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Frontispiece

Empetrum eamesii Fern. & Wieg.



~ Abstract

. Empclmm nigrum L is a common evergreen shrub in Newloundlnnd where

it forms 0 b coastnl heathland Empdlrum camesu Fem &

Wieg. is an_endemic to the Gulf of St. Lawrence and is most abundant in’
Ne\vfoundland; this dwarf shrub species [orn;s subarctic-heath communities on the
most elevated and windswept areas in Newfoundland.

A comparative autecological study was undertakef for these two Empetrunn

_species on the eastern Avalon Peninsula. Although E. nigrum has been studied -

' extensively, little is known ecologically of E. en;nesii. Iinvestigated phenology,

hoot gro\\th ination success and of both Empetrum sper‘{es

habi
Mtempts were mnde to relate these \annbles to the dlstnbutmn patterns of £.
nigrum-and E. mme.m on the .»\vslon Peninsula.

y Phenological development o[ the two specics coincided. dhe bloommg penod
occurred from m|d- to late April nnd was followed by fruit formuhon from the

begmnmg to late May. Frult ‘maturation was initiated at the beginning of July

.and all development ceased in mid-late Apgust. €
Shoot growth was slgmrcn%ﬂ greater for E. nigrum in both theé field and
g'reenhouse monitoring pmgrnms The mean annual growth of E. mgrum in the
field was 15 0- mm‘and in the greenhouse 77.5 mm. E. eamesii grew less than E.
nigrum, and measurements were carried out only in the field for E. eamesii since

propagation of this species in the greenhouse was unsuccessful. The mean annual

_shoot growth of E. eamesii was 8.5 mm. The differences were related to

& e

Such as windspeed and soil nutrient availability at the




S Germinati ériments conducted in the | y.showed that E:
earneésii had an overall sl;mﬁclndy g'reatel genmn(hon success than E. mmm

at 10° and 5°C. This may be related to i.he variation in sites lnd mxcrohnbmh

. Both E. nigrum and E. eamesii had optimal germination at 25°C.
A Discriminant Funetion Analysis was performed on the microhabitat
variables. The microhabitat differences were found u; be generated from an

cxposure ya{dient, that is windspeed and elevation. contributed the most to

il

interspecific variation. The remaining microhabitat variables, “air and soil
temperature, available soil putrients, soil pH, and organic matter concentrugion of

. . ¥ .
the soil contributed little to the interspecific difference between E) ni'grum‘nnd E.

eamesii. - .

* Astepwise Multiple R i rmegd to explun the distributions of
s . E. nigrum and E. eamesii based on theu lbnndnnce and microhabitat variables. -
A o A regression for E. eamesii showed wmdsp!ed to bc negahvely rehted to

. abundance. These results indicate that wmdspeed is a major factor mﬂuencmg to

* Empetrum distribution on the Avalon Penmsuls, Empelrum nigrum grows in
relatively more protected areas, whereas E. eu;nux'i oclcurs in more exposed and

windswept sites.  »




- juillet’ et se urmmut entre la mi-aoit et la fin d’aoit.

Resume

Empelrum nigrum L. est un uhuste eommm i Tem,-Ne\lve, ot il fofme

de vastes communautés au voisinage des cotes. Empetmm eamesit Fern & Wleg

-est endéquue du golfe du St-Laurent et poluse aussi en abdndance 3 Terre-

Neuve, lpnis cette espéce forme une commmuuté de lande snbarctique, dans les
égions les i;[us élevées et.venteuses de I'ile. Une étude comparative a été menée
sur I'auto-écologie des deux espéces sur la péninsule d’Avalon. Quoique E. nigrum

ait été bien étudié , E. eamza{;‘ demeure mal connu du poi‘nlvde vue écologique.

La phénolpgie, la f desnges,la inatio et le jcrohabil desdeu‘x
4 .

A

espéces sont examinées et mises en relanon avec la répnrmlon de chaque espéce

sur lapéninsule d’Avalon. R . %

Les deux espéces ‘avaient un dével p hénologique identique. La ) B
floraison s’est produite de la mi-avril 4 'la fin d’avril, suivie par la formation des

fruits du débuf & la fin de mai. La maturation des fruits débutait au début de

LA croissance du tiges de E. nigrum était significativement plus élévée,
lan; sur le ten'nn_qn ‘en serre. La cro)ssnn.ce moyenne annuelle de E. nigrum e’uit
de lS‘.O}r\Lm sur [e terrain, et de 77.5 mm en serre. Les tiges de E. eamesii ont
été mesuréu\‘s‘gulement sur terrain vu qﬁe sa propagntion en serre n'a pas été

I'espéee a moins allongé que E. nigrum. La cron.ssnnce moyénne de E.

e 1 émt de 85 mm. Les différenees des sltes ément reliées aux conditions de
r‘nierohabxtat telles que la vitesse di vent et la disponibilité nutnmenu du sol.
¢ .-Empelrum eamesii a°eu une iérminntion plus élevée que E. nigrum &’ 19°

etd 5°C. Ceci est. peu“étre relié & la variation de; sites et, des microhabitats. La




germux‘ahoq msxnmn‘ie ‘de E. mgrum et de E. egmesii a eté sttemte A 25°C.
Une analyse dlscnmmante a été menée sur Jes vanabla de mlcrohahllat
La vitesse du vent et I'élévation conmbumt le plus 4 la variation mterspecxﬁque,
les d)ﬂerences de mlcmhahltat sont genérees par un gradient.d’exposition. Les
autres variables de jmicrohabimt contribuaient trés peu aux difl:éren'ces
inte}spécifiques de E. nigrum et de E. eamesii; température atmosphérique et du
so}, nutriments dispon@les du sol, pH du sol et contenu de:ma?i'ere organique du
so). ‘ <

Une regressxon mulnple a été menée sur E. mgrum et E. enmesn pamr
de leur nbond:\ncs et des vnrmbles de mlcmhnbltut pour expliquer leur
répartition. La régressxm de E eamesii, montre une relation négative entre la
vitesse du vent eml nbondance de I' espece Ces resultats mdlquent que la vitesse
du vent est un ‘Tacteur majeur qui inflhence la répartition de Empetrum sur la
pénin;ule d‘Avalu;a. E. nigrum poulsse dans des régions relativement plus abritées

que E. eamesii; celle-ci pousse dans des aires trés exposées et venteuses.
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Chapt;ér 1 .

. " Introduction
: iz
1.1..Research Objectives
Empetrum nigrum Lhu been the subject of detailed ecologicale
phytosociological and taxonomic studies (Ahti 1959, Barclay-Estrup and Nuttalk
1974, Barendregt 1082, Bell 1969, Bell and Tallis 1973, 1974, Blackburn 1039,
Dalby lﬂ}il, De Smidt 1977, Fcl_'ﬂ.l\]d and Wiegand 1913, Flower-Ellis 1973, Good
1927, Grantner 1977, Hansen 1076, Lindholm 1980, Love and Léve 195?,. Meades
1083, Soi:er and Voss 1964). Most studies of E. eamesii Fern. & Wieg. have dealt
" with its taxonomic position in the Empetrum nigrum complex (Fernald 1902,
Fernald and \\"ic.gznd ll?l.’!, Good 1927, and Love and Léve 1959). Little is -
“known about the habitat requirements of E. eamesii, prol‘)ably because of its
mare l;es!riéled distribution ns an endemic to the Gulf of St. Lawrence\tq;iom
Damman (1965, 1976) included E. eamesii {n the'uctic—alping element in
Newfoundland. He speculated lhal it was n.hsent from the NE coast of
Newfoundland due to relatively higher summer temperatures. Meades (1983) .
provided a general habitat classification l‘or Newfoundlgpd heaths, in which £.
i eamesii is a differential specles for the Alpine Heath lype These studies suggcsz

_7\ that although the morphological features of E. nigrum and E. zamem are very

snmn]ar, the:r habitat requnremenu are distinct. Although the dlstmctnus ol' the




habitats has been noted, no research has been undertaken'to study the

microhabitat differenges of E. nigrum and E. egmésii. The hypothesis tested
here is that the microhabitats of the two species are sufficiently different to
require specific adaptations with respect to physiology, phenology and
germination. Therefore the objectives of the study afe:

1. Toi i ifie diffe in terms of phenological

d\cvelopment shoot clongatmn and seed germination that may bé
b .

s

2 To investigate and compare the distribution gatterns of both :pm ies -
on the Avalon Ponmsum. in relation to microhabitat.

This is a comparative study of the autecology of both E. nigrum and £. Yy
eamesii on the Avalon Peninsula of Newfoundland. Autecology is defined by
Mucller-Dombois and Ellenberg (1074) as the ecological study at or below the
level of a species. Phenological observations can be part of such studies, which I

“may be helpful in detecting environmental controls on the seasonal patterns of*

plant development (Dierschke 1972, Nams and Freedman 1987a). This requires |

of micro-envi factors that directly or indirectly affect the

growth.ond establishment of a plant in a particulgjregion. Such an approach has
been widely applied in autecological studies of various tundra plant species
(McGraw 1985, Nams and Freedman 1087b, Nictfcld-Nams 1980, 1681, Teeri
1074, Wijki1986a, 1986b). . .

In Newfoundland few autecological studies have been undertaken. The Ju\f

tic-al

pine species Diap ica L. was studied intensively by Day (1078) .

and Day and Scott (1981, 1084), and a few boreal species have also been

investigated, Pinus resinosa Ait. (Roberts 1085) and Rubus chamaemorus™

L. (Savory 1981). . ot




I Bt S The disiribution of E. nigrim is cireummpolar (Bell'and Tallis 1073), and the
species is found throughout Newloundland (Fig. 1-1) (Porsild 1957, Rouleau, 1078,
& Scoggan 1978, Soper and Maycock 1003).

In contrast, E. dimesii is endemic to the Gulf of St. Lawrence (Fenald

1950, Scoggan 1978). It'is reported from Nova Scotia (Cape Breton Island), St.

= Pierre and Miquelon, té North Shore of Quebec, south-east Labrador, and

. Newfoundland (Fernald 1950, Rouleau 1078, Scoggan 1078). In Nesefoundland, E.
eamesii is especially abundant on the west coast in the Long Range Mountains

sula, in the Avalon

and it IS also found in three areas.on the Avalon Peni
Wilderness Area, on the isthmus, and oi the nawfé Hill (Fig. 1-1). .

. For the purpose of this study, the taxonomy of Empetrum follows Fernald
{1950). Biiere fhowerss; no gasral sotsensus on the taxonomy of the
Empetrum nigrum group, although E. n.igrum and E. eamesii have distinct
morphological characteristics. Their general habit has been described as creeping,
ok, o Py Gtay Srir S eet awaF Lahiviba (Barclay-Estrup and Nuttall,__
1874, Fernald 1950). The distingnishing features of the species are: E. nigrum is
procumbent and spreading, with ereeping branches, has glandular non-tomentose
leaves, and black fruit, while £ comesiiis prostrate with on-glandular leaves, &
white-tomentose branchlets and pmk to light red fruits (Ferrald 1950) 3

Two other Binpelrum species are recorded for Newfoundland: . Empetrum

atropurpureum Fern..&-Wie\g. and E. hermaphroditum (Lge) Hagerup.
Empetrum atropurpureum bas a distribution that coincides with that of E.

eamesii in the Gulf of St. Lawrence.and has also been recorded in Prince Edward




.
Figure 1-1: Distribution of Empetrum nigrum'and
R E. eamesii in Newfoundland
(after Meades 1983){ ’







.
young; 2) purplish-black, oval fruits (Fernald and Wiegand 1013).

Island (Fernald 1950). b Newfoundland, it is found mainly along the

‘northeastern coast (Damman 1976, 1983)A2The distinctive morphological

characters of E. alrap@cum are: l);tomentuse leaves and branchlets when

FEmpetrum hermaphroditum, has a circumpolar distribution; it has been ¢

s v
recorded from the Avalon Peninsula of Newfoundland. This shrub has polyg:

and monoecious flowers, its young shoots are green and not trailing, and' the -
? leaves are relaiively broader than for £. nigrum (Hagerup 1027, Léve and Léve

1959). It produdes the same shape and colour fruits as E. nigrum.

+ 1.3. Research Approach

The selection of the study sites was larg?‘ly ‘based on the general description
of the habitats of E. nigrum and E. eamesii by Meades’anss]. Empetrum
nigrum sites (1-5) (Fig. 1-2) weré_ }ound along the coas_v.y where few tr'ee§ oceur and
where Vaccinium angusti folium Ait. and V. vitis-idaea L. gra{v abundantly.

.Empelrum‘eamesii sites (6-10) were found in an alpine area on the Avalon 5

Peninsula. These sites were more exposed; consisting mainly of tocks with little
vegetation cover. Empetrum nigrum sites did not have E. eamesii and vice-versa:

" with the exception of the mixed site (11) where sympatric populations were

" studied for the gcrmination‘experiments. ! !

‘The study focuses on the microhabitat aspects of E. nigrum and E. eamesii

. in relation to their distribution on the‘Avalon Peninisula. The microhabitat will be T

analysed in terms of its effects on the phenoldgical developrnent, shoot growth and

germination performance of both Empetrum species. This will demonstrate to '

what extent microhabitat differences are important to the establishment and
- g d







: Figure 1-2: Locations of the study sites on the'Avalon
Peninsula, Newfoundland. i
Empetrum nigrum Locations ’ ’
S Site 1 = Cape St. Francis
Site 2 = Red Head
” Site 3 = Torhny He’ad
Sxte 4= Blackhead s " .
Slte 5 = Gallows Love \
Empe;rum eamesii Locations : %
Site 6 = Bay Bulls Junction
s Site 7 = Hawke Hills, on top of‘ the
. - second ridge
3 Site 8 = Hawke Hills, on the lower section
of the second ridge p
. Site 9. = Ilawke Hllls at the back of the
* first ridge
4 Site 10 = Hawke Hills, on the front of thé

first ridge

Mixed Site (11) = Hawke Hills
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’ Chapter 2
Description of the Avalon Peninsula
and the Study Sites

<«
2.1. General Description of the Avalon Peninsula

2.1.1. Geology and Physiography

The physiograply of the Avilon Peninsula is discr@ed by MacClinfock and
Twenhofel (1040) and Roberts (1983), ¥lassified as the ‘Eastern Upland. The
|:mgls('ﬂ.pe of this region is a hummocky’, rolling plateau. Podzols are th: most
¢ommon soil group of the Avalon Pe;\insula, covering 77% of the area. These a;e
“* well- to moderately-drained,_acidic soils derived from a parent r:naterial of very
stony glacial till (Heringa 1981, Rogerson and Tucker 1672).

Cryoturbation greatly affects thc{ﬁ{\ty of ihe soil, which in turn restricts
thigeatiblishineat ot plante ities, The types of d gronnd rom\:on

the Avalon Peninsula are descri?)ed,‘by Henderson (1968). Sorted stripes and

polygons (Washburn 1956) were found at the E. eamesii study sites at the Hawke
- .
Hills, whereas the E. nigrum dominated heaths were found on the coast, mostly
on soliflugted slopes and hummocl‘(y terrain (Fig. 1-2).
o g

N
)




+2.1.2. Climate

= - The himate of Newfoundland is &nnic and is influenced by the cold
-
Labrador current. The climate throughout the island is extremely variable and

localized and influenced by Newfoundland's rugged topography. Climatic factors

such as temperature, precipitation and wind, are important in determining the
distribution of arctic-alpine plants (Dahl 1951). ’

. A-phenomenon that affects the Island's temperature is the presence of pack-
ice in late winter (March - April) ‘along coastal Newfoundland. This delays the
spring season by keeping sea temperatures close to the‘l’reezing point until late
May (Hare 1952), lowering air temperature and delaying the beginning of the
groving seson, . e

The northern part of the Avalon Peninsula (St. John's area and Bay de

Verde Peninsula) is considered to have the strongest maritime influence, with no

extremes in winter and summer temperatures (Banfield 1981, 1083). The Atalon R
Peninsula is one of the regions of Newfoundland that has the earliest rise of mean
daily air temperature to 0°C and the latest (ca second weck‘ of December)”
decrease in mean daily air temperature to 0°C. Temperatures recorded for the'
coldest and warmest months are presented in Table 2-1. Frequent cloud cover

and fog is ible for keeping low.y,

The Avalon Peninsula receives the highest rainfall in Newfoundland, with a

mean annual total of about 150 em . Approxi ly half of this precipitation falls

between November and March, averaging 200 cm of snow for the whole of the

Avalon Peninsula and 350 cm for the St. John's area. The now cover is

- intermittent in the region, especially at high altitudes, such as the Hawke Hills




Table:2-1: Daily mean air temperature (°C) at the -
St John's Airport, from Banfield (1081).

‘l ‘

Month Maximum Minimum
,
January -038 -7.0
July . 20.1 ‘104
/ K .
3
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‘. where snoy caver was " istent on wind-bl tops of knolls and

‘ndges during the held season 1985-1986.

" Wind greafly affects temperature and snow cover. In areas with low
temperatures and little snow cover, plants are subject to severe desiccation
(Tiffney 19172'.v0,n the Avalon Peninsula, would blow mainly: from a SW-W

direction. L

2.1.3. Vegetation

The vegetation of the Avalon Peninsula is mainly represented by Maritime
Barrens. Howeyer, 4 small section, the southern part of the Avalon Peninsula and
the northern tip of Bay de Verde Peninsula, consists of Hyper—Occnmc Barrens
(Damman 1983). The sludy sites are all included in H\e Maritime Barrens, '
specifically in dwarf shrub heaths. ‘The Maritime Barrens ecoregion is
chamctcnzcd by dwarf shrub heath, bogs and fens. Only a small portion of the
Avalon Peninsula is covered by forest, mam&n valleys and on slopes. -

The flora ol these barrens changes along a gradient of severity of exposure,

mostly indicative. of snov® accimulation. The dominait species of the dwarf shrub

heath in the less exposed regions is Kalmia angusti folia L., followed by

Rhododendron canad (L.) Torr., inium angusti folium and the moss
) Pleurozium nchr.‘,ibzri,(Brid.) Mitt. owever, in the more exposed areas K.
.angusli folia is replaced by Empetrum nigrum and Vnc:ﬂim'um vitis-idaea.
The Empetrum heath of Newfoundland, classified by Meades (1983), is
dominated by E. nigrum a:_xd E. eamesii. However, Meades (1983) distinguishes
the Alpine Heath type as dominated by E. eamesii and representative of alpine

barrens. Empetrum nigrum dominated heaths are found mainly on the south

o




coast of as ibed for the itime Barrens. In the southern

extremities of the Avalon Peninsula, the Empetrum heath is located on wi;xds‘wepl.
inland ridges. It is also found on severely exposed coastal h;adlmds along the
eastern coast of the Avak';n Peninsula, including the Bay de Verde Peninsula.

The Empetrum heath community is further replaced on the most severely
exposed ridges by the Alpine heath community in which E. 'enmm‘l' is the

dominant species, along with the arctic-alpine species Diapensia ¢ ica and

Loiseleuria procumbens (L.) Desv. (Meades 1083). The Alpine heath has its most

dand is

extensive range in the Long Range M ins in western N
restricted to a few areas on the Avalon Peninsula. These are located at the .
southern end of Conception Bay on the Hawke Hills,‘in the Avalon Wilderness
Area and on the isthmus of the Peninsula.

The Hyper-Oceéanic Barrens :co;cgi?n is represented b).' coastal barrens
without forest cover but have krummholz. This ecoregion also includes moss-
lichen carpets and blanket bogs (Damman 1983). The Hyper-Oceanic Barrens are
the most oceanic part of Newfoundland, with mild winters and cool summers
where the fog is most persistent. Arctic-alpine species are common in this

ecoregion due to low summer temperatures (Damman 1065, 1983).

2.2. Deseription of Study Sites

“The study sites were located in the eastern Avalon Peninsula,.Newl‘oundlind
(Fig. 1-2). Selection of vthe study sites was based on Lhe‘dominnnc’e of Empelru;n
and the homogeneity of the vegetation o‘l the sites at the chosen locations. Five
sites were chosen for each species (wtn-l n = 10sites) in which five (1 X 1 m) plots

per site were established and monitored.
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2.2.1..Empetrum nigrum Sites '
\

Figure 2-1 shows typical E.-siigrum sites on the Avalon Peninsula. These
sites (1-5) consisted of exposed coastal headlands with E. nigram as the dominant
species. The sites measured between 300 to 2000 m?. The vegetation cover
rifged between 60 to 98%, with the remaining cover made up of rocks and
mineral soil. The plant communities of these E. nigrum dominated sites copsisted

L]

of Juniperus communis L., Vaccinium angusti folium, V. vitis-idaea,

Deschampsia flezuosa (L.) Trin., and Cladonia spp. along with scattered clumps

of Abies (L.) Mill. The mi aphy is b ky, formed by
solifluction, ind underlain by well-drained soils. The elevation of the study sites

ranged from 30 to 140 m, and they had a N and NE aspect.

2.2.2. Empetrum eamesii Sites \
’ . %
Because of the rarity of the Alpine heath‘community on the Avalon '
Plninsuln, all of the E. eamesii dominated sites were selected from the relatively

= -
accessible Hawke Hills. /

. -
Figure 2-2 shows the two ridges of the Hawke Hills with a fpical plant

. ' N
community dominated by E. eamesii along with Loiseleuria procumbens. These

* sites were selected on top of ridges and knolls, and measured between'510 and 840

m?, The vegetation cover at these sites (6-10) was low, 10 to 15%, with the

remainder of the sites covered by rocks and gravel. Plant species associated with -

these alpine ities include los alpina (L.) Spreng., L.
P be D. i illa tridentata Ait., the moss Rhacomitrium
lanuginosum (Hedw.) Brid. and a lichen Cladonia’sp. 5

p . .

Empetrum nigrum occurred in ‘the vicinity of the sites at the flawke Iills in.
W ’ a




Figure 2-1: Constal heathland dominated by Empetrum nigrum
and Deschampsia flexuosa at Torbay Head
(site 3), on the Avalon Peninsula.
»







more sheltered mlclohlhlllﬁ but not direetly in the E. eamesii study sites.”
Empetrim mmuu did not occur in !he coastal sites of E. nigrum (1-5).

High wind velocities occur atvhlgh elevation and across exposed 'ban'en: such
as r.h.e Hawke Hills area. Windspeeds recorded by Newfoundland and Labrador
Hydro {Anonymous 1981) at the top of the Hawke Hills, show a mean monthly
windspeed of ca 33 km h™ (June 1979 - March 1982, and June 1983 - April 1084).
The St. John's Airport (Monthly Reports) recorded meaf windspeeds, for the
same time period of 23 km h!. .

Cryolurbnllon reatures are prominent at these sncs and the soils are well-
drained. The elevation nI' these sites ranged from 280 to 370 m, and the sites had

a N and NE aspect.

2.2.3. Mixed Site

This slte (site 11) had a mixture of both species E. mgh{n and E. eamesii. -
The site was located on exposed barrens at the Hawke Hills and m:-asnred 380 m*.
The plant community consisted of Kalmia angustifolia 1, Vaccinium %
angustifolium, V. vilis-idaca, Lariz laricina-(DuRoi) K. Koch, the moss R.
lanuginosum :nu'd the Iifherf Cladonia spp. The vegetation cover was ca 70% with
the remaining cover made up of rocks and mineral soil. The microtopography is

hummocky at an elevation of 200 m on a NE facing slope.

>




Flgur: 2-2: "Alpine heath habitat dominated by Empetrum
eamesii and Diapensia lapponica at the
> . Hawke Hills, on the Avalon Peninsula.







Chapter 3
‘Methods and Materials . )

Sampligg was carried out during the fall (mid-November) of 1985 to the end
3 ; *

of August 1086 and from April to August 1087.

3.1. Abundance of Empetrum

The abundance of E. nigrum and E. eamesii was estimated by percent
3 -~

cover, for each 1 m? plot, for all sites. . w

:3.2. Phenological Observations \
Phenological observations of both species of Enfpetrum were initiated at the
onset of flowering, in late April (27 April 1986 and 21 April 1987) and terminat*
once the fruit had ripened, at the end of August. Tl?e dates of the following -
observations were recorded for each species at all sites throughout the jg¢mwing
season: blooming period, fruit and seed formation, colour ch:fnges of fruits and
foliage. B} <z ’
The blooming period in this instance is defined as the beginning of floral
expansion to the falling off of petal;. Ft;llowing this stage; once pollination
occ)li'red, fruit formation, defined as the expansion of the ovary, started. The
maturation of seeds was verified by {reaking open fruits at all sites and chec}\'ing

for the formation of a hard testa.




Celour changes of fruit and foliage is a gradual process, so dates were
recorded once the fruit changed from a green to a mature colour, black for E.
nigrum and pink for E. eamesii.. The colour change of the foliage were noted

once it started to change from a green to a brown colour.
3.3. Shoot Elongation

3.3.1. Field Shoot Measurement

Shoot growth was recorded for all sampling sites to assess seasonal growth of
the two species. Four shoots per plot (five shoots per plot in 1980) for all sites
were randomly selected, numbered and the stems marked. Measurement of shoot
clongation, was from the top of the mark to the top of the uppermost leaves of
the stem. Shoot lcr!gths were measured usiig a vernier caliper (accurate to 0.005
cm). ’

Shoot measurements were first carried out on a weekly basis in 1986 starting
at flowering time (i.e. at the end of April 1986), and from July to the end_ of
August, shooﬁ:re measured every other week or when weather permitted. If
shoots were found tg be damaged during the first month of measurement, new
shoots were tagged. Shoots damaged after the first month were discarded from the
analysis. ' ) , ‘ .

Dm:ing the 1087 field season, shoots were fir;t measured in mid-April (2i—‘23
April 1087) and at the end of flowering (May 1987), giving a total shoot growth
for the spring scason. A final measurement was done at th‘c end of August 1087,

resulting in a total shoot elongation forthe summer season.

' /




Mean gr_o‘wlh rate (GR)-for_the growing season of tagged shoots was

calculated using: C _ . .
. ~ :

: L,-L .

o V ' ‘Z'AT

GR= N

where L, was the first day o{shool measurement of the year (an-y 1986
and 23 April 1987); L, was the last\day of shoot measurement of the year (9
September 1086 and 21 August 1987); AT was the number of days between
measurements; and N the total number of shn;)ts measured (Nams alic! Freedman’
o

1087a).

i 1
3.3.2. Greenh Shoot M »
v -
Shoots of both™pecies were collected and gtown in a 5:2:1 (peat:leal
o Pt

mold:sand) soil mixture in a greenhouse at the Memorial University Botanical «
Garden at Oxen Pond, during the fall of 1085. The shoots were kept under a mist
until initiation of the root system and then watered on a regular basis. Shoot

elongation was measured as above.
3.4. Seed Germination

3.4.1. Growth Chamber Seed Germination

Germination experiments were carried out in growth-chambers'at 25°, 10°
and 5°C, in the dark.’ Fruit of E. nigrum and 'E eamesii were collected in.

September 1986 from sites 3, 9,-and from a site where both species grew tog:t&ﬂJ

; . .
(mixed, site 11) at the Hawke Hills. The seeds were removed.from the pulp of the




fruit and allowed to air dry. Two hundred seeds. from 200 fruits, for each q_;;ciu

from all sites, were randomly selected. These were then separated in gmnps'o! 40
* seeds each, totalling 5 replicates for each species at each site. The seeds were .
placed on moist filter paper (Whatman #1) inside plastic Petri dishes (10 cm
dinme‘ur]. ThétMer paper was kept moist using a soluliol.; of 10° M gibberellic
acid in distilled water to break dormancy (Bell 1069, Bell and Tallis 1973, 1974).

. The number of germinated seeds was recorded"daily by species, site and

temperature The experi was inated 85 day; following its™—— ~
i'lguation. 'Ungermin'nted seeds were fur;h‘er tested for ﬁabilizy using a l‘f‘E

tetrazolium chloride assay to detect the presénce of respiration (Bell 1969, Rice ”
1085). This assay was applied to 50% of the ungerminated seeds of all replicates

and these were verified under a dissecting microscope.

3.4.2. Greenho‘se Seed Germination

* . Germination experiments were also set up in a greenhouse at Qxen Pond.
Fruit of both Empetrum species were collected from the same sites as ;bove. in
_0clubel: 1085. One hundred and fifty s.ecds from 200 fruits, were randomly
selected for each species from all 4sit‘ts. Seed beds (25 x 40 em) were prepared for 5
. the transfer of seeds with a soil mixture consisting of 5:2:1 (peat:leal mold:sand).
In March, the seed. beds were transferred to a cold house to initiate seed \
germination. In August 1087 the total number of germinated seeds for the 2 i’nur

“y (L Period (October 1085 to,August 1087) was recorded.




3.5. Migrohabitat Measurements

Physical m?&surements.thnt were noted or investigated, included elevation,
temperature (nir and soil), snow depth (in 1086), windspeed, available soil
nutrients, and soil pH. Windspeed was divided into seasonal periods from the

annual data.

3.5.1. Elevation
Elevation was measured using £Thommen pocket altimeter, standardized at

sea level (0 m) before proceeding to the sites.

3.5.2. Temperature

Temperature, during the 1986 field season, was.recorded at 7 cm above the

soil and 15 em below the soil surface. Thermocouple sensors in stainless steel .«

were used for tempe ents. Two ther were attached to i
each stake which were driven into the ground to the appropriate depth. A Bailey

digital recorder (Thermazip 4, accurate to 0.1°C). was used to read the

temperatures. Each site (sites 3 and 9) had 3 plots containing temperature

stations. Temperatures were only recorded once a week (18 November 1985 to 19

Augu‘st 1986) at ca the same time of day, that is between 1330 and 1500 ]l..

Temperature measurements in 1987 were carried out using the sucrose “

. inversion method (Jones 1972, Jones and Court 1080). This method was adopted

because temperature readings wer}: recorded si at all sites, increasing -
the accuracy of sampling temperatures at several sites (Walton 1982). Two
sucrose sojtions were prepared, the first solution was for spring temperatures (17

April to 17 May 1987) and the second one for summer temperature (16 May to 26 "
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