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ABSTRACT

.

>

This study wae undertaken in order to determine the

cause of the patterh of Ledum groerlandicum in mires (peat-
lands). The plant is a prominent mire shrub in North m
America, occurring primarily in the raised-peat port;ons of
mines. Field- reseax@h centered primarily in two mire sys-
tems located in central Alverta.

_ A series of field and laboratory experiments involving
the eeed dispersal, germination, seedliqg, juvenile and
mature plant stages was conducted in order to establish
which stage(s) limited tﬂb plant's distrjbution. The in- "~
flue#be of several major environmental variables on the
above stages of the plant's: 1ife cycle was studied; &hese
incluvded water }evel, pH, substrate chemistry and physical
characteristics,‘&emperature and light.

Mone of the abiotic environmentallparameters tested
found to be of primary importance in limiting the plant's
spread into low-peat substrates which have relag}vely well
aerated surface layers. Instead, a combination of biotic

environmental paraméters (1.6 growth of other plants) and

e growth characteristics of L. groenlandicum was founq to
%e the primery cause of the pattern. Abiotic pAarameters
(especially high subStrate water conteht) played an indirect
role, 1argely‘by influenging the growth rates of the plants.

The mature plant ard seedling stages of L. g}henlandi-

cum were found to be the critical points in t‘e formation

iv
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of the pattern. Végetative spread. of mature plants of L.

grdenlandiCum into the low-peat communities was largely

‘1imited by the plant's growth pattern rather than by its
physioiogical toleranc;s.

Although germination and initiai seedling establish-
meﬁt occurred in all low and raised-peat substrates tested,
no naturally established juvenile plants ( -y 3 years old)
‘were found 1n the low-peat communities. The small size of
the seedlings and their slow rates’ of growth puts the plaﬁt
at a competitive disadvantage in relation to the faster
growing plants which naturally occur in low- pggt areas
(primarily mosses). In addition, the extended period of tine
spent M a "seedling” environment by the young plants
heiphtens the probability of mortality due to climatic ex-

- tremes. The combination of these two variables is largely
responsible for the lack of long term survival of L. groen-
landicum seedlings 1in low-peat environments. .

Success}ul seedling establishment (long term) was limited
mn)vnﬁfats where moss growth is reduced, such as in‘dis-
turbed areas or on senescent moss hummocks.

These results indicate that a re-examination of the
general conclusion fhat abiotic parameters are the direct
determinants of the distributional patterns of mire plants
and plant communities needs to be made. Because the abiotic
:;vironmental gradients are often very steep in mire systems

and change in parallel with the distributidﬁal patterns of

many mire plants, it would at first appear that they were of
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pripary importance in causing the pattern. However, for

Ledym ggpenlandicum‘§§nd perhaps for other mire plants
" '

limited to raised nities), 1ﬁﬁ§&he biotic
environment that dipal i, ywines the final di?tribu-
tional pattern of ‘
< -
b o .
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1. INTRODUCTION

\v/ﬁﬁi of the more notable .characteristics of mire
systems is the distinctness of their vegetatlon fqgm that
of the adjacent upland communities. This is especially
true of Sphagnum dominated mires. Major changes of vegeta- .
tion within a small area are indicative of the presence of
a steep environmental gradient (H1ill 1973; McNaughton and
Wolf 1973). Not only are there large differences between
the environmental regimes of mire and non-mire systems, but
there also exist major environmental gradients within most
mires. Consequently, the patterning of mire plants and
plant communitiés is frequently quite‘evident. It is gen-
erally assumed that the more obvious parameters of these
internal gradients (degree of aeration, depth to wacter
level, peat and water chemistry) are the direct determin-
ants of the patterns observed (Sjars 1950; Heinselman 1970;
Jeglum 1971; Moore and Bellamy 1974).

Ledum groenlandicum is a prominent shrub in

Sphagnum dominated mires in North America. It has one of
the most distinctive distributional patterns within a given
mire system, being 1imited to the less wet and more acidic
areas of mires (the raised-peats). It is therefore primari-
1y found in the later stages of mire succession, where

there usually is a considerable development og raised peat

(Bray 1921; Lewis et al. 1928; Moss 1949; Dansereau and

Segadas Vianna 1952).
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Bray (1921) observed that the spread of L. groenlandi--
cum into recently formed raised-peat areas was not rapid,
iespité the facft that the plant grew vigorously in older
raised-peats, eppecially where conifer establishment was
taking place: sereau and Segadas-Vianna (1952) observed
the same pattern and concluded that the dominance of L.
groenlandicum led to the suppression of moss growth in‘such
sites, thus enabling thg successful establishmené of*tfees.

The pi;nt is able to exist under a relatively closed
coniferous canopy, although in reduced numbers (Bray 1921;
La Roi 1967; Jeglum 1972). It is most prominent in
coniferous-ericaceous communities where tree cover is low

and in ddsturbed raised-pgat areas of mires. After a dis-

turbance (fire, logging) L. groenlandicum often becomes the

dominant vascular specles present, particularly in central

canada (Lewis et-al. 1928; Moss 1949; Jeglum et al. 1974).
Other dominant mire shrubs which have similar distri-

butional patterns include Vaccinium vitis-idaeal, V. angus-

tifolium Ait., Kalmia angustifolia L., and Calluna vulgaris

(L) Hull. Shrubs which are often associated with L. groen-

landicum, but which also extend into low-peat areas are

Andromeda polifolia, Betula pumila var. glandulifera,

Chamaedaphne calyculata, Kalmia polifolia, Myrica gale,

1 Unless otherwise indicated, nomenclature for vascular
plants follows Moss (1959), tnat for Spragnum follows
Vitt and Andrus (1977), and for mosses, Crum et al.
(1973).



Vaccinium oxycoccus L. and V. macrocarpon Ait. (Lewis et al.

1928; Moss 1949; Dansereau and Segadas-Vianna-1952;
Gimingham 1960; Sjors 1963; Karlin 1975; Vitt et\ai}\4975;
Vitt aﬁd Slack 1975). .

As I observed patterns of species in.the field, I began
to wonder why L. groenlandicum has such a limited distrlbu-

tion, while others Sg) polifolia and C. calyculata) are

due to different tolerances to high wgfer levels and/or the

more extensive. At first glance it a::fared to be simply
chemistry of the primary water, which generally has a highe® -
pH and greater mineral concentration than that found in
secondary water. ButAthis was an assumption based on only
the readily apparent evidence, and not taking the total
life cycle of the plant into account.

The pattern of L. groenlandicum is determined by the

tolerance limits of one (or a combination) of five stages
in its life cycle: seed production, seed.dispersal, germ-~
ination, seedling establishment, and ‘the mature plant. It
may be that the pattern displayed by the mature plant 1is
not only indicative of its tolerances, but also of those of
an earlier stage of developﬁent. The pattern is thus not
to be explained by a single factor approach, but by a com-
bination of several varidbles impinging on the plant, each
with varying degrees of 1nflhence at different stages in
the plant's 1life cycle (Billings 1952).

The primary objective of this stﬁdy'was to determine

which environmental variables limit the spread of Ledum



groénlandlcum into low-peat communitieg; A secondary ob-

jective was to quantify the diagnostic features of water and
substrate chemistry in two mire systems representing the
relative extremes in mire chemistry present in central

Alberta.



I1. THE PLANT

Ledum groenlandicum is a low (3-10 dm), erect, ever-

green shrub endemic to North America and Greenland (Fig. l).
It is broadly diséributed across tﬁe northern portions of
the cbntinent (Pig. 2). The plant is most commonly found
in areas with acidic and moist organic sutstrates. It is a
prominant component of the alpine tundras of the New England
mountains, of bereal Feather moss-coniferous forests, and on
Sphagnum hummocks in mires. :

The genus Ledum is placed by Stevens (1971) in the
Rhododendroideae subfamily of the Ericaceae, and 1s most

closely rélated to Rhododendron and Mcnziesia. There are

two other species of Ledum, both occurring in North America

(savfle, 1969). Ledum palustre 1s a circumpolar arctlc

species, with L. paulstre ssp. palustre in Eurasia and
L. ustre scp. decumbens (hereafter referred to as L.

palustre) in North America and northeastern Asia. Ledum

glandulosum is primarily found in the Pacific Northwest
region of the ﬁnited States,

An;hesis occurs in late May and early June, as does
initiation of leaf expansion. Aspects of pollination'have
been studied by Lovell and Lovell (1936) and Reader (1975) .
Leaves are fully extended by late June to early July. ©$n
mature{blants the majority of leaves remain for two growing
seasons, being shed in the fall of the second year (Reader

1978). A small fraction ( < 14) are retained for a third
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Ledun gr‘oenland fcum

Figure 1.



ardicun according to
upltén (19£°) and J.~. btacwer (yersoral communi-
cation). Tn© ~ern~ral location of the study sites ¢
is indicated vy the SqQuiree.

FiFure 2. Distribution °f Ledunm ;roenl
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growing éeuson (personal observation). Seed release begins
in late August. The seed 18 very small (2.5 mm by 0.4 mm)
and 1s wind dispersed (Ridley 1930).

Net photosynthetic rates are low. Maximum rates are
gegerally about & mg CO, g'lh‘l (= 4 mg COp dm-2n-1)

(Smith and Hadley 1974; Wilkinson 1977,; Reader 1978. Small
(19723)(:eportedkrates gyice as high, while Hadley and Bliss
(1964) found that maximum rates were only 2 mg COp g-1n-1 in
an alpine environment. Maximum net photosynthetic rates of
ericaceous plants have been found to be between 4 and 12 mg
o, dm=2h=1 (Mooney 1972).

Reader (1978) found that the second season leaves had a
positive pate of net photosynthesis, although it was much
lower than that of first season leaves. His rescarch in-
dicated that the overwintering leaves play a major role in
supporting the growth ard development of new shoots. Under
harsh environmental regimes, however, the photosynthetic
capability of the overwintering leaves may be considerably
reduced (Hadley and Rliss 1964).

The photos&nthetic apparatus of the plant has beén
shown to acclimate with temperature (Table 1) (Smith and
Hadley 1974; Wilkinson 197@). Light (photosynthetically
active radiation: .4 - .7 um) saturation occurs around
800 u Einstein m-2s-1 and light compensation at roughly 20
M Einstein m=2s5-1 (Wilkinson 1972). The atove values
roughly correspond to 47 klx and 1 klx respectively.

The xeromorphic characteristics of the leaves of



Table 1. Optimum temperature for maximum net photosynthetio

rates in four different temperature regimes

(°c).

Temp. Optimum Net ‘
Regime Temp. Photosynthgsls Reference
Day/Night '

30 25 25 4 mg CO, g-ln-l  smith & Hadley 1974
25 15 | 25 4 mg COp g-Yh-1  wWilkinson 1977
15 10 20 4 mg COp g-ln-1 smith & Hadley 1974
15 § to-2‘ 15 1.8 mg CO2 g'lh'l Wilkinson 1977% '

» Plants in the coolest temperature regime were in the
process of goings dormant and were not in the same
phenological stage as the otrer temperatufe regimes.

L. groenlandicum (and those of other mire ericads) have

evoked much interest, especially since hydromorphic adapta-
tions are also present (Sifton 1940; Metcalfe and Chalk
1957). No evidence of summer drought stress was found,

however, for L. Froenlandicum plants growing in several

different habitats, with minimum summer Xylem pressure
potentials being between 10 and -20 bars (Small 1972b;
varchand 1975; Wilkinson 1977; Mayo and Hartgerink, unpub-
lished data). However, vaiues indicating severe water
stress ( < -60 bars) were observed from early Nbvember to
mid-March (Wilkinson 1977). Stomatal resistance on a hot
summer day was only 1.2 s em~! (small 1972b), while it was
> 130 s cm=1 in Marcrh (Wilkinson 1977). 1t would appear

that the xeromorphic characteristics are of adaptative sig-

nificance for severe winter drought conditions (Cates 1914,

-



N e > 1% T A Ay ey S SN R RNy

y 10

Small 1972b; Wilkinson 1977) and/or are a response to low
nutrient levels (Loveless 1962; Beadle 1966; Small 1972a,
1972b),

The mature plant is quite cold hardy, with minimum sur-
vival temperatures ranging from -9°2 in summer to < -40°

in winter (Wilkinson 1977).

2 All temperatures are in Centigrade.



III. THE ENVIRONMENT

A mire is any wetland system in which autochthonus peat
forms the primary su?strnte for the plant species present.
Hinerotroﬁhic mires (fens) are those with substrate sur-
faces QubJect to the direct influence of mineral soil water
(sjors 1963). The chemistry of the water and peats of fen
systems depends largely on the chemical characteristics of
the mineral soll water which flows into them. There is
thus a gradient of fen types, ranging from poor fens (water
pH 4-5, Ca = 2-5 ppm) to rich fens (water pH 7-8, Ca 2 30
ppm) (Gorham 1967; Moore and Bellamy 1974).

Mires in which peat has accumulated to such an extent
that precipitation is the only major source of water are
ombrotrophic mires (bogs). Such mires are acidic, nutrient
poor systems (water pH 3-4.5, Ca < 2 ppm), as mineral inputs
are solely from atmospheric sources (Gorham 1967; Heinselman
1970; Moore and Bellamy 1974).

Raised-peat refers to peat which has accumulated more
than 10 cm above the general water table, with low-peats
being € 10 cm. Two classes of water exist 1in mires with
raised-peat systems. One, primary water, is the general
water table above which the ralsed-peats have formed. Sec-
ondary water is the water elevated above the water‘table
and located in the raised-peats. The direct source of the
secondary water (and also minerals) varies along a continu-
um from being totally generated by precipitation (ombro-

trophic) to being largely supplied by the pqimary water

11
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(minerotrophic). .

Primary water chemistry is one of the best ablotlc indic-

g es for mire classification, in that it is easy to obtain and

less variable than peat chemistry. However, a peatland

classified only on the basis of this parameter could have a
vastly different secondary water chemistry, which might be
more important ecologically. DBecause of this, data on the
chemistry of poth the primary water and secondary water
(and/or peat chemistry) are necessary in order to get a
true picture 9f the mineral nutrient status of a mire.

- The concentration of Ca and the pH level have been
found to be the most diagnostic components of mire water and
peat chemistry (Sjors 1963, Helnselman 19?5; Moore and
Bellamy 1974; Stanek and Jeglum 1977).

The study region 1is located in central Alberta, where

Ledum groenlandicum 1is the dominant shrud in raised-peat

areas and the patterning of the plant is especially evident.
Its robustness indicates that there is no major limitation
by the macro-climatic environment on the growth and distri-
pution of the plant in this area, As a broad spectrum of
mire types occur'there, radically different mire environ-
ments could be utilized without extensive traveling.ﬁ
The mire systems of the portion of the boreal forest

cated on the Interior Plains of central Canada have not

been extensively studled. This area would include central

Saskatchewan and tentral and northwestern Alberta (Rowe

1972). As this area is southwest of the canadian Shield
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and largely unrderlain bx\falcareous bedrock, the mires
present are predominantly }bns and rich fens. This is in
contrast to mire sygtems occurring on the Canadian §hield
(largely poor fens and bogs) where the bedrock is poor in
minerals. )

Moss (1955) gave a general description of the mire Qege-
tation of Alberta and reviewed the pertinent literature up to
that date. Early botanical studies provided qualitative de-
seriptions of the mires of central Alberta as well as obser-
vations on csuccessional dynamics and the impact of various
disturbances (Lewis and Dowding 1926; Lewis et al. 1928);
Both studies reported that retrosressive succession in res-
ponse to upwelling of calcareous spring water appcared to be
taking rlace in soﬁe nmires. After 33 years of observation,
however, it was foubd that such succession was no longer act-
ively occurring (Nogg and Turner 1961). Mire systems of
northwestern AlbertaYWOre found to be quite similar to thoce
in the central portiols of the Frovince (lMoss 1953).

Intencive studies dealing with veretétion-environmental
relationships in mire systems have been done in central
Alberta (Moss 1949; Vitt et al. 197¢; Busby 1976) anrd central
Saskatchewan (Jeglum 1971, 1972, 1973). Reseurch conducted
in the region in related botanical disciplines includes tax-
onomic studi~s on Sphrun (Moss 19495 Vitt and Andrus 1977)

and Tomenthvrnun (Vitt and Hamilton 1%75), and eco-physiolor--

ical studies orn the following prominent mire specles:
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Tomenthypnum nitens and Feather Mosses !Busby 1976), Ledum

groenlandicum (Wilkinson 1977), and Picea mariana (van

Zindern Bakker 1974).

Studies on chemical and physical aspects of peat from
central Alberta mires demonstrate that most peats have high
ca concentrations (Newton 1934; walker 1936). Gardner
(1967) and Christensen and Cook (1970) provide detalled
information on the microbiology and selected physical-
chemical parameters of representative peat types in Alberta.
Although just outside of the study region, a thorough study
on the chemical and physical parameters of the primary
water and peat of several mires in southern Yukon demon-
strated that ombrotrophic mires occur there (Walmsley and
Lavkulich 19755.

Recent studies have classified Canadian wetlands on a
largely physiognomic basis and provide general descriptions
of the types of mire systems prksent and their distribution
(Jeglum et al. 1974; Zoltai et al. 1975; Zoltai and

Tarnocai 1975).

Study Sites

Field reconnaissance of mire systems occurring in
central Alberta was conducted duringz Fall, 1975 and Spring,
1976. Two mires were selected as study sites based on
the following major criteria: (1) that they be in a
natural state; (2) that each contained both the wetter and
dryer extremeg of mire communities; (3) that one be repre-

sentative of mineral rich mires (rich fens) and the other



representative .of mineral poor mires (poor fens to bogs);
and (4) that they be readily accessible. A brief descrip-

tion of the sites is provided below (see also Appendix I).

Heatherdown Fen (EF): This is a rich mixed mire system, with

rich fen low-peats and fen to ombrotroﬁhic raised-peat
*islands" (Fig. 3a). It is located 48 km west of Edmonton
(53 37' N, 114 16' W; 765 m elevation). The system occurs
on a slight slope (northwest aspect) and is fed by calcareous

springs. It is a pattermed mire, having several series of

flarks (pools) oriented at right angles to the slope, in a i

terrace fashion. The level between consecutive flarks
varies from 5 cm to almost 100 cm. The flarks and the more
extensive sedse fens comprise the low-peat communities,
which separate the coniferous-ericaceous dominated raised-

peat islands. 1In the low-peat areas, from 0-10 cm (much

T w ek . L

thicker in some areas) of peat is present and this directly
overlays marl. The raised-peat areas generally have 50 to
100 cm of peat above the marl layer. The mire has been
subjected to fire and light logging within the last 50
years, but has not been greatly disrupted.

The natural upland vegetation is dominated by Populus

tremuloides with an admixture of Populus balsamifera,

Betula papyrifera and Prunus pennsylvanica. Major under-

story species are Corylus rostrata, Amelanchier alnifolia,

Aralia nudicaulis, Mertensia paniculata and Cornus canhaden-

sis. The site 3s in the forest~-transition area between the

[
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(a)

(b)

Study areas, {a) Heatherdown fen (b) Kestow fen:

Figure 3.
Eriophoiua/Sphagrium community typee.
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boreal forest to the north and grassland to the south

(Rowe 1972).

Nestow Fen (NF): This mire system occurs in a stabilized

dune complex located 8 km north of Edmonton (54 14' N,

113 36' W; 633 m elevation). The mires and dunes form an
intricate mosaic. It is a poor mixed mire system, with
ombrotrophic Sphagnum nummocks rising out of graminoid D
dominated po or fens and fens (Fig. 3b). Zonatiomr of mire
community types is quite distinct, with coniferous-
ericaceous dominated raised-peat areas at the outer nargin

of the mires. These grade (inward) into Eriophorum-

Sphagnum dominated raised-peat communities. Low shrub fens
(raised-peat) and sedge £?ns (low-peat) predominate in the
central areas.

The dune vegetation is dominated by Pinus banksiana,

Cladina mitis, C. unciales, Yaccinium vitis~-idaeca and

Arctostaphylos uva-ursi. Less dominant, but quite prominent,

species include Anernone patens, Maianthemum canadense and

Campanula rotundifolia. In the moist transitional areas

between the outer mire margins and the dry upper portions of

the dunes, Populus tremuloides, Vaccinium myrtilloides,

Amelanchier alnifolia and Ledum groenlandicum are dominant.




Vegetation .
' Methods
In order to quantitatively éssess the distributional

pattern of L. groenlandicum, several transectsg (eight at

Heatherdown, two at Nestow) were.established. These were
placed such that each ran through at least one low-peat
community (wet end of gradient) add up into at least ene
raised-peat community (dry end of gradient). Quadrats
(1 m?) were located on alternate sides of a met?§<£;be
every other reter along the transects. Transecg\length
varied in order to adequafely sample the pattern at each
location, with the nqmber'of quadrats for each transect
ranging from 13 to 30. At each quadrat, ground cover esti-
mates were made for vaécular and bryophyte species present
using nine cover classes: +, < 1%; 1, 1-5%; 2, 6-10%; 3,
11-20%; &4, 21-30%; 5, 31-40%; 6, 41-50%; 7, 51-75%; 8, 76-
100%. Depth to water level from the lowest point in the

® quadrat and the surface relief within each quadrat were
also determined.

Community types were subjectively delineated on the
basis 6f vegetation structure and floristic composition. To
obtain a quantitative description of species composition and
structure, one or two 200 m? plots (10 x 20 m) were located
in major community types. Along the central axis of the
plot, ten quadrats (1 m?) were sampled. Species present in
the plot but not sampled in the quadrats were noted and in-

cluded in the data as feing present (< 1% cover).
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Cq@munity composition )

Heatherdown: The sedge fens at Heatherdown are domin-

ated by Scirpus caesplitosus, Carex aquatilis, Triglochin

maritima, Andromeda polifolia and Betula pumila var,

glandulifera (Table 2). Dominant bryophytes include Campy-

lium stellatum, Drepanocladus revolvens and Scorpidium

scirpoides. Tomenthypnum'nitens is prominent in drier areas

transitional to the raised-peat. The raised-peat islands

have Picea mariana and Larix laricina in the overstory, with

Ledum groenlandicum, Vaccinium vitis-idaea, Empetrum herma-

3
phroditum Hagerup and Carex gynocrates being major uvnder-

story species. Dominant mosses here include Sphagnum fus-

cum, Pleurozium schreberi, Hylocomium splendens and

Aulacomnium palustre.

The flarks are of various sizes and depths, although
the majority have <15 cm of standing water. They are

largely devoid of vascular vegetation, with Scirpus validus,

Carex aquatilis, Utricularia intermedia and Scorpidium

scirpioides (includes S. turgescens) being the major plants

encountered there. The flark bottoms are covered by a
thick mat of algae (Léwis\and Dowding 1926).

Similar rich fen areas were studied by Lewis and
Dowding (1926) and Lewis et al. (1928) in the same re.
Sjors (1961b) found that rich fens with marl format:
also océurred in the Hudson Bay Lowlands in easterr (ang

There are many species in common between the rich fen

Heatherdown and those in Europe (Sjors 1963; Bellamy and
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Mean pground cover class (+ to 8, sce Methods) of

rominent spccies in the major community types at
P

Nestowuagg chphqrdognwfens.

Community #

Heatherdown

Low-

Halsed-
peat prat
1 2

Nestow

Hntlsed-pedt
T4

1y

Low-peat
[s]

v

Species
Bryophytes

Scorpidium scorpioides *®
Campylium stellatum
Drepanocladus sp.
Tomenthypnun nitens
Sphagnum warnstorfii
Pleurozium schreberi
Sphagnum fuscum
Hylocomium splendens
Polytrichun strictunm
Aulacomnium palustre
Sphagnum angustifolium
Sphagnum magellanicum
Sphagnum subsecundum

Trees and shrubs

Andromeda polifolia
Empetrum hermaphreditunm
Vacciniun vitis-idaesa
Salix sp.

Betula glandulifera
Ledum groenlandicun
Vaccinium oxycoccus
Larix la:icina

Picea mariana

Herbs

Scirpus caespitosus
Pingicula vulgaris
Seirpus validus

Viola nephropntla y
Dodecatheon radicatum
Tofeldia glutinosa
Muhlendbergia slomerata
Rubus acaullis

Juncus balticus
Triglochin maritima * #
calivm boreale
Ceocaulon lividum
Drosera rotundifolidi
Carex gynocratesd

Carex aquatiils
Smilacina trifnlia
Calamagrostis canadensis
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Rubus chamaemorus
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Carex rostrata
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Reilly 1967; Moore and Bellamy 1974) It is interesting to

note the presence of Scirpus caespitosus in rich fens in

central Alberta, as it is characteristic of poor fens and
bogs in eastern North America and Europe (Sjars 1963;

Moore and Bellamy 1974).

Nestow: The graminoid fens at Nestow are characterized

by Carex lasiocarpa, Carex rostrata, Calamagrostis canaden-

sis and Fquisetum fluviatile. In the fen areas, Drepano-

cladus spp. and Aulacomnium palustre are the dominant

mosses, while Sphagnum subsecundum and S. angustifolium

are dominant in the poor. fens. The low shrub fen is a

raised peat area with Betula pumila var, glandulifera,t

Andromeda polifolia, Salix spp. Vaccinium oxycoccus, Carex

lasiocarpa, Aulacomnium palustre, and Sphagnum spp. being

prevalent. The Eriophorum-Sphagnum type is a Sphagnum

hummock system, with Eriophorum vaginatum ssp. spissum,

Smilacina trifolia, Andromeda polifolia, Vaceinium oxycoc-

cus, S. magellanicum and S. angustifolium being dominant. .

A1
This grades into a coniferous-ericgceous mire, character-

ised by Picea mariana, Ledum groenlandicum, Vaccinium vitis-

idaea, Rubus chamaemorus, Sphagnum angustifolium, S. magel-

lanicum and Polytrichum strictum.

Lewis et al. (1928) and Moss (1949) studied similar
mire systems in the !lestow area. The mires of this area

are similar in composition and structure to those in other
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areas of North America (Sjors 1963; Jeglum 1972; Karlin ‘ih‘."“
1975; Vitt and Slack 1975).

Commun1%¥fstructure

Information on community structure and diversity is
listed in Table 3. Diversity 1is measured as species rich-
ness (r) and the Shannon index (H') (Peet 1974). Although
H' is similar in low-peat and raiséd-peat communities at
Heatherdown, species richness is much higher in the low-peat
areas;' This indicates that the raised-peat communities have
a more equitable distribution of species importance,

The rich mixed mire system at Heatherdown has a greater
richness and H' than the poor mixed mire system at Nestow.
This is largely dge to the low number of vascular species
present at the latter site, In both systems, woody cover

increased from wetter to drier sites, with monocot cover

decreasing along the same gradient.

Climate
Methods

The macroclimate of c¢entral Alberta is characterised
by long, cold winters with moderate snow fall, and cool
summers with a frost-free period of 80-100 days. !Mean
monthly temperatures rance from -14° to --17O in January and
16° to 17° in July. Mean arnual precipitation ranges from
460-510 mm, of which 303 is received as snow. Mean potent-

fial evapotranspiration ranges from 508-559 mm, exceeding
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precipitation (Longley 1972). "

Alr temperature and ﬁumldlty were recorded at Heather-
down with a BRelfort Hygrothermograph during June to October,
1976 and May to October, 1977. The hygrothermograph was
placed in a white-painted, louvered shelter, and the shelter
was placed on the moss canopy surface in a low-peat com-
munity. The temperature was checked weekly in the field
against a mercury-in-glass thermom%yer, while humidity was
checked every two to three weeks with a sling psychrometer.
Precipitation data were obtained from the Stony Plain
meteorological station (537 33' N, 114° 06" W; 767 m eleva-

tion), located 5 km southeast of Heatherdown. ®

Results

Meteorolégical data recorded at the Stony Plain weather
station by Environment Canada are summarized in Pig. 4 (12
year mean). pata from the Rochester weather station 18.6
«m northeast of Nestow (54° 27' N, 1137 32' W; 655 m eleva-
tion) indicate that the macroclimate characteristics at
Nestow were approximately the same as those at Heatherdown,
being only slightly cooler (Table 4 and Table 9)e

The weather of the year preceeding the study (1975)
and during the study period (1976-1977) closely corresponded
to the twelve year mean at Stony Plain. Major climate dif-
ferences occurring from 1975 to 1977 were a much higher
than averarse precipitation in 1975 (Table 5) and an early
snow melt in 1977, which led to a high mortality of the

exposed overwintering leaves of L. groenlandicum.
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STONY PLAIN, ALBERTA (776 m) 26 C 302 mm

() iy
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Fipure 4, Climate dirrram for stony Flain, Alperta, after
Waltgr (1071). Mean annual temperature 2.6° C;
tatal annual rrecipitition 502 mn; years of ob-
servation 1z; wprer line 1s monthly precipitation;
lower line is mean monthly temperature; solid bar
s months with mean minimum temrerature < 9" Ch
diaronally hatched ©'r is months Wwith absolute
minimum temperature < ~N°c,  Temperatures on left
(in ascendins order): Aabsolute minimum, mean

' mirimum cecldest month, mean maximum warmest
month, absolute maximum.



Table 4, Mean monthly (May-September) temperatures for
1975-1977 at Heatherdown, Stony Plain and
Rochester (°¢C).

Station May Jun Jul Aug Sept
l966-l9?7(mead
Stony Plain 10.5 14,5 16.0 15,5 10.5
1975
Stony Plain 9.4 13.9 18.3 13.3 11.7
Rochester 8.9  12.8  17.2  12.2 . 10.6
1976
Heatherdown 2.0 14,5 15.4 10.0
Stony Plain 11.7 12.8 16.7 16.7 12.8
Rochester 10.0 11.7 15,0 16,1 11.1
1977
Heatherdown 15.C 15,4 13,4 10.1
Stony Plain 11.0 15.2 14,8 13,0 9.6

Table 5. Annual and Nay-September precipitation for 1975«
1977 at Stony FPlain and Rochester (mnm).

Station Mav Jun Jul Aug Sept Anrual

196€6-1977 (mean)

Stony Plain 46 97 84 82 34 502
1975

Stony Plain 55 152 58 166 8 602

Rochester 51 119 99 1173 23 569
1976

Stony Plain 33 117 87 88 27 500

Rochester 29 7 74 125 43 514
1977

Stony Plain 167 40 45 100 45 500
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Mean monthly air temperature at Heatherdown was closely
correlated to that at Stony Plain (Table 4), The site had
a freater ranre of temperature, however, with maximnum sqy—
mer temperature being about 2-3” higher and minimum summer
temperature being about 4_5° lower. lany mire systems
occur in arcas of cold air drainape and thus tend to be
cooler than the surrounding landccaves (Norgaard 1951,
Geirer 1966; Joyal 1972). At Featherdown, > 70% (1976 and
1977) of tre minimum daily tempveratures (for June, July and
Aurust) were < 10° , with > 300 (1976 and 1977) being <
Frosts occurreld in Juns for bvoth years and in all three
moriths durines 1677 (Tnble <), In contract, only 45% and

4

IR

of the minimum daily temperatures at Stony FPlain were
(6]

& N - . . .
<10 and < 5 respectively durirng the same time period 1n

1976.

Water Regfine
Methods

Staff raures and PVC Q;tor wells were utilized in the
determinition of water level fluctuations. water levels
were recorded on o weekly basis at Heatnerdown from
June throurh Cctober, 1976¢. Water levels were recorded
from May throurh Cctober, 1977 at - therdown and I'estow,
on a weekly buisis ot the former and on a less frequent
schedule for the latter.

Samples of prirary water were collected several times

throurhout the 1974 and 1977 field scasonc at Heatherdown
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Table 6. MNumber of days with minimum temperatures < 100,

< 5° and < 0°C Heatherdown (HF) and

Stony Plain (SP rins June to September, 1976.

Data for 1977 at Heatherdown are in parentheses.

<10°¢ < 5° < 0°¢
Month
HF SP HF SP HF SP

June 26 (24) 28 14(14) 4 3(1) 0
July 28(20) 6 12( 6) 0 0(1) 0
August 19(27) 7 6(14) 0 0(3) 0
September  30(30) 25 25(16) 3 13(7) 0
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and Nestow. They were analyzed for pH either in the field or
in the laboratory (within 4 h of sampling) with a Metrohm E
280A portable pH meter. Samples were frozen and later anal-
yzed for Ca and Mg by an atomic absorption spectrophotometer
(Appendix II). 1In September, 1977, water samples were ob-
tained from Heatherdown and Nestow analyzed (Appendix II) for
a broad range of chemical parameters using techniques pre-

scribed in Standard Methods (Anonymous 1971).

Results

Water level dynamics at Heatherdown were complex, with
portions of the peatland having somewhat ihdependent water
level fluctuations (Fig. 5). This was probably due to
the presence of a slight slope and differences of hydraulic
conductivities in the substrates (Rycroft et al. 1975,
Boelter and Verry 1976). Water level fluctuations in the
raised peat islands were more extr‘ew‘han those of the
meadows. This could be capsed by the increased transpira-
tional loss of water from trees and the increased absorp-
tion of water by the larger amount of peat present above
water level. Maximum drawdown in meadow sites ranged from
7 to 25.5 cm during the two year study period, while in
the raised-peat islands it ranged from 16.5 to 31.5 cm.

The water regime at Nestow was more straightforward.
The mires here were developed in depressional areas between
thq dunes, and water level cranges were quite similar

throughout the areas studied. Maximum drawdown for the
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1977 season was 17 cm. Similar drawdown levels were found
in the low-peat and raised-peat communities.

All of the communities sampled had microsites which
were not inundated by primary waters, even at ma%:mum
water levels (Table 7 and rig. 6). The low-peat communities
at both study sites had moss nummocks > 10 cm above maximum
primary water jevels. In terms of water level, such loca-

tiong should theoretically be suitable for the establishment

and survival of L. groenlandicum. But the plant is rarely

found in the low-peat communities and is often largely
absent from "young" raised-peat communities (Fig. €).

The chemical cﬁaracteristics of the §rimary water at
Heatherdown would place it in a rich fen category (Table 8).
As the raised-peat chemistry indicates that fen to ombro-
trophic situations are also present (Table 12, page 21), thc
whole system is best considered as a tich mixed mire.

Wwater pH was fairly stable at each sampling location
during the field season. Concentrations af Ca and Mg
varied considerabiy, although seasonal changes in water
chemistry were not evident. At one location the calcium
concentrations were usually around 40 ppm, but were observed
to be as high as 94 ppm. All of the prirmary water calcium
concentrations determined at Heatherdown were > 138 ppm.

In terms of calcium and magnesium, the primary waters
of the Nestow mire system are minerally impoverished
(Table 8). This system is a poor mixed mire, having fen

to poor fen primary waters and ombrotrophic raised-peats.
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Fluctuations of water pH during the growing season were
glight at a glven location. Calcium and magnesium concen-
trations varied both across time and space, but not enongh
data were collected to establish if any seasonal trends
existed. While Heatherdown's primary water was richer in
calclium, magnesium and sulfates, that at Nestow had higher
levels of nitrates, phosphates, iron and ohloride.

The primary water chemispry of both Heatherdown and
Nestow fens is representative of the poor fen and ricn fen
systems in the study region (Table 9). Tne entire range
of primary water chemistry is found in the region, rangcing

from bog to rich fen systems. Based solely on primary

water chemistry, fens and rich fens predominate.

Substrate Chemical and Physical Parameters
Methods

Substrate bulk density and moisture content (upper 5 <m)
were determined pravimetrically at several points during the
1976 and 1977 field ,seasons at Heatherdown. A metal cyl-
inder (5 cm deep, area = 18 cm”) was rushed (or persuaded)
into the peat and a core was extracted. This was placed in
a soll tin which was then put in a plastic bag, The peat
was weighed within 3 h of sampling and then dried at 105
for 24 h and reweighed.

Volumetric samples (area = 100 cm<) of the top 20 to
30 cm of major substrate types were collected in the fall of

1976 at Heatherdown and in June of 1977 at Nestow. The
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samples were divided into 0-5, 5-10, 10-20 and 26:;6 cm
fractions. The pH was determined on the fresh peat by the
glass dlectrode method, with slight additions of distilled
water when necessary. Samples were frozen until there was
time to dry and rub them through a 4 mm sieve. Exchangeable
metallic cations (Ca and Mg) were determined on an atomic
absorption spectrophotometer following extraction from 5 g

samples with 1 N ammonium acetate (Chapman 1965).

Results
Bulk density of the major substrate types at Heather-
down was quite variable (Table 10). Sphagnum substrates
nad the lowest values, although their density was compar-
able to that of the Feather mosses arld the lighter of the

Tomenthypnum substrates. The higher bulk densitiles of

Campylium and Tomenthypnum were in part due to the presence

of marl within the top 5 cm of substrate. All of the bulk
densities were considerably jower than those characteristic
of mineral soils ( 21 g cm=3).

In terms of water content on a dry weight basis, the
Feather mosses were the driest and Sphagnum the wettest.
But this index of moisture is misleading when dealing with
substrates with large differences in bulk density. A more
meaningful index based on volume demonstrates that although
the FPeather mosSses retain the dry spot, the low-peats

(Tomenthypnum and Campxlium) contain the most water.

Moisture content of Sphagnum and Tomenthypnum overlapped
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considerably, The runge of water content in the substrates
indicates that water potentials were all >-,33 bar. The
Feather moss substrates were an exception, having several
samples with a water content corresponding to < <15 bars
(Walmsley and Lavkulich 1975; Boelter and Verry 1976;
Busby 1976).

The chemical characteristics of the major substrate
types are summarized in Tables 11 and l2. Althougnsno
ma jor difference is found bétween the low-peat and ralsed-

peat substrates at tow, a sharp gradient exists at

Heatherd . The m concentration (volumetric) of

calcium in the top of the low-peat substrate (C.
stellatum) is 34 times greater than the minimum and 10 times
gre;ter than the maximum value for calcium in Sphagnum
substrates (Table 11). }his gradient often occurs within
an area as small as 30 cm horizontally and 40 cm vertically.
It is generated by the upward growth of S. fuscum (and T.
nitens to a minor extent). The peat that accumulates tends
to isolate the upper substrate layers from primary water
influence. The degree of isolation (ombrotrophy) depends
on: *

1. the amount of precipitation;

2. the evapo-transpiration: precipitation ratio;

3. how high ;he peat accumulates above the primary

water level and the type of peat being produced;

L. the extent of primary water level fluctuation;

5. the chemistry of the primary water.
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Table 12. Exchangeable calcium and magnesium concentrations
in Heatherdown and Nestow substrates on a
dry weight basis (meq 100 g-1),
Depth
Substrate (cm) {n) Calcium Masnesium
Heatherdown

Feather mosses 0- 5§ 3 21.05- 36.25 3.49- 5.53

10-20 1 1u.;3 6.07
Sphagnum fuscum 0- 5 6 9.35- 33.01 5.79-29.51
5-10 6 9.23- 45,23 5.37=32.79
20-30 4 35,93~ 99.49 20,08=27.05
Tomenthypnuwn nitens 0- 5 3 48,.35- 83.86 6.45-22.95
16-20 3 96.,65-129.,60 15.68-23,77
Campylium stellatum 0- 5 3 79.60-119,38 9,04-20,90
5-10 3 88.,13-106.86 5.33=22,%4%
10-20 3 41,82- 71,93 2.87-18.44

Nestow

Sphagnum 0- 5 4 10.3%4- 15,15 5.25- 8.93
5-10 4 L, h2- 14,84 3,81~ 7,02
10-20 4 4,81~ 10.£9 3.00- 8,58
S ha num O— 5 2 13031— 1“‘.83 5057"' 5.70
Aulacannium 5-10 2 14,53« 13.55  9421- c.08
10-20 2 14,87- 14,98 3.98- L.31
Carex/ 0-10 2 17.93- 19.09 9.22-11.27

Drepanocladus
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Because of the interactions of the above variables,
the chemistry of ombrotrophic peats formed in different
environments will vary, but less so than the chemical para-
meters of minerotrophic peats. In general, the exchangeable
ca content of ombrotrophic peats 1is < 13 meq/100 g, with
a pH range of 3.0-4.5 (Sjérs 1961a, Bellamy and Relley
1976; Mornsjo 1968; Karlin 1975; Pakarinen and Tolonen
1977). Profiles of three ombrotrophic peats formed under

different egﬂironnental regimes are given in Table 13.

A ma] diagnostic feature of ombrotrophic peats 1is a
discorftinuity in mineral composition in the peat profile
(Taqﬁe 13). Mineral content is high in the lower portions
of é&g profile, wnich are in contact with the primary water.
Above\¥his zone the mineral content decreases until reaching
a minimgm value at a variable distance from the peat sur-
face.«/%incral content increases again in the surface

layers of the peat, especially in the upper 5-10 cm (sjors
1961a, kellamy and Reily 1967).

This increase in the surface layers#has been attributed
to nutrient retention and cycling abilities of the plants
(Bellamy and Reilly, 1967). Other researchers hypothesize
that it 1sddue to increased atmospheric input of nutrients
due to man's activities (Mattson and Koutler-Anderson,
195u;g533rs 1961a). VThe'growth rates of the mosses (Bellamy
and Re&iey 1967 ; Clymo 19773) and the sharp break in chem-

i’stry near the peat surface suggest that the former theory

is correct. There are probably greater atmospheric inputs

- v
£
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of nutrients into mire syqtems because of man's recent
activities, but these 1néréases are not primarily res-
ponsible for the high concentrations of Ca and Mg in ombro-
trophic peat surfaces,

The chemistry of minerotrophic peats is far more varia-
ble than ombrotrophic peats. Rough ramges would be: poor
fen peat (Ca = 8 - 41 meq/100 g, pH 4.0-5.3), fen peat
(Ca = 34-64 meq/100 g, pH 4.7-6.5) and rich fen peats
‘~(Ca21 65 meq/100 g, pH 6.5-8.0) (Malmer and Sjors 1955;
Sjors 1961n, Mornsjo 1968). There is a broad overlap between
most of the types, and consequently data on peat profile
chemistry and nutrient status of the primary and/or second-

ary water is needed in order to classify the peat.
Only some of the Srhagrnum railsed-peats (primarily the

upper 20 cm) at Heatherdown are ombrotrophic. Most of the
raised-peats the;e are minerotrophic (poor fen to fen peats).
The large variation in chemistry ;s due to differences in
height above the primary water, extent of water ldvel fluc-
tuation, and size (in area) of the raised-peat system. The
Feather mosses tend to be richer (poor fen to fenj, which is
surprising as they are larpgely dependent on atmospheric
nutrient input (Tamm 1953; Busby 1976). The T. nitens and
C., stellatum peats were all fen to rich fen peats.

At Nestow, small variability in peat chemistry is found.
The peats ran:;e from ombrotrophic to poor fen in chemistry,

with the raised-peat being ombrotrophic and the other peats
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being typical of poor fen peat. It is interesting to note
that the upper 5 cm of Sphagnum at Nestow is similar in
nutrient content to ombrotrophic Sphagnum peats at Heather-
down (Table 13).

Looking at peat chemistry from a volumetric point of
view (Table 1) , a slightly different picture emerges. The
chemistry of the Sphagnum, reather moss and T. nitens (top
10 cm) substrates overlap to a greater extent. The gulf

between the raised-peats (Sphagnum, Feather mosses and some

Tomenthypnum) and the rich fen peats (T. nitens, C. stel-

Jatum and Drepanocladus) is greatly widened. The Sphagmum

basal peats, which have comparable maximum calcium concen-
trations to rich fen peats on a ary welght basis have almost
one tenth as much calcium on a volumetric basis.

Another interesting aspect is the high concentration of
Mg in Heatherdown minerotrophic 3. fuscum pcatc. This
indicates either a preferential adsorption and retention of
magnesium by Sphagnum, Or the influence of leaching by rain,
which tends to lower the Ca:Mg ratio in peat (Morns jo 1968).
The maximum Mg concentration (volumetric) in the top 5 cm
of Sphagnun peat 1is 2594 of the maximum in C. stellatum
(top 5 cm), while the maximum Ca concentration is only 3%
of that in the C. stellatum peat.

The chemical composition (total) of marl from two rich
fens similar to Heatherdown fen 1is presented in Table 14,

The major components are CaCO3 and organic matter.
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Table 14. Chemical composition (total) of marl substrates
from two rich fens in central Alberta., Taken
from Lewis et al, (1928). Values are percent
dry weight.

Mire 1 Mire 2
Organic Matter 30,6 18.9 .
MgCO3 .1 A
Siliéa L,s A
Iron oxide ! .0
and aluminum

Substrate Temperature
Methods

Substrate temperatuyre at Heatherdown was measured at
1 h intervals with a Grant Recorder and thermister probes
during selected periods of the 1976 and 1977 field seasons,
The probes were situated at a depth of -3 cm, with two in

railsed peat substrates (Sphagnum fuscum hummocks, north and

south\espects) and two in low-peat substrates (Tomenthypnum
and Campylium). In late August, 1976, the probes were
placed at -2 and -10 cm positions in a Sphagnum hummock

(north exposure) and Campylium substrates.

Characteristic trends in daily maximum and minimum
temperatures for the three substrates are shown in Fig. 7
and Table 15, The Campylium -substrate experienced the
least fluctuation in temperature, primarily because of its

higher water content. The Sphagnum and Tomenthypnum sub-
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Table 15. Mean (* SD) daily maximum and minimum air (10 cm)
and substrate temperatures (-3 cm) during the

1976 field season.

Temperatures are in °C.

June 9-21

July 16-30

Aur. 25-Sept, 13

Alr . 22.6%2.4 (3.7%3.3)

Campylium 17.031.7 (9.2%1.8)
Tomenthyonum 23.3%2,9 (8.4%2.6)

e e e .

Sphagnum (N)* 19.7%2.8 (4.9%2.6)
Sphagnum (S)* 22.3%3.6 (5.8%3.2)

23.0t4,5 ( 5.9%2.8)
17.6%2.,9 (12.2%2.2)
22.8%W.,7 (11.7%2.4)
19.5%4,1 ( 8.2%2.6)

18.0%5.1 (3.1%2.9)
12,1%2.8 (7.4%2.5)

16,94,.9 (2.6%2.6)

# N = north aspect; S = south aspect‘



L8

TEMPERATURE (°C)

T T T T T

20 25 30
T1ME (DAYS)

TEMPERATURE(C)
~
N
T
o

'L__‘r’__—r‘j——WMT-'_'T i S | ’—_T—'—_'_T—‘—'T—_—_ﬁ

20 25 30
TIME (DAYS)

Figure 7. Maximum (a) and minimum (D) substrate tempera-
tures at =3 cm <eplh during July 19-30, 10476,
(O = Teneonthyrnng a = Spraonum; O = Camryliun;
O = air temperature; H = Srreacnun (O cm)
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strates had si%ilar'ranges of temperature variation, with
southern exposures experiencing thé’most extreme fluctua-
tions. Maximum substrate temperatures of Sphagmum at -3 cm
were generally hiéher than those of Campylium and those of
Tomenthypnum. Minimum temperatures in the Sphasnum hummocks
were lower than the low-peat substrates. The higher mini-
mun temperatures of the low-peat substrates were due to
their'proximity to the primary water and its heat buffering
influence., T .

Data on temperature profiles in representative raised-
peat (Sphagnum) and low-peat (Campylium) substrates is pro-
vided in Fir. 8. The raised-peat profile was subject to
greater temperature extremes than the low-peat profile.

In spite of having higher maximum temperatures, the Sphagnun
substrates froze earlier in the fall than did the low-peat
substrates.

Substrate temperature tracked air temperature fairly
closely. However, variation in temperature at -2 cm, -3 cm
and -10 cm was less than‘the variation in air temperature
for all substrates monitered. Surface temperatures of un-
shaded moss substrates usually have much higher temperature
variations than the air, with elevated maximum and depressed
minimum temperatures (lorgaard 1951; Busby 1976). Daily
minimum surface temperatures on a Sphagnum hummock in late

July, 1976 were substantially lower than the corresponding

minimum air temperatures (Fig. 7).
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Figure 8. Maximum (a) and minimum (b) substrate tempera-
tures at -2 cm and -10 cm depths during Aug. 30-
Sept 13, 1976. (O = -2 cm Sphagrum; O = -10 cm
Sphapnum; & = =2 Cm Campylium; £ = -10 cm Campy-
lium; U = air tempe}‘aturej




IV. THE MATURE PLANT

Transplants Into Low-Peat v
Methods
In order to establish whether mature plants of L.

groenlandicum could tolerate the environmental regime of

the low-peat communities at Heatherdown, transplantings
were made several times throughout the study. On June 6,
1976, 5 clumps of mature plants were transplanted from
raised-peat communities to each of two low-peat locations
(site 1 and site 2). An additioral 5 transplants were made
within the raised-peat system sO that tv- -nact of trans-
plantation could be determined. Plants .:ti. intact root
systems were transplanted. The clumps were placed such
tpat their rooting systems experienced a nydrological re’ -~ S,
gime similar to that of the adjacent naturally occurring
low-peat plants. A third low-peat transplant location
(site 3) was established at a wetter site than either site
1 or 2 in fall, 1976 (&4 clumps) .

Observations on survival and vigor were made during
the 1976 field season. In August, 1977, length of the ten
longest leaves and stems produced that season was determined
for each transplant clump and an equal number of undisturbed
(control) clumps. These data were ccmpared with an analysis
of variance and Duncan's New Multiple Range Test to deter-
mine whether significant dif ferences occurred between the

three treatments (Steel and Torrie 1960; Sokal and Rohlf
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1969). The level of significance used for this study is
x = ,05. e

A possibllity existed that the peat transplanted along
with the original transplants might be buffering their
rooting systems from the chemigtry of the wet meadow peat
and primary water. Because of this, 22 rooted L. groen-
landicum twlgs were taken from greenhouse sand cultures and
planted in two locations in the wet meadow in June, 1977
(11 at each site). All sand was washed from the roots so
that they were in direct contact with the meadow peat.
Survival and vigor of these plants was observed through
June, 1978.

In order to help separate the influence of water

chemistry and water level on the plants, transplants from

raised-peat to low-peat at the Nestow mire were ma@e in

Py
i

May, 1977. A total of 10 clumps of mature plants were .. %'g#'
’ s kS ’

transplanted to the meadow, while another 5,were“tra§s- o

planted witnin the raised-peat system as controls. “Data ' .:$

on survival and vigor were obtained through'June,me?B}

Results S

A1l of the June, 1976 transplants at Heegx_erdown sur-
vived three growing seasons. The foliage apbegred heaal thy
and many of the plants flowered and produ§§&7§}able seed.
In general, the phenology of the low—peatééféﬁﬁplants was
the same as that of the undisturbed plankélﬁlaesults of
the August, 1977 measurements of current oéagkgnd leaf

R .

i
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lengths indicate that thgjtransplantatlon had a more seri-
&

ous impact on the plants than did the low-peat environment
(Tables 16 and 17).

Table 16. Relationships of stem length in transplanted
and control (non-disturbed) plants.

F =19,92 (p <.001)

Stem length (Mean)

Treatment RPT* LPT Control

Length (mm) 21l.1 22.5 29.4
Non-significant
ranges ( « = ,05)

-

# RPT = raised-peat transplants; LPT = low-peat transplants

‘,\: 'y

Table 17. Relationships of leaf length in transplanted
and control (non-disturbed) plants.

P = 53.14 (p <.001)

Leaf l:iggh (Mean)
N
PT# h

Treatment L RPT Control

Length (mm) 20,3 22.0 27.5
Non-significant
ranges ( « = ,05)

# LPT = low-peat transplants; RPT = raised-peat transplants
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Data on site 3 transplants were not included in the
statistical analyses. These had been transplanted in the
fall and were thus not given a chance to establish a new
rooting system, and were more vulnerable to the winter
environment. As noted earlier, there was a lack of snow
cover during the latter part of the 1976-1977 winter. Most
of the leaves as well as many of the upper buds of the site
3 transplants did not survive to spring, 1977. Consequently,
it was not possible to distinguish between the effects of
late transplantation, the severe winter stress, and the low-
peat environment on subsequent survival and gr&ﬁth. However,
the overriding impact appeared to be the lack of snow cover
in late winter. 1In spite of that stress, all of the site 3
transplants survived the 1977 and 1978 growing seasons.

By the end of the first growing season, 12 of the 22
rooted twigs planted appeared to be alive, 3 + alive, 5 dead
and 2 missing. In July, 1978, 8 plants (40% of 20) were
alive, and 11 were dead. As the 8 surviving plants appeared
very healthy, the death of the other plants was probably due
more to the impact of transplantation than to the water and
nutrient regimes of the Heatherdown 1ow peat.

All of the Nestow transplants survived the 1977*and
1978 field seasons, and appeared quite healthy throughout

_the entire period (Pig. 9 ).
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Figure 9.

Clump of transplanted Ledum proenlandicum in
Nesftow lou-peat envirconmerit. Frlciure ia«en in
fall, 1977, after the transplants nai oeen
there for one giowing-season.

i




Adventitious Root Formation
Meth ﬂ;
In order to determine whethersthe vegetative spread of

L. groenlandicum was restricted from the low-peat areas

because of inhibition of adventitious root formation, the
following experiment was carr%ed out. On June 1, 1977, when

the leaf buds were starting to expand, L. groenlandicum

twigs‘which had active growing.points and healthy leaves
present from the 1976 growing season were collected. The
twigs were cut such that at least 5 cm of stem would extend
into the peat. The twigs were placed 1n’four major sube

strate types: 110 twigs in each of Sphagnum, Tomenthypnum

and Campylium-Drepanocladus and 86 twigs in Feather mosses.

These were observed for survivorship and rooting in early

July and mid-September, 1977 and in June, 1978.

Pesults
The unrooted twigs hadﬁ? high mortality rate in all‘of
the substrate types in which they were placed (Table 18).
By the end of the 1977 field seaJ’R, those placed in low-
peats had thé highest survival rates. Those in Tomenthyp-

num, Sphagnum and Feather Moss had survival rates decreasing

in that order. All of the twigs in the Feather mosses died
within a month of placement. This was probably due to the
much lower moisture_gontent of Feather moss substrates (see

p. 38).
The survival rate had greatly changed by June, 1978.
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Table 18. Survival of cut_twigs 1in the adventitibus root
formation exgerlment after one growlng season.

-
' Substrate
Fm St Tn cs”
Observed 1live 0 7 16 34
Expected 1live 12 15 15 15
Chi-square=39.94 (p < .005)
Percent survival
Sept., 1977 0 6 15 31
June, 1978 o) 5 0 1

* Fm

= Peather moss; Sf = S. fuscum; Tn= T. nitens;
Cs = C. stellatum.

Most of the twigs in the C. stellatum - D. revolvens and

T. nitens substrafes did not survive the winter environment.
All 5 plants which survived in the S. fuscum hummocks ap-
peared healthy, as did the one 1in tﬁe-low-peat moss mat.
There were also 6 plants + alive in the Campylium -

Drepanocladus mats and 1 t alive in the Tomenthypnum mats.

The initial higher survival rates in the low-peat sul-
strates may have been due to the abundance of water there.
Although adventitious roots had formed on all living twigs
checked in the S. fuscum and T. nitens substrates (in Sep-
tember, 1977), many of those obsegved in the wet meadow sub-
strates had rot formed any deégctable roots. That the low-

peat plants were not healthy is indicated by the fact that

o st ke <
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the stems and leaves produced that growing season fell off
easily when touched in late September, 1977. The ready
availability of water in the wet meadow substrates may have
enabled a high number of twigs to leaf out successfully and
then gradually die during the rest of the growing season.
Twigs which were in the other substrates did not have their
stems immersed directly in water saturated substrates and
most likely died quickly due to high water stress. There is
also th; more extreme range of daily temperatures experienced
in the raised-peat substrates than in the low-peat sub-
strates, which would mean that the low-peat twigs were sub-

jécted ﬁa less temperature stress as well.,

Lab Experiments With Water Level and Chemistry
Methods
Two experiments were carried out to study the influence
of water levels and chemistry on the mature plant under more
controlled conditions. 1In Octoter, 1976, several clumpk of

mature L. groenlandicum were obtained from the field and put

in.a growth chamber (Environmental Growth Chamber Co., Model
M-15) at -40. The substrate-root systems of the plants were
left int;ct. They were removed from that temperature regime
in December, 1976 and placed in a controlled environment

(Trop-Arctic)ﬁgreenhouse Wwith a cool temperature regime (17°
day/8° night) until bud break (May, 1977). On May 13, 1977,
5 plants were placed in each of the following water level

regimes: wet (0 cm, constant); wet-moist (O cm for 3 days,
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-5 cm for 4 days); moist (-5 cm, constant); and dry (-10 cm,
constant). The plants were grown through the equivalent of
2 (25° day/15° night field seasons with a fall-wihter-Spring
season from August 4 to November 17. The experiment was
terminated on February 9, 1978 (a total of 277 days). At
this time, the number of leaves produced in the second sea-
son was compared with the number produced in the»first by

analysis of variance,

The second experiment dealt with water chemistry.
Based on data obtained from the field and the literature,

four trient culture solutions were made:

Solution 1) pH 3, Ca = 100 ppm
Solution 2) ¢ PH 3, Ca = 4 ppm
Solution 3) pH 7.5, Ca = 100 ppm
Solution 4) ©pH 7.5, Ca = 4 ppm

The other minerais were present at half the concentrations
of that in Hoagland's solution. Rooted twigs of L. groen-
landicum of approximately the same size were placed in the
solutioﬂs (5 to -each treatment). Nutrient solutions were

replaced bi-weekly from June 21 to August 26, and then at

monthly intervals until October 30, 1977.

This experiment was carried out in a growth chamber
reguiated to have a similar temperature regime as that at
Heatherdown in 3&1y (25"day/8O night). Unfortunatelﬂ@*ﬁ
iron was omitted from the solutions during the course of

the experiment and therefole the experiment was not
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successfully completed.

Results
II"\ . )

It&ﬁ)e greenhouse water level experiment, all of the
plants survived the first growing season, with all plants
in the dry, moist and wet/moist regimes surviving to the
end of the experiment. Three (of five) plants in the wet:
regime did not survive the dormant period. Leaf production

growing segson when compared with the first (Table 19).

in all tre;iments was considerably lower in the second
This was iq part due to the higher number of flower buds
present in the second growing season, which usually inhibit A
leaf production at those stem aplces for that season. |

The wet regime plants were the most severely affected.
Only a few stunted leaves were produced during the second
growing season by the two surviving plants. One flower bud
started to expand, but never developed fully. Root develop-
ment was not extensive and limited to the moss mat (0 to
-2 cm). Both the wet and wet/moist‘rqgimes deve%oped a
moss mat on the substrate surface because of the high water
levels., The moss mat in the wet regime was about 2 cm thick,
while in the wet/moist it was about 1 cm thick.

The plants in the other three regimes produced normal

flowers arnd leaves. The percent change in leaf production

was not sigpificanb;bﬁdifferent among them (Table 19).

There was greater rgdt development in these three regime

a s
than in the wet regime. Roots in the wet/moist regime ‘Wi
w:
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Table 19. Relationship of cond season leaf production
to the first sed@®n's in the mature L. groen-
landicum water level experiment.

F = 4.86 (p = .014)

Percent changes (Mean)

water regime Dry Moist Molst/wet Wet
Percent Change- -47.1 -67.3 74,7 -99.8
Non-significant

ranges (<= .05)

were concentrated in the upper 2 cm, being especially
plentiful in the moss mat at the substrate surface. The
moist and dry regime plants had extensive root development
throughout the substrate down to the respective water
levels (-5 cm and -10 cm).

As the plants appeared to be healthy at the end of
their first season, the mortality of the wet regime L.

groenlandicum may not be solely due to the high water level.

Ice formation during the winter cycle caused much soil
neaving in the wet and wet/moist regimes. it may be that
extensive root damage from frost heave coupled with a
continually saturated soil led to the death of the plants.
Even though the original purpose of the pH versus Ca
concentration experiment was not accomplished, interesting

data on Fe deficlency in L. groenlandicum were gathered.

Minor deficlency symptoms in leaves produced during the
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experiment developed within two months. The two high pH
regimes displayed the most severe symptoms, with inter-
veinal chlorosis being prominent. Plants in the two low
*pH regimes appeared fairly healthy after the first two
months, although slight interveinal chlorosis was noted in
a few of the younger leaves.

After five months, only plants in the two low pH
regimes had produced a second crop of leaves which were not
severely iron deficient (four plants in solution i and
three plants in solution 2). 1In fact, only one plant in
the two high pH regimes produced a second set of leaves, and
these were all white. Three (of five) of the plants in the

solution 4 regime had died by the fifth month.

Discussion ;
’
Except for continuously saturated substrates, mature

L. groenlandicum is capable of tolerating high water levels.

several studies nave shown that other mire shrubs are
capable of surviving high water levels. Gimingham (1960)

found that Calluna vulgaris could tolerate a constant -2 on

water regime, with its roots being limited to the unsaturat-

ed upper 2 cm of peat. Although optimum g?owth of Vaccjinium

macrocarpon under cultivation occurs at water ;evels~6etween
-20 cm to -30 cm (Beckwith 1940; Hall 1971; Eé& 1976), good
growth was also obtained with a -5.5 cm water regime

(Hall 1971).

completely saturated substrates (O cm water regime)
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have been found to limit the growth of many mire shrubs.

Stems of Chamaedaphne calyculata are capable of surviving

‘at just above water level in floating peat mats, but rapidly

die when submerged by water (Swan and Gill 1970). Rutter
(1955) found that a fluctuating water table enabled plants
to grow more successfully in wet substrates. A constant

O cm water adversely affected Empetrum nierum (Bell and

Tallis 1974), Erica cinera (Bannister 1974b; Jones 1971),

and Calluna vulearis (Bannister 1964b), species which are

characteristic of moist to dry portions of mires. Erica

tetralix (Bannister 1964b) and Aniromeda polifolia

(Karlin, unpublished data), which are both often found 1in
wet sites, survived the waterlogged regime quite well.

Ericaceous plants tend to have shallow root systens,

The majority of roots occur in the upper 15 cm of substrate

for L. groenlandicum. Rosswall et al. (1975) found that

> 80% of the roots of mire shrubs (predominantly erica-

ceous) in northern Sweden occurred in the top 10 cm, with
> 99% in the top 20 cm. Most of the active portion
( >90%2) of the root systems (in terms of nutrient uptake)

of Callura vulegaris and Erica tetralix are located in the

upper 15 cm of substrate (Boggie et al. 1958),

Plants possessing shallow root systems would be able
to evade to some extent the anaerobic portions of wet sub-
strates. The rooting systems of woody mire plants are
usually situated above the general water table level

(Emerson 1921; Rigg and Harrar 1931 ). Even though Erica

63
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tetralix is sensitive to poor aeration, 1ts shallow root
system allows it to survive in the wet portions of English
bogs (Sheikh 1970). As there are extensive areas in the
low-peat communities where the surface 3-10 cm of substrate
are usually not inundated by water, it would appear that

survival of the mature L. groenlandicum in such low-peat

areas is not directly limited by the water regime present

there.

As L. groenlandicum is characteristically found in

acidic, nutrient poor, organic substrates (Fernald 1907;
Wherry 1920; Jeglum 1971), it could be argued that the
chemistry of the primary water limitsg the‘vegetational
spread of the plant. 1If this hypothesis were true, one
would expect to find the' most distinct distributional
patterns in rich fens (calcareous primary water) and hardly
any pattern in poor fens and bogs, where the plant would
extend into wette; areas. The same pattern has been ob-
served, however, in both rich fen and poor fen systems
(Pig. 6; Vitt and Slack 1975).

Survival of transplants subjected to the primary water
regimes at Heatherdown and Nestow, and the formation of ad-
ventitious roots in Heatherdown low-peat environments pro-
vides further evidence that the vegetative spread of the
mature plant is not greatly limited by primary water
chemistry. |

That L. groenlandicum was able to tolerate the calcar-

eous substrates of the Heatherdown low-peats 1is surprising.
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Rhododendron and most ericaceous plants have been found to

be unable to tolerate calcareous substrates (Lunt et al,
1956; Bowers 1960: Holmes 1969; Oertli 1963; Lee 1965).

It is believed that this is largely due to their inability
to take up sufficient iron from substrates having a pH > 6
(Spencer and Shive 1933; Brown 1955; Holmes 1960; Oertli

1963), Fg;rous iron is rapidly oxidized to the ferric form

R

e ——

~~arepund PH 6, and the solubility of ferric iron decreases
1000 fold for each pH unit increase (Oertli 1963). Aera-
tion also plays a role, however, and the.reauced conditions
found in water saturated substrates tend to offset the
influence of high pH values on Fe (Buckman and Brady 1969).
A mottled layer (rust-orange colored) occurs about 5 cm
down from the surface of the low-peat substrates at Heather-
down, indicating that the reduced form of Pe is present
below that depth.

Recent evidence indicates that high concentrations of

H003 (2 dominant anion in many calcareous ‘ubstrates)

hinders the translocation of iron in Rhododendron (Rutland

1971). However, the environmental relationships underlying
the exclusion of acid loving plants from calcareous sub-
strates are complex and not entirely understood (Brown 1956;
Epstein 1972; Larcher 1975).

The data from the nutrition stu@y indicate that the Pe

deficiency symptoms in L. groenlandicum are similar to

those observed in other plants (Epstein 1972). They would

be expected to show up relatively quickly (by the second



growing season) if Pe was not readily availablé‘in the sub- ‘
strate environment. Deficlency symptoms had not devgloped ; ‘ti*‘
in the Heatherdown low-peat transplants after 3 growing " fgf
seasons. The availability of Fe is thus not a major limit-
ing variable in such environments for the mature plant. It
may play a role in seedling survival, as the seedling root
environment‘would be limited to the surface layers of the
low-peat substrate, where Fe would primarily be in the
oxt*dized form.

It would appear that the slight amount of Fe contamin-
ation in the chemicals used to make the nutrient solutions

was of sufficient quantity to allow L. groenlandicum to

survive in the low pH regimes. The ability of the plant
to do as well as it did with such low concentrations of

Fe indicates that L. groenlandicum has an efficient uptake

mechanism for that element and that the plant does not
require it 1n great quantities. 1In the @igh pH regimes,
any iron in the solution would have been precipitated out
and unavailable to the plants,

Although no published mineral nutrition studies are

available on L. groenlandicum, there have been several on

Rhododendron (Stuart 1947; Twigg and Link 1951; Eell 1952;

Leiser 1959). Twigg and Link (1951) found that R. kiusia-

num Makino (Syn. R. obtusum f. japonicum) developed char-

acteristic nutrient deficiency symptoms, which appeared 1in

the following order: N, K, B, Mg, Ca, Fe and P. The

requirements of R. kiusianum for P, K, Ca and Mg are
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. .
relatively low (Twigg and Link 1951), which has also been

observed in other ericaceous specles (Balley et al. 1949).
The mosp frequently encountered nutritional disorqgrs of

Rhododendron (cultivated) are caused by lack of nitrogen

and unavailability of iron (Stuart 1947).

o The N, P and K concentrations in healthy L. groenlandi-

cum foliage (Gerloff et al. 1964; Small 1972a, 19Mc;
Reader 1978) were S those of R. kiusianum exhibiting the
respective mild to severe deficlency symptoms (Twigg and
Link 19513 while Ca and Mg.concentrations ;ere > those of
health& R. kiustanum. This indicates that L. groehlaggécum
is likely to gave lower N, P and K requirements than does

©

R, kiusianum, and that concentrations of these minerals in

L. groenlandicum may norqglly be only slightly greater than
— ) \- . '.’ ‘A
"the *critical concentration®'. Through the retention of its

leaves for two growing seasons, L. groenlandicum maximizes

1ts use efficieqcy of N, P,*K and other minerals which may
not be readily available ‘in raised-peat substrates (Small
1972a; Reader 1978).

Nitrogen is available primarily as NHy in acidic condi-
tions, while in less acidic sites a higher percenpagé of .
NO4 may pe present (Alexander 1965; Saebo 1970; Griedanus

et al. 1972; Moore and Bellamy 1974). Both nitrogen forms

have been shown to be utilized by Rhododendron, with NH,
being the superior form, especially in less acidlic sub-
strates (Colgrave and Roberts 1956; Leiser 1959; 1n‘0ertli

1963; Oertli 1960; in Oertli 1963). Other ericaceous
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plants have also been found to be capable of utilizing
both nitrogen forms (Kender and Childers 1959; Oertli 1963).
Thelsubject is not clearly settled, however, as a

recent study has indicated that V, macrocarpon is not able

to utilize NO5 (Griedanus et al. 1972), in direct contrast
to earlier studies (Addoms and Mounce 1931; Kender and
Childs 1959).

The major form of nitrogen available to the low-peat
transpla;ts was NO3 (Table 8, page 35). As the plants
grew for up to three growirg seasons without developing any

nitrogen deficiency symptoms, it would appear that either

L. groenlandicum is able to utilize both the NH, and NO4
forms of nitrogen, or that the plant is able to obtain suf-

ficlient NHQ for survival in such environments.

»



V. SEED GERMINATION

Natural Establishment
) Methods
A close visual examination of substrate surfaces in the

ma jor community types was undertaken to locate Ledum

groenlandicum seedlirgs. This was done to determine the

frequency of natural seedling establishment by L. groen-
landicum, and the types of micro-habitats in which estab-

lishment occurred. Data on maximum rates of seedi!ng'gs-

tablishment were obtained by sampling sites whlch,g.ne

found to have larpe numbers of seedlings. Density of
.

L. groenlandicum seedlings within 0.25 m? quadrats was

determined and categorized into first, second-third, and
2 fourth year age classes.

o

A disturbed mire near the Nestow FPen was discovered to

have an extremely abundant crop of L. groenlandicum seed- ‘?

lings andqrgp also sampled for seedlinp density. Thds mike
had been affected by‘fire and road building activities
within the last 25 years. 1t is a raised-peat system with
a relatively flat and uniform surface. A solid mantle of

Polytrichum strictum covers the mire forming a 5-8 cm thick

layer on top of the ‘original Sphagnum peat surface. Vas-
cular plant cover is low (24%). *

The small annual growth of P. strictum, coupled with
its open canopy (when compared to that of Sphagnum) seemed

to favor successful establishment of L. groenlandicum.-,

69 ® {‘h
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The tomentum of the Polytrichum stems and fungal mycelium

form a compact layer about 2-3 cm beneath the moss canopy,

and was the primary substrate for L. groenlandicum germina-

tion. 1In some cases, seed lodged and germinated on a sub-

canopy leaf of Polytrichunm. It would remain balanced there

until the roots grew into the fuhgal-peat 1ayer'¢ 1l cm
below.*'
Many raised-peat "islands" isolated in the wet meadows

from the major raised-peat areas occurred at Heatherdown

and Nestow. 1If L. groenlanaicum)occurred on such an island,
it must have been directly established by seed. in June,
1977, 120 of these islands were sampled at Heatherdown for

the presencé of L. groenlandicum, major substrate type,

and maximum island height above water,

Results

Only a small number (< 12) of L. groenlandicum seedlings

were found at Heatherdown during the X976 season, This
was in part due to my lack ofx knowledge about the minute
8lze of the seedlings (Fig.13, p.103)and the kinds of micro-
habitats where they occurred. In a greenhouse environment,
the average (X * sD) height of 1 month old seedlings was
2 *o.5 mm,and by 4 months they had reached a mean height
of 4 % 0.6 mm (25° day/16° nignt).

\\After becoming acquainted with the characteristics of

a

L. groenlandicum seedlings via preliminary laboratory

' £
experiments (in spring, 1977) and observing those present
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at the disturbed mire, I found a substantial number at
Heatherdown. Due to the patchy nature of suitable germina-
tion sites, seedlings were only lochdly present. Generally
they were absent in the mire system as a whole. ¢

Germination usually occurred on a moss or peat sub-
strate. In some cases, the moss layer was <1 cm thick and
directly overlaidmarl. Most successful establishment took
place in sites where moss growth rates were not high, such
as on the tops of senescent ralsed-peat hummocks, at the
base of fallen trees, and in moist (not wet) sites lacking
a continuous moss c¢over (raised marl) which occurred in-

Il

frequently betweeg, the 1low-peat and the raised-peat.

| In the raisedS¥l there were mean densities (X * SD)

of 8% 7,81 2apd 19 * 5 seedlings per 0.25 m2 in first,

second-ﬂ)k_‘d a’nci 2 fourth year age classes respectively.
\\Qbfxé/yalues are of sites selected because of high density

of seedlings and are not representative of seedling’densit-

ies in the raised-marl site as a whole. .

Seedlings at the disturbed mire were quite, evenly

distributed and the following values are representative of
that system: 14 ¥ 7, 33 % 19, and 69 * 24 seedlings per !
0{25 m? in the first, second-third and > fourth year age
classes respectiyely.

As the sampling took place in late August, the first
yes® seedling population data do not represent total germ-

ination for that year. Many current seedlings may have

v
died previous to sampling and may, therefore, not have
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been observed at the time of sampling.
The results of the island study are presented in Tables

[4
20 to 22 and in Fig. 10. Sphagnum, Tomenthypnum and peat

proved to be the most favorable substrates for successful
establishment (in that order). Practically no establish-

ment occurred on Campylium and Drepanocladus mats.

Island height above'wéter level is a second variable
which might influence successful establishment (Tables 21
and 22). There is a significant difference in height

between the two above substrate g.pings. A comparison

Uweexz 1sland height and the corresponding rooting height

the L. groenlgggzbum plants nearest to the water level on

that island showed a pon—sigrnf‘icant correlation (n mjj,
r = .189). The mean rootiny height of the lowest rooted

L. groenlandicum was 17.6 ¥ 7.3 cm,~which is lower than the

mean maximum heights for islands dominated b?ﬁﬁamgxlium)anq

Drepanocladus. No significant difference was found amdpg

the mean heights of those Campylium, Tonenthypnum and

Sphagnum dominated islands which supported L. groenlandicum,
with tne mean heights of the Campylium and Tgmenthypnum
islands being larger than the respective total means for

-
.

each.

Discussion

The infrequent and patchy occurrence of seedlings in-
dicates the importance of longevity and vegetative repro-

duction in pOpuEation maintenance, Both are the primarx

;j ~ : .

-
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Table 20. Data on raised-peat islands at Heatherdown.
Number of islands sampled categorized by sub=-
strate and maximum height of islands above the
water level (mean ¥ SD, cm).

Mean Mean

No. with Max..height Max. height .
Substrate (n) Ledum (total) (with Ledum)
Drepanocladus b '() 20 _— '
Campylium sl L 24 7 30 9
Tomenthypnum 51 ) 29 st 38 t 13
Sphagnum b i 42 * 13 T 42 %13
Peat 7 5 \\‘ w58 ¥ 12 61 * 11
S N

D
means of population maintenance for moét ericaceous plants

characteristic of mires. Seedling establishment 1s not .
common and Kmally is limited to disturbed sQS. This 1is
ngt due to low seed viability: as relatively high germina-
tion percentagéé under laboratdry conditions have been
found (Ritchie 1955; Bliss 1958; Hansen 1964; Bannister
1966; Swan and Gill 1970; Bell and Tallis 1973)§9

’

In 6ontrast to the above trend, Calluna vulgaris

reproduces primarily by seed;sﬁimingham 1960; Barclay- v

Esterup and Gimingham 1969)./ Bannister (1974a) found that

successful germination and establishment of C. vulgaris,

Erica cinera and E. tetralix was most favored in raised-
peat substratee in comparison to humus and mineral soil.
‘ \However,‘the raised-peat environment was not as favorable

for promoting the growth of older seedlings of C. vulgaris
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Table 21, Mean heights of all islands sampled.

P = 24,86 (p < .001) ~ '
Substrate pr* Cs ™ Sp Pt
Height (cm) 20 24 35 42 58
Non-significant

ranges ( <=,05) &

* Dr =-Q.-rev lvens, Cs = C. stellatum, Tu = T. nitens,
%R = Sphagnum, Pt = peat™. '
- ?‘ ' 4°' ) '

and E. tetralix as that of adjacent better drained wet
heath substrates (Loach' 1968). )
Seed produced in, or‘hdbjected to, harsh environments
"may have reduced viability., Seed collected from arctic pop-

ulations of A. polifolia, Empetrum hermgphroditum,'VacJ

cinjum uliginosum L., and V. vitis-idaea failed to germin-

ate, although both L. palus're and Cassiope tetragona seed

had > 504 germination (Bliss .-+58). Latimer and Smith

(1938) found that allowing seeds of Vaccinium angustifolium

to dry caused them to enter a prolonged secondary rest
period that lasted for two years.

Dispersal of seed from the raised-peat’areas into
aéjacent low-peat sites should readily occur, as the seed
is small and easily dispersed by wind (Ridley 1930). The

presence of L. groenlandicum on isolated ralsed-peat islands |,

and the regular distribution of seedlings throughout the

disturbed mire confirms that such dispersal does occur,
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Table 22. Mean maximum helghts of islands with L. groen-
landicume. .

F = 6.76 (p = .001)
Substrate cs® Tn Sp Pt
Height (cm) 30 38 L2 61

Non-significant
ranges. ( x=.05)

e

* LR
* Cs C. stellatum, ™n = T, nitens, Sp = Sphagnum,

Pt

P
ML
Rl . . /
As a 1a§§sﬁnumber of seeds are produced per flower ( > 50
Yy
seeds) qﬂQﬁextensive flowering occurs each year, there
should be substantial annuil additions to the seed banks

of both the low-peat and raised-peat substrates. The

. apparent annual seedling recruitment experienced by seecdling

populations 1in favorable sites for germination and estab-
lishment'indicates.that a significant amount of viable seed
is also dispersed annually.

Althdugh guccessful propagation of L. groenlandicum

from seed has been reported under horticultural conditions
(Bailey 1910; Gorer 1976), it has not been preéviously ob-

gerved in the field. The extensive growth of L. groenlandl -

cum and L. palustre in disturbed sites has been largely
attributed to veg;tative reproduction (Lewis et al. 1928;
Lutz 1956; Moss 1948; Viereck 1973; Flinn and Wein 1977).
Soil seed bank studies have not yielded any germination of

L. groenlandicum seed (or of any other ericacéous species
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present), even though the plant was a prominent component
of the vegetation (Johnson 1975; Moore and Wein 1977).
A wide array of substrate types was tested, ranging from
Sphagnuyn peats to sandy solls. No germination gt all was
‘,_obser\red in the Sphagnum peats. This is surprising, as it
is believed that cold, acid and poorly aerated substrates
are favorable for seed preservation, although they inhibit
germinatidn under normal field conditions (Turner 1933;
Champness and Morris 1948). 1In a greenhouse environment,
live Sphagnum is an excellant medium for the germination
and establishment of many plants, especlilally the Ericaceae

L
(including Menziesin and Rhododendron) (Close 1937; Childs

1946; Bowers 1960).

It may be that the seed bank studies mentioned above
were biased by short germination periods (56 ﬁgys and 35
days respectively). Soill seed bank studies cérried out for
longer periods have not only yielded germination in peat
substrates, tut also germination of several ericaceous

species (Milton 1939; Champness and Morris 1948).

Seed Viability

: Methods \ L
L
Seed of Ledum groenlandicum was coll@cted in IQte

August - early September in 1976 and 1977 from HeatRerdown

“-'\

and Nestow. All seed was stored dry. The 1976 seed was
stored at -4° until October 1977, after which it was kept

at 4. The bulk of the 1977 seed was stored at 4°, with
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a small subsample being kept at 23°.

A sample of Ledum palustre seed collected ¢n the

” .
Mackenzie Delta of the N.W.T. in August, 1977 was provided
by John Campbell of the Botany Department, University of

-]
Alberta. This was stored at [T

The set up for germination was as follows: fifty seeds
were placed on a wet folded Kimwlipe in a 5 cm diameter
Petri dish. This was then placed inside a 9 ¢m d}ameﬂ’r
Petri dish so that molsture loss would be minimized. Dis-
“tilled water was ®dded as required to keep the seeds moist.
This same method was employed in all of the laboratory
germination experiments.

In order to determine the relat! of viability to
.
seed age, four treatments were establi : L. groen- ‘
5 .

ki

*

landicum seed 1 month old (6 replicates); seed eight month%
0ld (7 replicates); and seed 13 months (3 replicated) old;
and L. palustre seed 1 month old (3 replicates). The 9
month old treatment was run at a different time than were
the other 3. Germination took‘place in a growth chamber
(Environmental Growth Chamber Co., Model M-15) with a 25°
day/8°n1ght temperature regime and 14 h of light.

In conjunction with thevgermination of 8 month old
seed (stored at u°) in the above experiment, 2 replicates
of 8 month old seed stored at 23° were also established.
This was done in ordeér to determine whether storage temp-

erature had any affect on seed viability.
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Results
High levels of germination occurred in both specles
without cold stratification (Table 23 and Fig.1l). Most
germination had occurred by 25 to 30 days. Germination of *

L. palustre seed required less time and was mage synchron-

ized than that of L. groenlandicum.

Seed viability decreased rapidly with age. Mean
germination for 13 month old seed was only 1/3 that of 1
month old seed, and it required a longer period to germ-
inate. Gérmination of seed stored at 4° for 8 months was
not significantly different from that of seed stored at

o -
23° for the same time period (F = .16, p = .703).

Discussion

These data indicate that the seed of both species 1s
quite viable. while I am not aware of any previous studies

on germination counts for L. groenlandicum, Bliss (1958)

found that 7 month old seed of L. palustre Bad 51% germ-
tnation at 22°. YNichols (1934) and Bliss (1958) also found !
that most germination occurred within 25 to 30 days under

ljaboratory conditions for L. groenlandicum and L. palustre

(respectively). That pretreatment is not necessary for
germination to occur has been previously noted for L. groen-
landicum (Nichols 1934). Other related genera (in the same

. PN .
subfamily) which are known to readily germinate without ° m

pretreatment include Epigaea (Blum and Krochmal 1974),

Kalmia (Olson and Barnes 1974), and Rhododendron (Bowers
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Table 23. Mean germination ip@felation to soed age.
(4
)

-

F =19.70 (p < .001) .

Germination percents (Mean)

4

Seéd age (months) 13 .8 1 1*

. Germination 20 L6 58 71
Non-significant
ranges ( «=,Q05)

% Ledum palustre

1960; Olson 1974).

Although mean germination of 8 month old seed was sig-
nificantly lower than that of 1 month old seed at <« = ,05,
it was not significantly different at « = .0l. This fact,
coupled with the large drop in germination between 8 and
13 month old seed,‘?ﬁggests that the germination for a
given cohort of seeds largely occurs within one year of
their production. Long term survival of the seed in the
soil is not likely. This may S; due largely to a lack of
sufficient food reserves because of small seed size (2.5 mm

by O.4 mm). Germination of Rhododendron seed follows a very

similar pattern in respect to age of seed and viability

(Bowepi 1960),

Field GCermination Experiments
i Methods
Field germination rates were studied during the 1977
and 1978 field seasons. Seed was obtained from Heatherdown:

e v

LY
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in khe fall of 1906'and ib77; and at Nestow in the fall,
J4977. It was stored in paper ba%s placed inside plastlc
containers at -4, In June, 1977, three circ;&ar plots §
12 cm in diameter were placed in each of four suéstrate’
types at Heatherdown (%, nitens, S. fuscum, C. stellatum-
D. revolvens aﬁd‘marI; ' One hundred seeds Qébe'sown in
each plot. Observations on germination were made through-
out the rest of the sthdy period.
On'October 10, 1977, a second sowing at Heatherdown -
was carried out at differené sites with 100 seeds in c¢ir-
cular plots 5 cm in diameter. Three .plots were placed in

each of Campylium-Drepanoéiadué aﬁdj!pmenthypnum substrate

while two plots were placed in each of living Sphagnum and
Sphagnum peat. All of the plots were covered with 5 cm
diameter plastic Petri dish tops, which had several small
holes cut in their surfaces. This waé done to preQent the
seeds from being blown or washed away durihg the fall/
early spring periods. The Petri dishes were removed on
April 25, 1978'50 that any greenhouse affects would be
1imited to early spring. A third Heatherdown sowing
similar in set up to the second one (without the Petrﬂ_

dishes) was established 1in late April, 1978. Five plots

were placed on peat (Drepanocladus and Camgxlium) in the

meadow, and ‘four plots on Sphagnum fuscum hummock tops

(one of which was on Sphagnun peat).

Germination plots were also established at Nestow. in

late April, -1978. These were tré same in design as the

82
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third Heatherdown sowing. Three plots were established

in bothrPicea-Ledum andlEriophorum-Sphagpum ralsed-peat //

» .
community types on Sphagnum (S. magellanicum, S. angusti-

folium). Seven plots were established dn Aulacomnium
.”pglustre hummocks in the wet meadow communities; with
another p‘on Sphagnum;peat which had been exposed ét the
distufbed mire in fall, 1977. Additional Sphagnum peat

>

exposures (9 plots, each 1 dm?) ﬁereuwatched for natural

establidhment rates of L. groenlandicum.

'Reéults
The field germinaﬁion data collected underestimates
total germination. As only seedlings were observed, seeds
which germinated but did not become established were over-
looked. 1In some substratés it was difficulf to locate}

seedlings (T. nitens, Sphagnum spp.) and a“~substantial

number of seedlings may have been missed. Observations on
germination were infrequent, and some seedlings may have
appeared and died between countings. As seedlings e;re
leftrlp the germination plots, some that died may have been
replaced by new seedlin%s which would, therefore, not have
been counted. ,

Thus, the germination data might best be considered as
percent successful initial establishment, ratﬁe than
actual percent germination. / T)

Initial establishment occurred in-all substrates

tested except the $. angustifolium and S. magellanicum

a

b



raised-peats at Nestow ‘?able 24). Maximum establishment
occurred in C. stellatum - D. revolveng peat in low-peat
communit;es at Heatherdown. The range of values for
- establishment varied widely within each subssrate type.
Maximum valueslof establishment were of similar magnitude
in all subsf{rates except Sphagnum spp.; which had‘ve?y low
values (Table 2%).

Natural seedling establishment on expo}ed peat at the

Nestow disturbed mire averaged 22 seedlings per 1 m<,

° Discussion

berminafion and initial establishment is capable of
occurring in low-peat substrates, perhaps at higher rates
than in ghagnué\égp. and Feather moss dominated raised-
peat substrates. The initial rate of seedling growth and .
development appeared to be the same in all substrates
tested. | ///‘
As the seedlings are quite small and delicate, it
might be expected that they would be easily damaged by
heavy rain storms if in an exposed location, or to dry
periods as theilr rooting systems are small and shallow.
Surprisingly; a large majority of the seedlings survived one
. of the most severe rainstormé in 25 years, including
several seedlings in a relatively unsheltered area of marl’
substrate., As the substrates in the low-peaﬁ areas were
moist even at the driest times throughout the three years

of ‘this study, it would be expected that some seedling

\ 4



Table 24, gean field germination 1in different substrate.
ypes. .

P o= 3.5 (p = .009) OO -

Y N
. Germination percents (Mean) .
Substrate st M1 sfp T ' '¢cs Ap  Csp**

Germination® 1 1.3 2.8 4.2 4.9 6.4 10.0
Non-significant
ranges(or=.o5)

Max. % germinatlon 1 13 '12 10 13 22 16
n 6 5 6 5 % 5 5 5

ral

[}

* Mean % germination has been subjected to Arc-Sin
transformation: This alters the final value, and is
often different from a straight arithmetic mean. ’

#» Sfp = Sf peat; Csp = Cs peat (see Table 26 for others).

survival would occur.
1t appears that the germindtion and initial establish-

ment phases of L. groenlandicum do not primarily 1imit its

‘spread into low-peat locations. gince older age classes

( > 2-3 years) are not found in such areas, some environ-
mental parameter l1imits the successful long term establish-
ment of the seedling at some timg between initial estab-
1ishment and the end of the third year, at which time the

seedling 1is usually large enough to be easily noticed.

Influence of Substrate
Methods
in fal®y 1977, three samples each of 8 different

substrate types from Heatherdown (Camp}iium stellatum/
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Drepanocladus revolvens, 4omenthx2num,n1€en§, Sphagpun
uscgm, Feather mosses and marl). ahn,Néstow (Aulacomnium

palustre, olxtrichum strtctum, Qhagggm magellanicuﬁ3 were
collected.' These were placed in 7. 5 cm diameter. plastic

pots. One hundred seeds were sown in each pot, the sub~
strates wqre wytered 1mmed1ate1y before sowing. Tne ° :
exberiment was run in= 24° day/l? night temperawre B
regime in contrblled environment greenhouse. The planted
seeds were cooled to -4° for u days and allowed to thaw in
a 16 ° day/8 night regime for h day before bexng placed in
the final temperaiyre regime. -Plastic Petri dish covers
were placed on tne pots during the first 21 days of the
experiment to enhance germination. The substrates were
watered with distilled watér at the base of the p7ts.
Germination was observed over an 80 day period.

| In order to separate the influence of substrate phys-
jcal parameters (1.e., water content, canopy struc e)
and growth rates on germination from possible allelochemid
inhibitiong, the following study was performed. Samples of
C. stellatum, S. fuscum and T. nitéés were collected at
Heatherdown in April, 1978. An amount of distilled water
equivalent to twice the fresh weight’of S. fuscum and g.'
nitens, amd”egual to that of C. stellatum (less added "’ |
because of high initial molstnne content) was added to the
gsubstrates. The samples were ;haken for S.Fays on a
;eciprocating‘shaker (at 230). The leachate was se rated

\l} -
frof the moss utilizing Buchner funnels and suction.
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Six leachate treatments. were established, consisting
/9! 5 replicates with 100 seeds each. The treatments were:
genat (pH 7.3); C. 8 tolllgtgg-adjusted pH (pH76.0);.
T. ni ten {pH &. 9) T, nitens-adjusted pH (pH 5.5); S.
fuscum (pH &4. 7), distilled water. Ten ml of the respective
leachate {or distilled water) were used to provide the
moisture for germination. Distilled pater was used spar-
ingly during the latter part of the exﬂbriment to keep the
seeds moist. The experiment lasted for 35 days, with a

A

- - constant 23° temperature regime and natural,light.

-

. f
Y . &

. Results

Germination occurred in all substrates, with lower
_percentages than those obtained in experiments which
utilized the Petri dish-Kimwipe method (Table 25). Sig-
niffcant differgnces 1n germination only occurred between
the, P. strictum and T. nitens substrates. Germination in
‘the first experiment was observed over an 80 day period as
the seed Jsgd was 13 months old (and hadQ;een observed to 4

,takeblonger to germinate) and because the environment was not

. as conducive to rapid germination as that of the Petri dish

. ° method. The most favorable substrates were 2. nitens and S.

fuscum. The'iow value for P. strictum'is surprising,'as it
.was fourd to ‘be one of the more favorablé subitrates for'
success™ul natural germination and establishment in the
field. .

+ Inhibition of germination qnly occurred with the
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Table 25, Mean permigation.response to substrate type.

‘

F=1.35(p=.

Substrate Sm Sf Tn
Germination 10 14« 16
Non-significant PN

ranges ( «=. 05)

# See Table 26 for explanation of abbreviations. .

<
hnédjusted c. latum leachate (Table 26). AithOugh
they were not significantly different, germinétion means in
the remaining leachate treatmeﬁts were all greater than
that of the control.

Table 26. lean Fgermination response to leachates from
three different substrates.

F = 5.64 (p =..002)

Cermination percents (Mean)

*

Leachate’ Cs cl TnA CsA St Tn

Germination 18 38 b2 47 48 51
Non-significant
ranges (= =.059)

4

*» Ap = A. palustre Ps = P. strictum
O Control sf = §. fuscum
T Cs - Ce stellatum Sm = S. magellanicum
CsA = Cs-adjusted pH T™n = T. nitens
Fm = Feather mosS ™A = Tn - ad justed pH
M1 = Marl



- Discussion
- L] 5

The physical and chemical parameters of major sub-’
stratelgypes present at Heatherdpwn and Nestow do not

totally 1imit the germination of L. groenlandicum. Althouéh

a high reduces 'germination (page 91), such substrates
had germiristion percenfages simitlar to more acidic ones,

1
Allelochemic interactions do not appea play a

ma jor role in germination inhibition of L. andicum. ‘ﬂ

Leachateé of S. fuscum and‘g. nitens péssibily provide a
more favorable germinatigg medium th;n does the distilléd
water control, perhaps by supplying more minerals to the
seed. fhe data dd not rulg out the possibility that sub-
sequent eséablishment is influenced by some allelochemic
interaction. ’ . ' .

The' contrasting results of the adjusted:and unad justed
C. stellatum leachates indicate that a high pH is probably
the major parameter reducing germination 'in the latter
treatment. This conclusion is further supported by the
similarity of thg germination percents of the unadjusted

C. stefllatum leachate (pH 7.3) and the pH 7.5 regime of the

germination-pH experiment (page 91).

Influence of pH

Vi

As a sharp gradient (pH 4.0-7.6) in substrate and water
pH existed at Heatherdown between communities with and

without L. groenlandicum, an experiment was performed to

determine the influence of pH on germination.

]

f

-

/l
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\ \ /} ‘Methods .
. L p

. Pour pH regimes (3.5, 5.5, 7.5, 8.5) were established
hsing bpfﬂer solutions (sée Appendiy III) kimwipes were
soaked in the respective buffer solutions for 24 h vefore
the "planting". Five replicates were prepared for each
treatment. The buffer solutlons weré'used to moisten the
seeﬂs when necessary.  The seeds'were ggrminated under a
25° day/8° night temperaturd regime, with 14 h of 1ight.
Germination and survival were noted for 28 days. ‘Pré-

11m17ary germination studies had 1ndica§id'that most

germination héd occurred by 25-30 days.

* + Results
Thfpe was a significant influence of pH on germination
an? seedling survival (Tables 27 and’ 28, Fig, 12). The
moghljavorable regimes were acidic, with pH 5.5 having the
high®st germination and survivorship. None of the seed

which germinated in the 8.5 regimegﬁrvived to day 28.

Discussion -

Germination of Calluna vulgaris showed .a similar

response to pH, with a marked reduction in gerﬁinatioﬂ at
values greater than pH 6.6 (Poel 1949; Brien 1950: 1n
Gimingham 1960).

Qithough substrate pH may have considerable influence
on germination and seedling survival in rich fens, it 1is

not totally responsibile for the absence of L. groenlandicum
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Table 27, Mean germination response to pH.

p = 14.71 (p < .001) ~

Germination percents (Mean)

pH 8.5 7.5 . 3e5 5.5
Germination 13 18 32 36
Non-significant

ranges (<« =.05)
‘n

in low-pcé communities. The small difference in substrate
pH between raised-peat and low-peat commhnitles in both

fen and poor fen systems, plus the presence of seedlings 1in
spbstrates*with pH values of 7.5 at Heatherdown, indicate

that other environmental parameters are 1mportant.,

Table 28. Mean seedling survival in relation to pH.

/

&

-
P = 10.63 (p = .002)
Survival percents (Mean)
pH 8.5" 7.5 3.5 5.5
Survival 0 L8 69 97

Non-significant
ranges (a =.05)

# not included in the anlysis of variance
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Influence of Temperature .
. Methods

Tfe same germination method ua;d in the pH experiment
was uscd, with distilled water employed to moisten the
seeds and Klmﬁipes. Pive constant temperature regimes
(5, 10, 15, 17, 19) and 5 diurnal temperature regimes
(6/-1, 16/8, 25/8, 2“/17,ibd72d) vwere estabilshed. The
constant temp?rature regimes were conducted iA growth
chambers (12 h light regimes) for 27 days wrhile the diurnal
regimes were placed in controlled environment greenhouses
for 25 days. .At the end of the experiment, sged from the
6° c‘/—'lb night regime was placed in a 25° clay/Bc night

regime for 22 days.
’

Results
Fairly high temperatures were required for germination
in the temperature regimes (Table 29). Germiration at and
below 15° was low, with none occurring at 5°. There ;as a
sharp increase in perce;tage germination between 15° to 17°
constant temperature. The 5° and 10° treatments were
allowed torcontinue for an addltionﬁ\ 17 days. Mean

germination in the 10° regime increased from <€ to 7%, and

no germination occurred in the 5° regime.

The diurnal temperature regime showed a slightly
different pattern (Table 30). No germination occurred in'/

the 2 cooler regimes even thoush one had temperatures at

which germination in the constant temperature experiment



Table 29. Mean germination response to constant temperature
* regimes.

a

P = 142,95 (p < .001)

i ion (] .
Temperature (*C) s * 10 15 17 19
Cermination 0 5 8 48 b
Non-significant . :

ranges ( « =,05) .
® not included in the analysis of variance .

had occurred. Maximum germination took place in the 25°
day/8° night regime. Mean germination at 40" dax/zo° night
yas significantly less than it was in the 25°/8° regime

at « = ,05, although not at « = .0l. Germindtion may .

have been reduced in the 24" day/17. night and 40° day/

20° night regimes because of subsyantial contaminétion by

fungi.

Table 30. Mean germination response to diurnal temperature
regimes.

o

P = 10.28 (p = .002)

Germination percents (Mean)

Temperature (°C) 6/-1* 16/8% 24/17 40/20  25/8
P

Germination 0 S0 25 40 58

Non-significant ‘e

ranges (= =.05)

# not included in the analysis of variance
]

,



QSubstantial rermination (37%) was obtalned from the
cold: stratified (6°/-1Y) seced after 22 days in a 25° day/

8° night regime. Mean germination, however, was sig-
J

nificantly less than that of non-stratified seed (Table 31).

/ Discussion

Temper’aturew a major influence on germination of

L. groenlandicum. oth daily maximum And minimum tempera-
tures are important%L\RSnimum daily temperatures of =< 8°
require high daily maxima in order for germination to occur.
Temperatures < 8° would further.limit germination. Ex-

posure to daily minimum temperatures 5_40 prevent germina-

tion of Rhododendron (Rowers 1960).

Even though the seeds are mature when shed and do not
require cold stratification, it is unlikely that much
“rgermination occurs in the fall. Substrate surface tempera-
tures are too low to allow germination (Table‘}ﬁ, page U47)
and the relatively long period required for germination
would tend to buffer against exposure to short warm periods.

Germination would not occur in the spring until daily

maximum and minimum substrate temperatures were greater

e

than 16° and 5° respectively.
The results of the cold st;atification experiment in-

dicate that the se@ed is capable of surviving the winter

environment. An carlier study found that not only could

L. groenlandicum seed survive winter temperature regimes,

but that germination was enhanced by it (Nichols 1934).

This is in contrast to the present data and, as no
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Table 31. Mean germinatﬁon response to cold stratifi-

cation. ,
4

P =6.934p = .008)

Germination percents (Mean)

Treatment cs-22% . NS-18 NS-25

Germination 37 55 58
Non-significant
ranges (< =,05)

* (S-22 = cold stratified, germination at 22 days;
NS-18 = not stratified, germlnation at 18 days;
NS-25 =

not stratlfx\s germination at 25 days.

iy

\

replicates were run in the previous study, it is likely
that the small sample size bilased the results.,

The absence of L. groenlandicum from low-peat sites

can not be explained on the basis of germination inhibition
due to substrate temperature. The low-peat substrates
generally had more favorable temperature regimes f?r germ-
ination than did the raised-peat substrates., Dally
temperature fluctuation was not as extreme and minimum
temperatures were higher than were those of unshaded raised-
peats. Densely shaded raised-peat substrates would probably
have a comparable temperature regime to that of the low-

peat (Busby 1976). 2

Influence of Water Level
Two conctant water level regimes (O cm and -5 cm from
the substrate surface) were established in the

(
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25° day/16° night greenhouse. Three replicates of 100
seeds (10 months old) each were placed in each regime. The
seeds were planted on a peat-sand mixture in 7.5 cm
diameter plastic pots. Germination was observed over an
84 day period as 1ittle had. occurred within 30 days in either
regime. As an index of growth, the number of leaves pro-

duced per plant in each regime was determined at thelend

oﬁ\the experiment.

Results

Mean fgermination and growth were not significantly
different in the O cm and -5 cnm regi@es (Fable 32). The
low germination may have been partly due to the nature of
the substrate (Childs 1946). Germination was first
observed in the —?/cm gegime on the 18th day, wnile it was
not noted until the 28th day in the O cm regime. Seedlings
were still alive and healthy 225 days after the date of

planting.

Table 32. Nean, standard deviation, and t-test of data
on the relationship of mermination to water
jevel, (a«=.05)

Water Rerime

+3
g
9]
o
T

0 cm -5cm arf

Percent
germination u}Ytl.Z 6.7%2.1 L 1.455 n.sS.

Yo. lenves
produced 2.7%2.5 2.0%f1.0 4 26 n.s.
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water saturated substrates did not prevent germination

and seedling establishmen% of L. groenlandicume. Percent ¢

germination was low in both regimes, and it was not possible

to conclude that water saturated substrates significantly

1imit germination and seedling establishment.

The seedling

root systems in the O cm regime were all on the surface,

»
however, and the seedlings would be quite vulnerable during

dry periods. The surface rooting system would also not pro-

vide mueh support to the seedling if water le

vels tempor-

arily became higher than the substrate surface.

- Influence of Light
Methods

Two experiments were set up to study the

effect of

light on germination. For the no light regime, the outer

Petri dishes were wrapped in aluminum foil and placed under

a box in a growth chamber with & 25° day/8o night tempera-

. ture regime. Three replicates (50 seeds each) were placed

in the dark regime (35 days) while 3 controls (exposed to

light) were placed on top of the box (25 days). Two repli-

~
cates of L. palustre were also placed in the

one in the light.

In order to determine whether germinatio
nibited by the far-red light dominated enviro
habitats, an experiment was set up utilizing

far-red = 3.31) and far-red rich (red:far-red

dark regime and

n would be in-
nment of shaded
red rich (red:

= .23) light
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regimes (temperature : 20° day/15° night; PhAR = 100 ME m—2
s-1)(establ §hed in groﬁ%h chambers by Dr. J. Hoddinott of
the Botany ﬁepartmen ,\University of Alberta. Tﬁree repli-
. cate; were placed ih each regime, and geﬁhination observed

fér 33 days. Two rejplicates of L. palustre were also pgt

in each regime.

Results
~.G€rmination did not occur in the dark regime for

either species. Mean germination in the light was 37% for

L. groenlandicum and 64% for L. palustre. Germination

®ccurred in both red and far-red light regimes (Table 33).

Although germination of L. groenlandicum was significantly

reduced in the far-redkxiﬁéme, that of L. palustre was not
significantly different from germination in the red light

regime.

Table 33. Germination response to red and far-red light
regimes.

F = 10.78 (p = .008)

Germination percents (Mean)

Treatment Lg-FR" Lg-R Lp-FR Lp-R

Germination 24 4s 50 46
Non-significant
ranges ( «=.05)

#* Lg-FR: L. groenlandicum-far red
Lg-R : L. groenlandicum-red
Lp-FR: L. palustre-far red
Lp-R : L. palustre-red
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Discussioﬁ
Previous studies have démonstratéa that béth sub- “w
‘ specigs of L. palustre require light for germination
(Hegi 1909; Bliss 1958). .This is also known to be true of

Kalmia (Olson and Barnes 1974) dpd'Rhododendron (0lson

1974) . Th:ﬁ:?ﬁa from the second experiment suggest that

exposure to=red light enhances germination of- L. groenlandi-

cum, but does fibt affect the germination of k. palustre.
Further studies areAnecessary to elucidate just what the
specific light requirements are.

. . L]
It does appear that L. groenlandicum would have lower

germination in shaded environments. The seed would have to
be fairly near the substrate surface in order to receive
enough light of the,necessar; wavelengths to be able to
germinate. This is of adaptive significance, as its seed-
lings are delicate and slow growing. They would not be
capable of penetra?ing through much overlying substrate to

reach the surface if they were buried.



VI. SEEDLING STUDIES

Three .experiments testing the ability of Ledum groen-

s landicum seedlings to tolerate high.water levels and the
influence of subssrate in relation to this tolerance were -
established. They were conducted in a' Trop-Arctic green-

house with a 24° day/16° night temperpture regime.

Influence of High Water Level _ . -
Methods -
Seedlings 1 month old were planted in a sand-peat
mixture in 5 small plastic pots. Three days later, 3 Qf
the pots (10 seedlings in each) were placed in a O cm
fonstant water regime (in relation to the substrate surface)
and 2 (9 and 10 seedlings) in a -5 cm regime. Séedling

survival and leaf produc®ion were observed for 82 days.

Results
Seedling survival was high in both regimes (O cm =

89%; -5 cm = 74%), with no significant difference in percent

survival (F = .61,.p = .49). Leaf production was sig-
nificaﬁtly lowef in the O cm regime, although seedlings in
both régimes grew appreciably (Table 34). The seedlings |
: appgared 1o be healthy after 225 days in the O’cm water
regime. Although additional seecdlings had died (percent
'sufvival = 67%), a suSstanttal number of new 1eav§% had
been produced (total no. leaves = 72) by the su>}}ving
plants.

"' ]
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Table 3%. Chi-square test onthe total number of leaves
\ produced in relation to water level.

0 cm =5 cn:
Number leaves observed , 23 27
Number leaves expected 32 18

Chi-square = 5.06 (prob < .03)

Influence of Substrate
- Methods

Three pots of seedlings from the terminated
germination-substrate experiment (page 85) were placed in a
constant O cm water regime. The substrates used were marl,
T. nitens and S. fuscum. The number and location of seed-
lings present was noted for each pot at the start of the
experiment. A fourth pot with a C. stellatun substrate was
also established, with 10 seddlings being transplanted into
the moss. They were at the same stage of development as
those in the 3 other treatments. The plants were subjected
to the water regime for 65 days. Seedling survival was
observed during the experiment and 80 days after being
removed from the water regime. The C. stellatum pot
remained in the water regime for 84 days and was not ob-

served at the later date.

# Results -
Seedling survival was high in all 4 treatments (Table

35). Mortality  in the moss substrates appeared to be
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(@)

(b)

Figure 13. Ledum groenlandicum seedlings. (a) four month
' old seedllings reared in a greenhouse; (b) five
month old seedlings, grown under the following

regimes (from left to right): sand/peat, HpO

-5 cm; C. stellatum, HpO -5 cm; C. stellatum,

HoO O cm; C. stellatum, HpO -2 ch; sand/peat,
Hzo O Chhe N




104 °

-~

primarily duefto being overgrown by the vigorous growth of
the mosses. Leaf‘Production%was much higher in the T.
nitens and S. fuschm'sugstrateé than in the other 2 treat-
ments., As a considerable.;umber of leaves had been over-
grown by the moss in the T. nitens and S. fuscum substrates,
aﬁd were not included in the live }eaf count, the differ-
ence in leaf production between the 2 groups 1s under-
estimated.

Seedling growth in the C. stellatum substrates was
very reduced. Their root systems were much smaller and
leaf production less than those of seedlings transplanted
into a sand-peat substrat@® with a O cm water regime
(Fig. 13). Seedlings grown in C. stellatum with a -5 cm
water regime (for 84 days) had produced somewhat larger
root systems and some leaves, but were still smaller than
were those in the sand-peat substrate with a O cm water

regime.

Wwater Level and Field Established Seedlings
Methods

Seedlings and young L. groenlandicum plants (< 7 years

old) were obtained from Heagherdown in fall, 1947. They
were kept at 5° for 5 days, at 1° for 3 days (with 2
periods at _2° for 2 h) and then at _4° for 30 days. They
were then placed in a 16° day/80 night Trop-Arctic green-
house for 20 days. Nine pots of seedlings were selected,
with 3 being placed in each of a 0 c¢cn, -2 cm and -5 cm

constant water regime (temperature = 25° day/17 night).
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Table 35. Chi-square tests on seedling survival and
number of leaves in relation to high water
levels and 4 different’ substrate types.

Cs Ml Tn St
Initial number ~-
seedlings 10 12 11 13
Number surviving
(\\Observed 7 12 10 9

Expected ‘8.2 9.9 9.1 10.8

Chi-square = 1.01 (prob > .75)

Number live leaves ppt‘l —
Observed . 0 « 15 32 25 1

Expected 13.2 22.8 18.9 17.1

Chi-square 28,60 (prob < .005)

L4

# (s = C. stellatum; M1 = marl, ™Tn = T. nitens, Sf =
S. fuscum

-

8

The position and number Q(b}ive leaves for each L. groen-
landicum plant in every pot was determined at the start
and termination (140 day§ later) of the experiment. While
in the 5° temperature regime, the plants were subjected to
2 extended periods (4 h and 7 h) of temperatures between

40° and 44°, due to a growth chamber malfunction.

- Results®
Plants not put.into any of the water regimes produced
new growth, but appeared to be somewhat affected by the
exposure to 40° temperatures. That stress may have had a

negative influence on the ability of the plants to tolerate

|

| \
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the additional stress of high water levels.

Plant survival was highest in the -5 cm regime,
although there was no significant difference among the
treatments (Table 36). Mortallity in the two wetter regimes
appeared to be largely due to the marked increase in moss
growth (C. stellatum and D. revolvens). Most of the smaller
plants and many of the leaves of larger plants were over-
grown by moss. The plants (and substrates) were collected
from a drier (moist) site where moss growth was normali}
slight.

Many of the surviving plants did not produce new
leaves during the course of the experiment. Either ex-
posure to the elevated temperature lowered their tolerance
to stress from high water levels and/or the over all en-
vironmental regime was not conducive to good growth. The
mature plants in the water level study (page 58) which were
}n the same greenhouse also had a dgcline in growth for all
treatments. Leaf production-was not high in any of the

treatments (Table 37).

Table 36. Mean field established seedling survival in
relation to water level.

4

P = 3.20 (p = .11)

Percent survival (Mean)

Water regime 0 cm -2 cnm -5 cm

Percent survival L8 64 89
Non-sisnificant
ranges (<= .05)
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Table 37. Ratio of live leaves present at the end of the
field cstablished seedlinpg-water level experi-
ment to those at the beginning.

F = 3.84 (p = .,029)

l.oaf numter ratios (enn)

Water recyinme 0O cm -2 cm -5 cm
Ratio (end:berinning) 7Y 1.01 1.12

Non-significant
ranges (o« =.05)

Percent chanre =22 +1 +12

Discussion

Jirh substrate water level does not directly prevent
e
the cstablichment and growth of L. ~roenlanflican seedlinos

Growth iz somcwhat reduced in water saturated recines
however, and root development is very shallow.

The interaction of substrate crheamistry and high watler
content has a major influence on seedling gsrowth, Sced-
lings in the calcarcous and hige pi substrates (2. stellatum
and marl) had mucr less rrowta Lnan those in the acidic and

less nutrient rich substrates (5. fuscun and T. nitens).

The lack of leaf prodaction in trhe £, stollatum sub-g
!
strates may be due to the impact of trnnsﬁlantation ard
moss growtn, or could be indicative of an allelopathic

interaction., As some L. groenlandicun occurred in C. .

stellatum mats in the field, it would appear that the

former is probably the case. The seedlings transplanted
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into the sand-peat substrate probably grew better because
of the more favorable substrate chemistry (acidic and non-

)
calcareous) and the absence of mosses,

o



a VII. GENERAL DISCUSSION

The environmental regime experienced by a plant is not
a constaﬁt; 5ut varies over time and space. In Qrder for a
plant to become established and survive in a given location,
1t must be able to tolerate the entire range of environment-
al variation which occurs at that site. In terms of a
single plant, allogenic variables (e.g. climate, substrate,
other organisms) largely control environmental variation
_over time, while autogenic variables (e.g. growth)
primarily influence the exposure to spatial variation.

.Thus the microenvironment of a seedling is often quite
different from that of the mature plant. The physiological
characteristics of these two phases of the life cycle (as
well as other phases) may consequently be quite different
(Bazzaz 1974).

To assume that a plant's distributional pattern is
solely renerated by the physiological capabilities of the
mature plant is to 1ignore the fact that its life cycle 1is a
continuum, with different phases often experiencing radi-
cally dissimilar environmental regimes. ‘Harper et al.
(1965) found that sqall scales of pattern developed for
three Plantago spp. due to differential germination
occurring in response to variations in substrate micro-
topography. Each species had maximum establishment
occurring under different sets of microtopographical

conditions.

109
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Seed dispersal and germination phases were found to be
of primary importance.in establishing the distributional
patterns of early successional plant populations in
abandoned fields (Raynal and Bazzaz 1973). Working with a
larger scale of pattern, Rlack (1977) showed that the
northern limit of tree line at the tundra-boreal forest
interfaée in North America is gencrated primarily by
characteristics of the seed production, dispersal, germina-

tion and seedling phases of Picea mariana.

The d{gffibutional patterns of species which repro-
duce primarily by vegetative reproduétion are less influ-
enced by the non-mature phases of the life-cycle than are
plants which propagate principally via sexual reproduction,
But even the predominantly vegetative reproducers are
initially dependent on the ability of seed to reach the

site and for successful seedlinr establishment to occure.

Mature Flant Starce

Mature Ledum groerlandicum ic capable of tolerating

the low-peat environments of both poor and rich fen systems.,
High water levels do not limit the survival of the plant as
long as there are portions of the substrate which are
relatively well aerated. This is also the case for Callura
vulegaris, which is found in habitats similar to those in

which L. groerlandicum is found (Gimingham 1960). The plant

1s also able to endure the primary water chemistry of bothn

poor and rich fens. The availability of Fe in the
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“anaerobic portions of rich fen low-peat substrates may

enable L. groenlanditﬁm to survive there. Well aerated

substrates of similar chemistry (high pH and high concen-
L4

trations of Ca and HCO3) are often deleterious to ericads

(Oertli 1963; Lee 1965).

Vegetative spread of L. groenlandicum into the low-

peat communities 1is limited primarily by the plant's growth
pattern rather than by its physiological tolerances. The
plant grows primarily in an upward "direction and does not
possess rhizomes. Conscquently, each plant forms a compact
clurp of stems with little horizontal extension occurring.

When L. croenlandicum forms a relatively closed canopy over

the moss substrates, moss growth is reduced and the shrub's
stems are not engulfed by a moss hummocK. In actively
growinz Sprasnum substrates, shrubs are often hard pressed
to manage more than a cbuple of year's growth emergent from
the moss surface (Bray 1521; Dansereau and Segadas-Vianna

1952; Walter 1973). It is in such situations that vegeta-

&
tive reproduction may often occur for L. groenlandicum, as

the emergent stems become separated from the parent plant

via the death of the buried stems.

Germination and Establishment Stage

Seed production, dispersal, Fermination and initial
seedling establishment stages were not found to be of pri-
mary importéﬁce in limiting the spread of the plant into

low-peat environments. The seed was qulite viable (> 50%
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germination when fresh) and capable of surviving the winter

environment. The presence of L. groenlandicum on small hum-

mock islands in low-peat communities of both pdor and rich
fens indicates that dispersal of viable seed into low-peat
areas does take place. The occurrence of naturally estab-
lished seedlings and young plants of many age classes demon;
strates thét successful reproduction by seed readily occurs
when the requirements are met. Germination and initial seed-
ling establishment also occurred in all low-peat substrates

tested.

Juvenile Stage
The juvenile stage (and established seedling stage)
were found to play a major role in limiting the spread of

L. groenlandicum. Naturally established juvenile plants

(21 year and <4 years) of L. groenlandicum were not ob-

served in low-peat substrates at either Heatherdown or
Nestow. AS 3 year old plants would be readily observed were
they pré&sent, it appears that something prevents the surviv-

al of younp L. groenlandicum plants before the end of their

third prowing season.

The small size of the juvenile plants, cotpled with
their extremely slow growth rates, means that they are sub-
jected to a "secedling" environment for several years. This
environment is located in the upper 3 cm of substrate and
< 1 cm above the substrate surface. Such micro-sites have

a rigorous environmental regime, far more severe than that
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experienced by the mature plant (Norgaard 1951; Bazzaz 1974;
Busby 1976). Prolonging the period spent in this micro-
habitat heightens the probability of mortality due to the
occurrence of extreme climatic conditions. However, in
respect to the temperature and water regimes, the moist low-
peat substrates provide a far more favorable environment
than do the raised-peat substrates.

Substrate chemistry and water content were not found to
be of primary ;mportance in limiting the survival of juvenile
plants in low-peat environments. The Jjuvenile plants had a
similar response to high water levels as did the mature
plants, being cagable of surviving when a poftion of the
substrate was aer%ied. The presence of naturally estgblished
seedlings and juvenile plants on moss mats <1 cm thick and
directly overiﬁying marl suggests that the young planté
manage to obtain enough Fe to survive and to grow in rich

fens despite their shallow root systems. No Fe deficiency

symptoms were observegd "in these plants.

Variables Limiting Seedling-Juvenile Plant Survival

High rates of moss growth are a major variable
influencing the survival of the young plant. Annual growth
rates of many mire bryophytes (Table 38) are usually much

greater than that of L. groerlandicum seedlings. Even under

a favorable temperature and water regime in a greenhouse,
mean height of 4 month old seedlings was only .4 cm. The

influence of moss growth on the survival of vascular plants
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Table 38. Annual growth in length of mosses'which are
dominant in mire systems of’central Canada.

Mean length

increment

Species (cm) Region Source

T. nitens L WA - 1.6 Alberta (Busby 1976)

P. strictum 1.3 - 2.4 Manitoba ' (Longton 1972)

S. Tuscum 1% Manitoba (Reader &
Stewart 1971)

S. fuscum M- 2. Finland pPakgginen

' 197

S. fuscum 1.0 - 1.3 England (Bellamy &
Rieley 1967)

S. fuscum .1 -1.0 Sweden (Sonesson

: 1972)
S. anpustifolium 3.0 - 8.0 England (Clymo 1970)
S. angustifolium 11.6 Germany  (Overbeck &
. Happach 1957)

S. magellanicum 1.0 Norway (Pederson
1975)

S. fuscum 2.1 -21.0 b Heatherdown

S. angustifolium/ .

S. magellanicun 2.2 -22,0 ‘Nestow

A. palustre 2.5 =-21.2  *** Nestow

A

*

Estimated from net annual production values, the range
of which is low for this species. Either the site
sampled was not conducive to growth of S. fuscum

or there was a sampling error. Growth rates of*S.
fuscum similar to those found in other parts of the
northern hemisphere were found at Heatherdown.

*a Based on observations of moss growth around twigs in
the adventitious root experiment (upper range of growth)
and of liverwort covered hummock tops (lower range of
growth). Growth measured (with wires inserted in the
mois) during the month of April, 1978, ranged from 0 to
0.4 cm.

*¥a%  Growth produced during the months of May and June, 1978,
measured by wires inserted into the moss.
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(voth seedling-juvehile and mafure stages) E?s been noted by
other researchers (ﬁray 1921; Walter 1973; Black 1976). |
The major variable controlling moss growth and product-
jon is water availability (Clymo 1970, Busby 1976, Vitt and
Pakarinen 1977). Due to the accumulation of peat in a low-
peat area, the moss mat surface is gradually raised higher
above the primary watef level. As increasingly drier condi-
tions develop, the growth rates of the low-peat moss species

(Drepanocladus, Campylium, Scorpidium) decrease and Sther

moss species, more tolerant of ‘drier environments, become

established (Tomenthypnum, Aulacominium, Sphagnum). As these
invading bfyopﬁyte species have higher growth rates in wetter
environments (Clymo 1973; Vitt and Pakarinen 1977), there
would not be much of a chance for seedlings of L. groen-
“landicum to get successfully established during the transi-
tional stage from low-peat to raised-peat systeéms. Success-

ful establishment of L. groenlandicum in undisturbed por-

tions of mires would be limited until the growth rate of the
raised-peat bryophytes is reduced (via the upward accumula-
tion of peat). Thus the plant is largely absent from young
raised-peat hummocks, but is prevalent in the older raised-

peat areas where moss growth rates are reduced to the point

that L. groenlandicum seedlings and juvenile plants can suc-
cessfully compete. Substrate surfaces are more diversified
in raised-peat areas than they are in low-peat, and may thus
contain a greater array of potentidl micro-sites for seedling

establishment (Bray 1921).

"
yall
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There are two observations which further substantiate

the influence of noss growth rates on L. groenlandicum. One

1s that several mires in the study region have young raised-
peat areas (dominated bylﬁf‘nalustre) in which numerous

isolated young raised-peat hummocks of S. angustifolium and

S. magellanicum occur. Ledum groenlandicum is quite prom-

inent on these Sohapnum hummocks. Jeglum (1972) also
observed similar hummoéks in Saskatchewan and fouhd that
fallen trees and stumps acted as sites of origin for such
hummocks. The substrate surface resulting from a tree fall
would primarily be exposed peat rather than a layer of
1ivingAmoss, and would have a large number of different
micro-habitats which would be conducive to the successful

establishment of L. groenlandicum. The re-establishment of

mosses in such a site evidently is not rapid enough to

prevent the development of L. grocnlandicum to the stage

(>5 years) where its growth rate would equal or exceed that
of the Sphagnum species which eventually form the hummock.

The presence of L. groenlandicum in such actively growing

Sphagnum hummocks is in contréﬁt to the absence of the plant
in equally productive Sphagnum hummocks which have develr..
directly from non-disturbed moss mats in low-peat areas.

The second observation deals with the seedlings and

Juvenile plants of L. groenlandicum that occurred in certai

transitional low-peat areas (raised-marl, probably a dis-

turbed site) where moss growth was greatly reduced
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(pages 71 ahd 106). The seedlings and juvenile plants were
relatively abundant in such sites and apparently were capable
of outgrowing the mosses. Wwhen seedlings and juvenile
plants, along with the moss-marl substrate, werc transplanted
to a greenhouse and were placed in a. higher water level
regime than that which they normally expeq}enced in the

field, the moss mat began to Frow rapidly and soon engulfed

most of the smaller seedlings of L. rroenlandicun that were
present.

It would appear that the raised marl site is too 'dry"
for the rapid growth and establishment of the low-peat mosS
species. Thus thes> substrate there is primarily expgsed marl,
with a few thin and scattered mats of low-peat moOSsSeES (where

the L. sroenlandicun seedliness and juvenile plants are

jocated). The absence of raised-peat bryophytes indicates
that they are probably not capable of directly invading bare
marl surfacese Thercfore, they are excluded fron that site

until a thicker and more extensive peat layer is developed

by the low-peat MOSSCT. In this case, Ledunm Froenlandicun
is capable of invadine the site because competition from

the bryophyte species 1s larrely elininated.

Both of threce examples arc in contrast to tne theory
that perturbations tend to cause a recsression in successional
processes (the derree of the regression depending on the
degree of porturbation) (¥cliaurshton and YWolf 1973). Per-
turbations in earlier successional stages may allow for an

invasion of L. rroenlandicum (as well as Sphagnun




118

and other raised-peat species) into younger successional

communities, consequently leading to an acceleration of the

successional process.

In water saturated substrates, fall and spring freeze-

thaw cycles may also limit sur ival, Lg@um groenlandicum
seedlings are small and delzbéze and would be easily damaged
by such actiuitxi Mortality of P. mariana seedlings in wet
substrates due to freeze-thaw phenomena has been observed
(Black 1977). But extensive areas of low-peat substrates

occur which are not water saturated in the Heatherdown and

Nestow fens. As P, mariana and Larix laricina seedlings
were frequently observed in such sites at Heatherdown Fen,ﬂ)

it i% probable that seedlins mortality of L. rroenlandicum

due to ice formation does not occur at thosc sites either.
In addition to mortality due to frost heaving, seedling

root systems in water saturated substrates are very super-

ficial. Such seedlinrs would be quite vulnerable to the

hot dry periods which occur every summer. Periods of high

water levels would also be quite damaging because of the

lack of support from the shallow roots,

Like Erica tctralix (Sheikh 1970), Ledunm groenlandicum

is capable of tolerating low levels of mineral nutrients
(which may be related to its slow seedliﬁg growth rate) and
1s able to survive in substrates with low nutrient levels,
It thereby avoids competition from faster growing and more
nutrient demandine species. laximun volumetric concentra-

tions of exchanrenble Ca in thne uprer 20 cm of the raised
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péat substrates are only 1/3 that of the lowest value found
in loam soils (Luvisol) (Table 39). Railsed-peat substrates
also contain less Ca than do most sandy solls (Luvisoi),
although the range of concentrations overlap. The volumetric
concentration of 1! is similar in both soils, but the C:N
ratio indicates that much of the N in the raised-peats may

be unavailable.,

Ledum groenlandicum is thus a plant with a limited

ability to compete in environments other than those of
mature raised-peat systems in mires. The plant is capable
of tolerating the abiotic environmental regime of low-peat
communities (except the continually water saturated areas)
in both rich and poor fen systéms, bﬁt is excluded from

such environments primariiy because of;its extremely slow
seedlin- prowth rate and small seedling size. The limited
ability of the mature plant to spread horizontally via vege-
tative means also 1limits the plant's distribution. It is.
largely absent from non-mire environments for the same
reasons, and also because such environments are often tco
dry for the survival of the seedling and juvénile plants.
The raiesed-peat s5ubstrates of mires are a refuge rather than

a preferred environment for L. ~roenlandicumn.

The characteristics of L. groenlandicum's sexual repro-

duction bliology are similar to thosc¢ of a fugitive species.
The production of large numbers of wind dispersed seed
capable of initial establishment under a wide range of sub-

stratc characteristics would be expected of a plant

[ L WP T
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Table 39. Comparison of volumetric content of nitrogcn
and exchanreable Ca in the top 20 cm-of
raised-peat substrates and mineral soils in
central Alberta. .
— .}
Ca N C:N
Substrate (meq_dm=3) (g dm=3)
Ralsed-peat 1-18 5-2.7%  16-94*
Luvisol (sand)** 6-43 |
Luvisol (loam)** 52-420  .4-3.8 8-17

/__\
* from Gardner 1967
## fprom Lindsay et al. (1968) and Twardy and Lindsay (1971)

[ 4
dependent ok "fleeting" habltats for successful esfablish-
ment by seed. The slow growth rate and hish moistyre
requirement of the seedlings severely limit establighment
to certain fleeting habitats, however. Moist sites which
require a long period to become revegetated would be
favorable, which is often the case in northern environments,
particularly in mires (Lutz 1956; Scotter 1964; Black 1977).

Because of the small seedling size and)fheir patchy
occurrence (in non-disturbed mires), seedlings of L. groen-
landicum are probably ofteﬁ overlooked and assumed to be
absent. This is the case for many ericaceous species., EEven
when looking specifically for the seedlings, it is often
difficult to find them, particularly in mires (Bray 1921).
In an intensive study on revegetation of burned heaths,

Hansen (1964) frequently observed seedlings of several
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species that had previousfy been reported to only rarely
occur,

The relatively high numbers of L. groenlandicum

secdlings occurring in disturbed areas of mires indicates
that successful seedling establishment readily occurs when
a "favorable" environment is encountered. Cblonization of
small scale disturbances (such as at the base of fallen
trees) within a mire co;munity thus serves as a means of

replacing those mature plants which may die and of increas-

ing the genetic diversity of the L. groenlandicum population

present in that community, as well as becdding established
in successionally younger areas of the mire., Due to the
large amount of seed produced annually, there is a high
probability that seed will reach the majority of disturbed
areas within a given mire system, SucQ seed saturation of
local available sites would maxsmize the number of new
plants established and assure that some seedling recruitment

would occur annually. Large scale disturbances (e.g. fire,

logping) would also be important in terms of providing a
favorable environment for the successful establishment of
seedlinfs.

Successional ppdéésées in mire systems occur slowly.
Perturbations {e.g. fire) often prolong the various develop-
mental stapges, sometimes almost indefinitely (Moss 1955;
Karlin 1975). Once established in such a system, L. groen-
Laﬁdicum would be likely to experience a fairly lengthy

period of survival., The ability of the mature plant to
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survive fires (and other disturbances) by means of the
buried stems further decreases the need for frequ&%t suc-
cessful reproduction by seed.

The plant's longevity and low light requirements for
photosynthesis enahle it to endure in forested areas,
especially in the boreal Picea-Feather moss forests, which
often culminate mire succession in central Canada. The

reduced ground cover of L. groenlandicum in stands with a *

relatively closed canopy indicate that the plant is not
thriving in such an environment (Bray 1921; la Roi 1967).
But many plants do survive, and with the advent of a

disturbance L. rroenlandicum i{s able to recolonize the

disturbed area fairly rapidly via sprouting and seedling
establishment,

The plant's cold hardiness characteristics also
enable it to successfuly compete in mire systems, which are
usually much cooler than are the adjacent upland areas

(Norgaard 1951, Joyal 1972). The faCt that the minimum

O
survival temperature in the summer 1s = -9 (Wilkinson
1977) suggests that the nprthern 1imit of the plant may
not be due to-the charqcteristfcs of the mature plant.

Some preliminary data shouw that scedlings of Le rroenlandi-

cum are killed by rapid exposure to -4 , while those of L.
palustre survived. While these data are preliminary, they

indicate one possible reason why L. proenlandicun has a

more southern distribution than does L. palustre.

The spread of L. rroenlandicum into non-mire systems
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would be limited by the slow growth rate of the seedlings
and the high moisture requirement for germination and

initial establishment. Communities dominated by deciduous
trees would not be likely sites for successful establish-
pent. The annual shedding of leaves would cover and kill
/

\ any L. groenlandicum seedlings establighed during that

growing season. The presence of L. groenlandicum in stands

dominatedrby deciduous trees indicates either that the
forest has invaded a peatland community, or that a major
disturbance (e.g. a severe fire) occurred which did not
allow a rapid recovery of the vegetation.

The restricted distribution of some mlant species to
certain harsh habitats is postulated to be abe to the ina-
bility of such species to successfully compete ln_more
favorable environments (Walter 1973). This 1is the case

with L. groenlandicum, with seedling and juvenile estak-

lishment being the limitin. phases in its competitive

ability in more favorable (for other species) environments,
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APPENDIX I

Legal Descriptions of Study Site Locations

Legal description (quarter, section - township - range-

meridian):

Heatherdown:

Nestow:

rW2k-53-2-W5 (The study site was largely
situated in the southeast quadrant of

the NW quarter.)

SW3l-60-2L444 (The study site was located
about 300 m north of a dump ground and
13 m east of the road. The dump ground 1is

roughly 1.5 km south of Nestow.
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Appendix II

Soil and Water Analysis Lab Facilities

Soils

John Konwicki (technician)
Soils Debartment
Uniyersyty of Alberta

(samgles were diluted with 1% lanthanum oxide)

Water

G. Hutchinson (technician)
Zoology Department

University of Alberta

139

LR



140

Appendix III
Composition of Buffer Solutions
Used in Germination-pH Study

'
Buffer Composition

pH 3.5 250 m1 .05 M KHoPOy

e 1ml N HCl
PH 5.5 %@50 ml .05 M KHpPO
‘ 8 ml .05 M KyHPO),
pH 7.5 250 ml .05 M K HPO,,
" 60 m1 .05 K KH,PO,
pH 8.5 250 ml .05 M K,HPO




