic record of
Sphagnum succession in southeastern Labrador supports inferences drawn fromthe analysis of modern communities.
There exists a sharp delineation between the spreading mats of
particular Sphagnum spp. and adjacent cryptogams in the three
habitats described. The radial growth of the Sphagnum carpets
suggests the advancement of the species over the adjoining
ground cover.
CONCLUSION

Stratigraphy demonstrates that Sphagnum growth in the
habitats studied is often oblique, as it grows up and over the
other slower-growing cryptogams. The degree of oblique
growth is determined by the nature of the environment and by
the growth form of the particular species. Sphagnum fuscum,
which grows in compact, dense hummocks in a relatively dry
environment, is one of the mostimportant peat-building
Sphagnum species. Its tight growth form, dense branching,
and strongly vertical component of growth enable it to maintain a sharp margin with adjoining species.
Sphagnum girgensohnii grows under moist, shaded conditions within woodlandswhere peats are shallow (Horton et al.,
1979). Its growth form is more lax and less ramifying than S.
fuscum, and therefore its growth is more sprawling. It spreads
horizontally over the feather mosses, andonly slowly increases the depth of the organic layer. Extensive low hummocks of nearly pure populations of Sphagnum girgensohnii
form a continuous carpet in many older forests in southeastern
Labrador, similar to those noted elsewhere in the Canadian
boreal forest (Horton et al., 1979).
Of the three species, Sphagnum lindbergii least displays the
vertical component of growth, and it contributes little to peat
accumulations. Occupying aquatic and water-saturated
habitats, it forms loose, floating carpets. The slightly elevated
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