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F rontispiece

Ernpeirulfl nigruf1l L.

l:,~f1l}lelrum eanves i i Fern . & \Vieg.



Abstract
. . - , "

Empet~m nigrum L. is a common evergreen shrub in Newfound land where

j't forms c.~teDsive co~tnl heathland co.~m~nit i es. E"rp;t;:;;;" e;mt!8~'~ Fe~n . &

Wieg. is an .ende~ic to the Gulf of sr, L~wrence and is most ab~ndnnt. in

Newfoundland: tbis dwarf shrub spec ieSrorn; s subarcti c.hea t h com'mu n it i ~s on the

. most elevat ed and wj ndsw~pt areas' in Newfoundland",

A compara tiv e autecological stu dy was u nd (mak e~ for t hese two Empetru l1r..

. specieson the eastern Avalon Peninsula. Alt hough E. ,ligrum has been studied ~

'.'

, .' ' extensively, litt,le is known ecological ly of E. talesii. ! invest igated ph enology ,

. ' hoot growth, germi nation success and micro h!lbi;nt of both Emptl rum ~peeies .
:Atte'ri1 pt~ ~v<:re made to relat e these ,,;rillbles to th~ d istribu~io~ pnt,t ~r n~s or E.

"igr~m -and E. ~ame8ii on ~he Ava~on .Pcn in~ula. . . .

\ Plie~olcigical .developm{' ri t or the two species coincided. ~e blooming pe~iod

. occurred rr~m mid- to late April and was roi low~d by fruit fo rmation from the

beginning to late May . ~ruit -maturatio~_~~_' in_itJ_,.'_'d_~_e beginning of J:,,"I,,-Y ~

and all development ceased in mid-la te A)lgust . {

Sh~ot g~o~th was Signilic.a~~,y greater for E. nig rum in bo:h tbe field and

greenhouse monitorin g progr~m.s. Th e mean a nnual g rowth of ,E. nigru m in th e

field WlIS ~5.0'm,!\~nd i il. t he. greenhouse 77.~ .mm, E. eamesii grew ~ess than .E..

nigrum, an d measur ements were car ried out only in th e field for E. eamesii since

pro p'agatiob of this sp ecies i ll the greenho~se was unsu ccessful. Themean annual

sh.~t growth of E. ecm ceii was 8.5 !!1m. Th~ dirreren c;.s were related to

microhabit at condit ions ~ucb as windsp eed a~d s~il nutrient availAbility ~t the

sites ,

~--- t
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' . ' .- , .Germlnation exp~i~ents ,~ndueted.in tbe b,boratorp~o~.ed tbat E/

ea l'tl ~6ii had an oyerall !i~ificaD tly greater g~rmiDii.ion' seceess th~n E. nigrum · ..

at 100 and 5°~. This may be related to the ~':riaiio'n in sites ~D.d mle~b~h·ita~: ·· ,.

'. Both E. nigrum and E. eame61:j haa optimal germination at 25.°C. .

A Discriminant F~netKm Analysis was performed on the microhabitat

vari~bl'7- The mierohabltat dirrl'feDceos were found to br,gCD!!u fed fr~m an

exposure grudient, tha t is windspeed a n~ elevat ion ron trib~ t!!d the most ~ \ ..

interspecific variation. The rqmaining microhabi tat var i~les, ui r and soil .. . . \ .
' t emp~ra tu r~l avnllab1e soil ~utrients, soil pH, and orgl\nic ~atterpnce~ t!3.~iono r

the Soil'contribu led littl e to ~he interspecific c1 iff~re n('e betw:en E\lli~ru~rl 'and ,~.

eem eeii.

A.stepwise ~1 ult i;l e Regression w:LS.p e r forml'~ to explain the-dis~ribut·ions '~r : .
. . ~ . '. . .. .: • . I·

.E. nigrum and E. eame6ii based on tb~if abundance ~ D ~ microhabitat variables. .

\. . A regression for E:eamesii showed wiIidsP~d to be negat ively ;elated to

abundance. T hese fl'Sults indicate that ,,:"i~dspeed isa major. factor ~llnu~llcillg ~

• Em pdrum dis tribution .on the AV3lon Peninsula, E~Pdrum. n igrum gro~s in

relat ively more protect ed areas, whereas E. ea~e6jj oc~urs in ~or~ exposed aad

windswept sites.

I



R(;sume

. Empd rum nigru m L. est un arbus~ ~ryunu D., ~ "Ter re-Neuve, ou\ il rotme
. - ., . .... ,

de . astes ccmmunautes au vcisinege des rot~',tm'pdrum ramnii ~e~n . & Wieg.

. es(enlemique du golle du St-Laurent et pcusse aussi enabbnda nce a T erre-

. \.

. .
Neuve, Iflais eette espeee forme UDe eomml'n aute de lande subarctlque, d~ns les

l'.egioDsles prus .e leve~ et .yent eueee de l'i1e. Une et ude compara t ive a tHe menee

sur l'eutc-eeolcgte des 'deux espe'ces sur 130 peetnsule d'Av ll.loD. Quoique E."nigrum

ait e te bien tHudie I E. eames ii demeure mal eoa nu du poin t de vue dcclcgiq ue.

. :. L.a. phenolegie. I.~ cr4ssp.n~~ des ~ig~, la ger~ina;i~n et I ~ mi~rohabitat des de,ux

especee sent examin ees .et mises e~ relation avec I. repa rti tio"o d~ . cb aque espe~e .

sur lrpenin~ule d'Avalon.

Lesdeux espe~es 'avai'en~ un dev eloppement phen~logique tdeatique.Le
. .

tlqraison s'est produit e de 13mi-av ril a la fin d 'avrit, sun te par II. formation des

"-
'X ._

r . .",.,. ' Iruits du deb uf A ~ fin de maioLa matur ation des h uits de butai t au debu t de

• ~ Jud~t et se t ermt een entr e 13 mi-aou t et II. fin d'ecat .

\ --:. ~c;~issance d:S t iges de E. n i~m eta it sip ifieat ivement plus Hevh ,
..... ,.. . .
t30f~I~~t te rrain .qu 'en sene " La e= roissan.e=e ma yeone an oueUe de E, nigrum e.ta it

de 15.0 .mm sur t.e ter r ain, d ~e 71.$ mm eD: ser re. Lest igee de E. eames ii cn t

ele m,~ure~e~me~t'sur ler rai~ vu q~e sa pr opagat ion ~n serr~ n'a pas ete

. reussilf; I:espeee a m~i,ns allonge que E. nigrum . La.croissance moyenne de E.

eam~~ii etait de 8.S.rnm. Lee dirreren£es des sit es elaient reliees aux conditions de

" m i"oh~bit.; ;;11esque I. ; it"". "dov.." , I. d;'~'ihill" " J'U'dmen" ~"ol. "

t .. Empdrum etJme6ii ~'e~ une germinat~on plus elev':e t e E. nigrum a.' 190 .

et ~ . 5°C: Ceei est peu"etre relie 1 130 va riat ion ~~ sites e~ des ~ic~babitat.s ..La



,Yy;::: :" '? C~ ' ; :' <>· '\\',( "'.' r~~·" · · ,' 0:' . '.' . . ' ..
f ., germinatioQmaximale "de E. rUgrum et de E. epmtBii a etc ette iate a 25°0.

I ' : . '
. Une analyse drcrim inante a.ell! me~ee su r les var iables "de microhab itat.

La vitesse du vent et l'elevation cont ribua it le plus a la variation inters pee ifique;

les dirre ren~es de microhabitat sent genere es par un gradient.d'expceiticn. Leei .
eutres variables de 'microhabitat cont ribuaient tres pen aux dir~ereDees

interspeciliques de E. niyrum et de E. eamcs iii tempe rature atmospherique et du

sol, nutrjmcnts dispo. les du sol, pH du ~1 et conten u deoma!iere organ ique du

so,!.

Une regression multi ple a etc 'menee sur 'E. nigf um et E. eamesii, a part ir
i '," . ' • .

de leur nbondanee et des variab les de microhab itat, pour expliquer leur
! . ', - , .

repartition.L a regression de s.ecmesii, rnontre une relation negative entre la /

\·itesse· du vent et ll'abo~dallce de I 'es~e~e. Oes r esul t~ts iDdiqueD~ que 130 v itesse
I ' . .

du vent ,est un-radt eur majeur qui Intllrence 180 re partition d~ Empetrum sur la .~

peninsula d'Avalon . E. nigrum pousse dana des regions relativement plus abritees

que E. eamesii; cellc-ci pousse dans des aires tree exposeea et venteuses.

" .
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Chapter 1

Introduction

..

'7
t .t..R esea r c h Objectiv es

E mpdn lm n i!/rllfll \,.. has been the subject of detailed eC'ologiC'alv

phyto eocjological and taxonomic st ud ies (Ahti IllfjU, Barclay-E strup and :"utta U

1074, Bnrendrcgt 1082, B('II 10M, Bell and T allis 101:\ , 1014, Blackbur n tu:m,

Dalb)' 1061, De Smidt 1D77, fc~ n~ld and \Viegand 19 13, Flower-Ellis 11In , Good

l {l~j , G ram ner 1971. Hansen lDiB, Lindholm IllSO, LOve and LOve Ill!)?; ~ lead ('S

1983. Soper and Voss 19M)."Most studies of E. enme..i i f'tron. &Wieg. have dea lt

with its taxonomic ~ition in t he Emp drum n igru rrl complex [Fernald 1002,

Fernald and ~\' ie.r;and 1~13 , COOd IlIZ1. and LOve and Love (9SlI). Littl e is

known abou t the h ab ita ~ requirements of E. eamesii, probably because or its

mere restneted distributto.,!! a~ an 'einkm ic to th e Gulf or St. LawrenC'~egion .

Damman (1065, 1076) ieeluded E. eame~ i i iOn the ·arcti c.3 Ipin~ element in

Newfoundland. He sp('cu\:l.t~d t~at it was a~sent Irom the NE coast of

Newround l~nd du e to relatively higher su~mer temperatures. Mendes (1083)

providgd a general hnbit4~ e1assil"ication f~r Newfoundlf d heaths , in which E.

eamesii is 3 dirtcte ntinl s~ecies for the Alpine Heath type, These st udies su'ggcst·

th a.~ although the morpbologkal features of E. nigrum :lnd E. tamtlii are very. ,
similar, t ht ir ha bita t requireme nts nr~ distinct . Alt hough the d istinctness of the

., .~.
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•habitats bM. been not~d, no reSeareb has been undertakeu'tc study the ;'.~.

microh a.bitat , dirter enFes of E. nigrum and E. e.ami', ;i'- The hy pothesis test ed

here is that t he ,microhlLbitatS orthe two species arc suHi ciently different to

require 'specific adapt at ions with respe ct to physiology , phenology and

germination. T herefore the obj ectives of th e' st udy are:

I. 'To investigate in terspeeifle dirr"fcnc es in terms or phenological

~;~~~:e~e~; , ~7~;~h:l~~~~t~~~re~:~c:~d germinat ion that ma y btl .

r: .
2. T o inve s tig at e an d compare the di str ibu tion JPttern s of bo th Spt'(' ie!;

on the A valon P eninsura , in relat ion to microhabitat.

Thi s is a compa rativ e st.udy or the aut eco logy or b oth E. 1lig rum and e.
ellmes ii on the Avn!on Peninsula of Newfound land , Auteco l~g}' is detlne d by

Muoller-Domb o is and Ellenberg (HI14) us the eco logical study at or below the

level of a species . Ph enological observa tio ns ca n be pn r t of such st udies. which

"mcy be helpfu l in det ecting environmental .contr~ls on t he seasonal pattern s of'

plan t ~evclopment [Dt erschke 1012, Na ms and F reedm~n W87a): This requ ires

conside ration o f micro-environ ment al teeters tha~ directly or indirectly arre ot the .

growt hnnd es tab lisl lm ent of n. plant in ~ particu l~rcgion . Sue h an app ro ach has

been widely a pp lied in aut ecologteal stud ies of va rious t un dra plant spec ies

(McG raw IUS5 , Nams and Fre edman' IOS1b, Nlet jeld-Nu rns IOSO,..10SI, T eed

107-1,WijkdgS6a, WS6b).

In Newfoundland few au tecologlc ul st udies have be en undertaken, T he

arct ic-alpine spec i~ Diap ensia fapponic!J L', was studied intensive ly by D ay ( 197~)

and Day nod S cott (lOSI , 1084), and ~ few hareRI species have also been

investigated, Pinus r.esinosa Ait. (Roberts 19S5) and R ubus ehamaemo~u.!i'-

L. (Sav ory HISl).

" ..



Sco ggan i 97 S, Soper and Mayeoek 1063 ).

v,

The ~istribu t. ion of E . " i~'m isCircumpola r [Betlend Tallis 11173), a nd the

spf!~iell 'ill Iound throughou t. flewroun dland (F ig, I-I ) (p orsild H)57, Roulenu ; I078 .

:J
In contrast, E . tiimes ii is ende mic to the Gulf of St. Lawren ce (re~nnld

105.0, Sccggan W78). It 'is r eported from N~v a Scotia {Cape Beeton Island] , St.

P ierre andMiquclon ,.thi::North Sho r e of Quebec, sou th~east Labrador , and

~ewfou lld l3.nd (Fe r nald 1950. Rouleau 1978, Scogga n (978). _In Newjoundlnnd, E.

cama sii is especia lly nbu~dant on the west co ast in the Long Range Moun tain s

and it is al so found in three arens.on the Ava lon Penin sula, in t he Avalo n
, \ .--:

wtldemess Ar ea, o n the istb~us , and o~ the lI awG Hi l~ (Fig. I-I) .

• For th e purpose of ~his study,_th~ taxonomy or .E mpelr um·follows Fernald

. ( l gSO). Th e r e is,·ho 'l.'·evcr, D O general consensus"~n th ~ taxonomy of th e

E71lpt:lrum nigrum group, alth ough E . nigru m and E. eames ii have distin ct. .
morphol ogi ca l char a cterist ics. Their general habi t has been des cribed as creep ing,

mat-forming, microp hyllous; evergreen dwa~r shrubs [Batclay-E st rup and NuttalL

107 4, Fern a ld 19.50 ), The di stin giJish in.g features or t he species are : E. niyrum is

procumbqnt and sp r-eading, wit.h cree p ing b'ra~l:hes , has glandular ucn-tomentose

leaves , and b lack fr u it,w~ E. eam es ii is prostrate with non-glandular leaves, Ii

whlt e-tomentosebr-anehjets and pink t o light r ed fruit.s (Ferna ld 1950),

. T~.o other Empetsvm specj~ 'are recorded for New found laJUl: . Empetrum
. - .

'- a tropurpureum Fern . .& .Wle~ . ' and E . -hermaph rodilu m (Lge) Hagerup.

Empefrum atrop~rpureum h~ 0. distribution that coincid es with that o f E.
. .. .

~ameBii in t h e.Gulf o f St. Lawrence.a nd has e lso been recorded in Pr inc e Edwa rd

' "



Figur e 1-1: Distrib~;ion orErnpd rum nigrum 'and'
E. eamesii in Newfoundland

. {arter Mendes U)83),- · .
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·nort~eastern coast_(Damman 1976, 1983). ~The distinctive morphological.

cha~acters of E. atr~p~eum are: l):.t~mentose leaves and branchletsw hea

young; 2) purplish-black, oval fruits (Fernald an~ Wiegand 1913).

Empelrum herma phrodilum : has a circumpolar dist ribution; it has been
. . .

r e c~rded from the Avalon Peninsula of Newfoundland. T his shrub has polygamous

and monoecicus flowers, its young shoots are green and not trailing, and' the '

I leaves ar~ relative ly broader tha n for E. nigrum (Hagerup 1927, LOveand LOve

1050). It produces the same sha.pe and colour frui ts as E. n igrum. ·

1.3. Rese a r ch Approach

T he selection 0.£ th e study sites was l arg~y -besed on the general d~scription

of the habitats of E. ni!l; um and E. eam esii by Mendes(l'tlS3j. Emp eirum

lIigrum sites (1-5) (Fig.· 1-2)were. found along the co~t where few tr ee~ occur and

where "accin iu~ angustifoliu m Ait. and V. uitis-ideea L. grow abundantly .

• Empe lrum 'ea'mesii sites (6-10) were fo~nd in an alpine area on the Avalon

Peninsula. These sites were more exposed: consist in~ mainly cl -rocks with lit tle

.\'egct:t.tion cover. Empe t rum ni grum sites did.not ~ave E. eamesU and viee-~rsa

. wit9 the except ion of th e mixed site.( llj where. ~:rmpatric populat ions were

st udied for the germinaucne xperlments.

The study focuses op the mi( rohabitat aspects of E. n igrum and E."earne, ii

in relation to their dist ribution 0 11 tbelAvalon PeniIis~ Ia..'Tbe microhabitat wiil be

analysed in te rms cr tts effects on the phenol&gicaldevelopment, shoot growth and

germiuatloa performance or both Emp elrurn species: This will demonstrate to

what extent microhabitat dlllcreneee are importa nt to the establishment and. ... .

,..",

. ,' .--
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Figure 1· 2: Location s of the study sites on the 'Avalon
P eninsula, fl ewfoundland .

fm petrum nigrum Locations

Site I = Cape se, Francis

Site 2 = Red Head

Site 3 = Torba y H: ad

Site 4 ~ mark~.cad

Site 5 = Gallows Cove

Empetrum eamesii Lo cat i?DS

Site 6 = Uay Bulls Junct ion

Site 7 = Hawke Hills, on lop of ,the
second ridge .

Site 8 = Hinvke Hills, on the lower section
of the seco nd ridg e

Site 0.= Hawke Hills, a t the back of th e
firsl ridge •

Site 10 == Hawke Hills, o n the front of the
, first ridge

Mixed Site (ll ) = Hawke Hills
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Chapter 2

Description of the A valon Peninsula
and t he Study Sites

2.1. General Descri pti on of t h e Avalon Peninsu la.

2.1. 1. Geo logy and Physiograp hy

The physiogra phy of t he Avalon Peninsula is di sc~d by ~lacCli nJ ~k a nd

T wc nhctel (10.10) and Rober~s 1I983 ) , ~lassiried as th e-E asl{';n Upland. The. , ,
landscape of this region is a hummock y, Tolling plateau . Podzols are th e most

.co m mon soil group or the A v a lon Pe n insula , covering 77% ~r th e are a . T hese a re

/ ' .well- to moderatel ~·.J rainl'd •. ack heso ils derived from a parent materia! cl very

sto ny glacia l till lHeringa 1981 , Roger son an d Tucker 1972). -,

Cryot urbation greatly a ffects the~tY of ;he soil, whi ch in tu rn restri ct s

• the establishm ent of Plan t 'Co~:uDi.t i es . The types of patterned groun d ro~ OD

t he Avalon Pe ninsu la are des cr ibed, by Henderson (l068). Sort e d stripes and '"

pol ygons. (W ashburn 1056) W N.e foun d at t he E. tamesi j study sites a t the Hawke

'"Hills, wher eas the E. nig~um dominat ed hea th s were found on th e coas t, mostly

'",
on solifluet ed slopes and hum mocky terrai n (Fi g. 1· 2).

"
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-2.1.2 . Climate

The ~imate of Newfoundla nd is~anic a rid is influe nced by the co ld.
Labrador curre nt. The climate th roughp ut the island is ex tremely variab le and

localized and influenced by Newfoundland's rugged topography. Climati c rad ars

such as temperat ure, prec ipitatio n and wind. are importan t in determinin g the

distrib ution of arctic-alpin e plan ts [Dah l 1051).

A cphenom enon that affects the Isla nd's tempe rature is the pr esenceJf pnck

ice in lat e winter l~la rch • April) along coastal Ne wfound land. This delays the

spr!ng season by keeping sea.temp eratur es close to the freez ing poin t unt il late

May {Hare l052}, lowering air tem perat u re.and del aying the bcitinning of the

gr owing season. '.The northern part of the Av alon P eninsula (St. John's area and Bay de

Verde P eninsula) is consid ered to have t he strongest maritime ictlue nee, wi th no

ex tremes in winte r and su mmer temperat ures(Banfield 1981, 1083) . The A v.a.lon ~

Pe ninsula isone of the regions of Newfou ndland th at has th e earlies t rise o f mean

da ily air temperat ure to OOC and th e late st (e«seco nd week of December)'

dec rease in mean daily air temperature to O°C. T emperatures recor ded for the'

co ldest and warme st mont hs are p resented in Tab le 2-1. Frequent cloud cover

and fog is responsible for keeping tempera tures low."

Th e M alon Peninsula receives the hi ghest r~il(all in Newfoun dland, with a

mean annual total of about 150 c!!1 . Approximately hair of tb is precipitatio n falls•betwee n No~ember and Ma rch, av eraging 200em of snow fo r the whole of th e

Avalon P eninsula and 350 em for th e St. John's are a. The sn ow cove r is

intermittent in the region, especially at higb altitudes, such as the Hawke Hills
\
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Tabl~2--1 : Daily mean ai r temperature (0C) at th e '
St.' Joh n's Airport, lrom Banfield (1081) .

\
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Mont h

January

J ul y

Maxi mum.

- 0:-1

20 . 1

M1D. lmum.

- 7. 0

10 .4
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where snow cover wee practically non-existent on wind-blown tops 01 kuclle and

.ridge:l du ring the field seaso n 1~8S- 1g86.

Wind V.tatly arteets tempe ratu re and snow eover. In areas with low

temperatures and little sno w cover , plants are subjec t to severe desiccation

[Tlffney 1 9~2 1 . , qn the Aval on P enin sula , would blow mainl y:rr om a SW·W

dire ction .

2 . 1.3. V eg et ation

The "eget a t ion of th e Avalon Penins ula is ma inly repr esented by Ma ritim e

Barrens. Howey er , ; small sect ion, th e sou t hern part of the Avalo~ Penin sula and

the northern tip o f Day de Verd e Penin sula, consists or Hyp er-Oceanic Bar r ens, ,
[Damman 1083). T he study sites are all includ ed in the Mnritime Barrens,

specifica lly in dwarf shrub ,heaths, Th e Mari time Barrens eco region 'is

cheractc eiaed by, dwarf sh r ub heath , bog5 and Iens. Only a small portion 01 t he

Av nlon Penins~'I~ ~s covered b; for es t, main~n valle ys and on ~Iopes .
Th e rlora oJ these barrens cha nges a long a gra dient 01severity or exposure,

mostly in dicativetr sno"'acc~mulation, Th e dominan t species or th'e dwarf shrub

he ath in t he less exposed reg ions is K almia angllstifolia L., followed by

Rhododendr on ~an adense (L, ) Torr ., Vacci ni llm angullti jo fi um and th e moss

Pleu roziu m 8chr~heri [Beld.] Mitt, However , in the more exposed are as f(.

.angu ,li/ olia is r,eplaced by Empel.rum·nigru m and Vac~inium vitis.i?aca,

The Empctru m heath of Newfo undla nd, c1assii ied by Mendes ( lQS3), is

dominate~ by E. m'grum a,?,d E. t l1m ellii. However, Mendes t l 083) .dis tinguishes

the Alpine Heath. t ype M dominated by E. eamesii and repr esent ati ve or alpine

barrens, Empe.lrum nigrum dominated heaths are found main ly on t he south



~ .. ; '.! • .

coast of Newfoundland, as d escribed tor the Mar itime Barrens. In tbe southern
. , .

ext remities of the Ava lon Pen insula, th e Em pt:ln m heath is located on windswept

inland ridges. It is also found en severely exposed ('Oas tal heedleede a1ons:th e

eastern roast of the An ion P eninsula , including the Bay de Verde Peninsula,

The E mpd rum heath community is fur ther re placed on the most severely

exposed ridges by the Alpine beeeh community ill which E. eamnii is the

dominant s pecies, a lollg with the arctic-alpine species Diapt!n &i a '.appon ica and

UJis~feuria procumben&(L.) Desv. (Meades IQ83I. Th e Alpine heath h as its most

exte nsive runge in th e Long Range Mountain s in west ern Newfoundland and is

) restri cted to a few areas on the Avalon Peninsula. Th ese are located a t the

southern end of Conception Bay on t he Hawke Hills, in the A valon Wil derness

Area and on the isthmus of the Peninsula.

The Hrper-Oceame Bar rens ecoreg~n is represented by coastal barrens

without forest cover but have krummhob. T his eecregicn also includes moss-

lichen eerpete and blanket bogs (Damman 1983). T be Hyper-Oceanic Barrens a re

the most oceanic ,P:ut of Newfoundland, with mild winters and tool summers

where the fog is most persiste nt. Arct ic-alpine species are ro mmon in t his

l'("o r~gion due to low summer tempera tures (Damman I06S. 10831.

~ .2 . Desc r iptio.n of Stud)' Sites

.The stu dy sites were located in the easter n Avalon Peninsula, Newfoun dland
.., . ' I

(Fig. 1-2). Selection of the study sites was based OD. the 'dominance of Empetru~

and t lli! bomogeneity orthe vegetation of th e sites at the ~hosen loea~ ions . Five

sites were chosen for each species (to tal n = 10 .itM) in which five ( I xl m) piau"

per site were established and monito red.

"..~
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2.2.1..Empei;'t;~ nigrU~'Sltes ", . •

F igure 2· 1 shows typica l E.· nigro m sites on the AvalOll P eninsu la . Th ese

sites (1-5) co nsisted of expose d coasta l headland~ with E. nigru m as t he' domin a nt

species..~ T.he sites measured betwe en 300 to :;moo m2. Th e vege tatio n cov er.

rnnge 'd betwee n 60 to 1l8% , wit h the remaini,'lg cover made up of rocks and

miner al soil. T he plan t commu nities oCthese E. n igru m domin a ted sites consisted

"of Juniper us comm unis L., Vaecini um angus ti Jolillm , "': ui lis .jda~a,

Descbumpe ia JlexuQsa (L.) T rin ., end Clado n ia spp. along wit b scatt er ed clum ps

of Ab ies bllisamea (L.) l\fill. Th e microtopograp hy is hummocky , formed by

solifluct ion, 1:.nd under lain by well-draine d soi ls. Th e elevati on o f the st udy sites

rangp dIrcm 30 to 140 m, nn~ they had a ~ a nd NE' aspect.

2.2 .2 . ~mpdrum ea m es . i Si tell '-. •

Because of the rarit y oCth e Alpine hea th~ commun ity on t he Avalon "

pL insUla, all of lh~ E . eames ii dominated sites ~er{' se"leded from the relatively

accessible Ha wke lIi11s. /

I-, .

F igure 2-2 sho,;s the tw~ ridges of rhe H awke Hills with a l'fpical plan t. ,
comm un ity d~.rn inated by E , eam esii nlonl wit h LcisdetJrill ·prOC1Imbena. These

sites were selecte d on top ~f ridges,and knolls, an d mll8; llJred betwe~.n ' S LOand 8 40

m2...T he vegetation cove r at t hese sites (6- tO) was low, 10 to 15%, with the

rema inder of t he sites covered by rocks a nd gravel. Plant species associa ted with '
~ .
these alp ine com mun ities includ e Arctostaphylos afpin a (L.) Spreng., L.

procum bens, D. lapponica , Poten tilla l rid~n lata ~i t. , t he moss Rh acomilrium

lafluginosu ffl (Hedw.) ~rid . and a lichen Clado~ia~sp .

Empelrum njgrlH~ occurred in 'the vicinity or'the s it<>s at t he Hawke Hills in ., .



FIgure 2-1: Coastal heathland dominated by E mpetr ll m nigrllm
and Deschnmpeie flex vosa at To rbuy Head

(site 31. on the Avalon Pe ninsula ..
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more sheltered microhabita ts but not dired ly in tbe E. ~am~"ii study ·sites. ', . .
Empd rum ~amuii did not occur :n t~e coasta l sites of t.nigru m (1••5).

High wind velocities occur at. bigb elevation and ac ross exposed barrens sucb

u th-e Hawke lti lls erea. Wind.ll~.lI recorded by Newfoundland and Labrador "

Hydro (Anonymous 10811at the top of the Hawke Hille, show a mean month~

winds peed of re 33 km h-I (J une 19;0 - Manh HI82, and June 1083 - Apr il 1084) .

The St. John's Airport ''-lon thly Reports ] record ed mcah wlndspeeds, for thE'

sam e lime period of 23 km h-I ,

Cryotu rba t ion re3 t~ r ('s are prominent at t hese s i~es , and the soils are well- ,

drained . .T he elevation of these sites ranged from 2S0 to ,170 m, and thtl s,itrs had

a N and NE nspet't .

2.2•.,3. Mixed Site

Th is ~i te (sill' II I had a mixtu re of both species ~. 'l i9~n and ~_ ea rnt8!~ .

Th e site W:iS loeetod on exposed barre ns 31 the' Hawkl' Hills endmeasured 3M m:!.

Th e plant eommunity ecnsisted of Kalmia t1ngut l i/o lifl I ~.. l iu ('i" ium

angutli/ olium . V. toiti t -idnea. LArix loririna·(DuRoill\ _Koch, the m~ R.

Inrlu!1ino.llum ~,id the l i(' h e~ Cladonia spp. T he vegetati on eover was ce 7~ with

the remaining rover made up of rocks and minera l soil. Th e microtopography is '

hummocky at an elevat ion of 2DO m on a NE facing slope.
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Figure 2-2 : 'Alpine heath ha.bita.t dominat ed by Empdrum
t amt8ii and Diaptn , j(J lappanica at the
Hawke Hills, on the ,Avalon Peninsula"
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Chapter 3

_M et hods and Materials

Sampliq.g was cur rted out du rin~ t he-fall [mid- Nove mber] of 1985 to th e end
. I·

of Au gust 1986 end from April to August 1987.

3 .1. A bundance of E mpetrum

T he ab UD? anCe of E. ni grum and E. eam eeii was es timate d by percen t _

, .

cover, for 'each 1 m~ plo t for all sit es.

.3.2. Phenological O bse rvations

..

Ph enological observation; of both species of E"i"pelrum were initi ated at the
. r

onse t ~t flowering , in late Ap ril (27 Apri l 1086 a.n~ 21 Apri! 19871 and terminat~

once th e fruit ha d ripened , at the end of Aug ust. T~e dat es of the following

o bservations were record ed for each species at all sites thr oughout the g~owi n&:

blooming period , frui t and seed for mation, colour cb~nges of fruit s nod

foliage.

The blooming period in thlsinstance is defined as the beginning of floral

expansion to the tailing off ot petals. F~llowing this stage: once pollination. .
, occurred, truit formation, defined as the expansion ot the ovary, started. Th e

m;~uration o~ seeds was verified by freaking open truits at nil sites and che~king
tor the formation of a h~.rd testa. ·V •

i .. .; •. • .



Colou r changes.of fruit and foliage is a.gradual process , so dates were

recorded onee the fr uit changed from a.gre en to a mature colour , black for E.

nigrum and pink for E. ea mes ii. •The colou r change of the foliage wer e noted

once it started to ch a~ge from a green to a. brown colour.

3 .3. Shoot E longation

3.3.1. Field Shoot Meas ur ement

Shoot growt h was record ed for all sampl ing sites to assess seasonal gro wth of

th e two species . .Four $~oot~ per plot (five shoots per plot in 1(80) for all sites

were rand omly select ed, numbered and th e stem~ ma!.ked. Measurement of shoot

elongation , was from the top of t~ mark to the top of the upperrncstlceves of

th e stem. Shoot l e~ths were measur ed using a vernier calip er [acc urate to 0.005

em).

Shoo t measur em ents were first carri ed out on a weekly bas is in lQS6 sta rting

at flowering t ime (i .e. at the end of Apri l lQS6), and from July 1,0 the end..of

August , shoo~:re measu red every othe r' week or wh en weather permitt ed . u

shoots were found ~ be damaged durin g the first month of meas urement , new

shoots were Itllgged. Shoots dam aged a fter the Iirst month were discarded from the

analysis.

DU~ing the 1~S7 field season, shoots were first measur ed in mid-April (21·23

Apr il lQS7) and at th e end of flowering (May lQS7), giving a total shoo t growth

for the spring season. A final measurement was done at th e end of Augu st iQ87,

resulting in a to tal shoot elongation for'\h e summer sea-Who

/
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~eaD ~~th' rat e IGRtr~e growing se.1SOD or tagged shootswu

calculated ~SiDg:

1. -L
. ,", -"'- 'L. . a T

CR ~--
. N

where L
1

W3.$ the firs t da~ o( shoot nJe3SUre~en t oC'the yea"r1 4-M~y (086

and 23 Apr il IOS1); l';! was the last ~ay of sh~t measur eme nt of the year 19

September 1 98~ and :!1 August IOS1); ~T WM the number o r days between

measurements; a nd N t he tot al Dumber of sh~ts measu red [N ems all. ~ Freed man '

H181al.

\
3.3.2 . Greenh o use Sh oo t Measurement

, J

. Shoots of bOlh":,;pf'cies were collected and gto v.n in a 5:2:1 Ipeat:le3.C
• • • r · .:,.J

mold-sand] soil mixture in 3.greenhouse at the ~ lemori 3.1 University Botanic3.1

Gard en at Oxen Pond, during the fall of 1085. T he shoo ts .were kept under a mist

unt il initia tion of th e root system and th en watered on :l. regula'r basis. Shoot

elongat ion was measur ed as ~bove .

3 .4 . Se ed Ge rminat ion

3.~. 1. G ro wt h Chamber Seed G er m ina t ion

'# Germin ation e):pe.r}~C!nts were car ried out in growth -chambe rs' at 25°, 10° .

nnd 5°C, in the da rk." Fruit of E. II jgrum a nd ,Eo eame, ii were collected in'

September 1986 from sites 3, g,and Cra m Ii site where bot h species grew toget~
. , ' .

(mixed, site 11) at the Hawke Hills. The seeds Were remcved Irc m th e pulp of the



....

truit' and allowed to air dry . Tw o hundred seeds tro~ 200 fruits , for each sl?ede!l

Irom all sites, were randomly selected. T hese wete tllen separated in lfOups'of 40

• seeds each, totalling S replicat es for each species at each site. T he seeds were •

placed o.n moist filte r pap er (W ha tman # 1) inside plastic Petri dishes (10 em

diameter). Th e"'Tmer paper was kept moist using a solu t io~ of 10-3 M gibber ellic

acid in distilled water to break dormancy (Bell 1060, Bell cad Tall is !973, 1074).

Th e numbe r of germin at ed seeds W I1S eeccr ded'd aily by \'lpl'Cies, site and

temperature t reatm ent. The experime nt W:1S terminat ed 6S days rollqwing itr

~~~jatfon . y ngermin"3.led seeds were furth,er tested for ;ra bility using a 1%

tctraaolium chloride assay 10 detect the presence of respiration (Bell t9ao, Rice

19S5). T his assay W:LS a pplied to 50% of the ungermi nated seeds of all replleetcs

and th ese were verified under a dissecting microscope.

3.~.2. Greenho~se See d G ermination

. . Germin ation ('xperiments were also set up in 3.greenhouse at Oxen Pond.

Fru it of both Empetrum species were collected from the snme sites :IS abo ve. in

• Oetobe r 1985. One hundr ed and fifty seeds from 200 fr~ i 15 . were randomly

selected for each species from all si\es. Seed beds 125 x 40 ern] WNe prepa red for

the tra nsfer of seeds wit h 3.soil roixta re consist ing of 5:2:I (pe3t :le3.f mold .seedj .

In March , the seed beds were t ransferred to II. cold house 10 initi ate seed • \

germinat ion. In August '1087 th e tota l nu mber or germinated seeds for t he :! ;'rar

period (October 1985 to.Au gust 1987) was recorded .

..,.
. il
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3.5. M!lrohBbitat ~easurement8

Phy sical m9asur em imts.tbat were noted or invest igated, includ ed elevatio n,

temperatu re ' air and soil), sno w depth (in H186j, windspeed, av aila ble soil

· nutrients, and soil pH. wlndepeed was divid ed into seaso nal periods from the

annu al data..

3.6.1. Elevation

Elevation was measur ed using M'hommen pocket altimeter, standard ize~ at

sea level (0 m) before pr oceedin g to the sites.

3.6 .2. Temperature

T emper atur e, du ring the Hl86 field season, was.r ecorded a t i em above the

soil an d 15 em below the soil surface . Th ermocouple senso rs in sta inless stee l •

· were used ror tem perature meas urements. T wo th ermocoupl es were att ached to

each st ake which were d riven into the ground to tbc appropri at e depth . A Bailey

digita l rccc rderI 'Tbenn eaip 4, accura te to O.t lle). was used to read the

temper atures. Eac h site (sites 3 and 9J had 3 plots conta ining temperat ure

stations. Temp erat ures were onl y record ed once II week (18 November IU8.,) to 19

August 1086) at ca the same time or day. th at is bet ween 1330 and 1500 h.

Temperat ur e measur ements inIgS7 were ca rr ied out using th e sucrose

· inversion method (Jones 1072. Jones and Court 1( 80). T his meth od was adopte d

because temperature read ings wc~1 recorded simultaneously at all sites, increasin g .

the eccurucy of samplin g temperatu ~es atseveral sites (Walton 10821. Two

sucrose sol.t ions were prepa red, t he first solution was Ic rspring temp era tur es (17

April to Ii May 1087) and the second one for summ er temp erature (16 M:l)" to 26 -'

•



Augu st 19871. t he summer solut ion was' un successfu l. T he sp ring period, in this

case, is th e blooming period, th er efore temperat ures were reco rded for tbe

nower ing time .

'Phe spring sucrose solution was spe<'ifically pr epar ed for te m peratu res

ranging betwe en · 200 to 20° C for 30 da ys. Th is suc rose solut ion was made up by

mixin'g 120g suc rose per lit re of d istilled wat er. The burrer ~Iu t ion consis ted of

dissolv ing -i2g analytical gra de cit ric acid hydrate crystals in 200 ml 2~1 CO:!.fre~

:"InOH which was diluted up to I litre with distilled wate r. A few drop s of 2%

for mald eh yde were added to the buffer solution to prevent th e gro "":tb of

microorganism~,IO·1 011 of this buf fer soluti on was mixed wit h 5g6 mll~HICI : A
. .

1'5("0 solu tion o f Nae] was ad ded to t he solution to prevent freezing by

te mper at ures below ·:roC (Lee 1{)6Q). T emp erat ures as low as .-:WoC co uld be

reco rde d . as lempentu rl'!' in alpin e areas in April can gl"t below ·2°C . The pH of

t he buff!"f solut ion was adju sted to 2,06 by adding lI e l. Equ al volu mes of the

suc rose and huffpr solutio ns were mixed a nd th e pli w~ 3@:3 in adj usted to 2.06

using lIeI . Imm6lii:ll l"ly a,ftf'f the sucrose solutio n W :IS prep a red : it was t ransk-rred

10 15 ml i.-ia L'\ a nd Iroaen at · 20oC.

T wo vials were sci out in each plot on the ,I . and 18. J\ pr il IQS'. On" vial

was placed at ground 11'V('! under the Empclrnm mal 10 reeor d air 11'I1IpN:llufl'>l,

but prot ect ed fro m direct so lar fnd ialion . " s('cOlul vial wa..; plcceds em hl'low

ground sutface for soil tem perat ures. As a ro nlro l,/ , vials were tran sport ed to

and from the !irl d ; those wer e then read to vrr ify t hat no inver sio n of I he~l ulio ll -

/ hnd occurred du ring I r3 nspor~a.tion . Vials for spnn g' te mpcea turc measurcmen js

were collec ted After 28 day s i? t he field. Aft er ee lleetioe, v ia l.~ wert' again froze,n
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at ·:moc. Readings of the sucrose sol~tions were mad e using a.Bellingam &.

~tanley Polari mete r with .. Ne-d lamp (x-= SSg om). T emperature values (Te)

were calculated using the equation s of Jones and Cour t (HI80),

3.5 .3. Sn ow Depth

Snow depth [ern] was measured on a weekly basis (17 November l085 to 6

April 1~86 ) using grad uated sta kes [w alton 1082) ins ta lled in each plot in sites 3

and 9. When measurin g snow depth , a measu ring tape was placed from the met er

mark o n the sta ke down to the snow surface . A t race amo unt of snow and ice

was given II. ~ +. valu e. Rai~ was not meas ured dnring the wint er mon ths.

•3.6.4. Windspeed '

Wind v~loei ty was measured on a monthly basis II D('ccmbe~ ioss to I

~ugust 1086) using a thre e-cup, han d held , anemomet er [Ancrnc Wind Indicator ]

in all plots, Readlngs were recorded 20 sec, a.ft ~ r theTnstrurncnt was placed at th e

appr opriate height , ju st abo ve the shrub mat (i em).

wind speed recording durin g the 11)87 fiel d season was carried out on a

, monthly basis by recording len readings, 10 S('c: apart , nbevc the shrub mut (7

ern].

3.6.6 . Edap hle Factors

Soil pits were dug in mid-August 11)86 at sites 3 end g for the soil taxonomy

and textur al lcatures trom these representative sites or both 'Bmpetrvm species
", " ' ~ .

(Appendix A), The descript ion and n ~ming ot soils t~lI~ws the Canad ian System

ot Soil Classitir at ion (McKeague 1078), One pit per s ite was dug measur ing I x I

m Anddown to the bedrock, Depth 's ot the horizons were measured and each was



sampled. T hes amples were broug ht beck to t he laboratory and refriger ated until 

analysis . These ~r,e divided into three replicates and physica l analys is ~~

enrri ed out (refer be low to Phy sical Analysis). The samples wer ; dried for th ree

weeks at ,O oC, prior to processing foJ' chemical anal ysis (refer below lor C hemicnl

~).

In IU87 l8-{l Sep te mber) soil sampling was carried out to lnvestlga te soil

ff'fti lit y for all plots lit all sill'S. A sma ll holt' l20 em x I!j em) was dug up .

underneat h the Em pelrum nut and samples were taken from the ground surface

down to ts em. t he depth to which th e roo t sys tem of Emp etruIPI ('xtend s. Th e

sa mples were processed ror.y nemil'al analysis.

~~

Textur e. Procedur es for soil textur e follows Day (HJ83).

Colo u r. Identi fil'ntion of soil colours was car ried out in the laborator y und er

uniform ligh t .cond ition. Moist soil sam"l>les were used ~ n d' compa red with the

~ tu nse ll Soil Color C harts [An onymous W7l).

Soil sa mples wer e sieved using a 2 mm mesh sieve. Subsequent treatment s of

the samples were I ) wr ighed 2) ,lushI'd in a grinding dish, 3 ) sieved (steps 2 and 3

were repeat ed twice] . ·1) sample~ less than 2 mm in size were the n ttQr<>d ; the

rem aining particles (> 2 mm in rhe sieve) wer e rc-~eighed t.o take the percent

pa rticles grl":t\er thnn 2 rnm and wer e then di scarded .

Ch t'mi eal Ann lysis
- - .

C hem ical analysis was carried out for organ ic matter ami as h concentration,

alon g with a vailable soli nutrients for nitrogen , phosp horus, potassium, sodium,

calc ium and magne sium .



pH. Samp; e prcparati:~·t pH readings rollo~s the . S~ iC ky.pas te .~~thod .
(McKeague 1078). A small am ount or each soil sample was mixed with dis tilled '

wllte~ ror· ext ro.et ioDof t he hydrog en' ions. T he samples were t hen analyzed using

~ ~H m~ter (Fischer Acc~metR, model 805 f>,tf>l.

Perccllt Orga'lie Motter , LOg oreac h sample was weighed and dried

overnight at 105°C . Th ey were cooled in, a dosiceator prior to weighing, Fin all~~

th e snmple'was ashed for 12 hours a t 4;5 °C, and weighed (ash weight ). Th e fina l

results are a percentage of organk-r(latt er and ash in ~he soil samples.

A I'ililable N utriewts, Each soil sample was unulvzed rJr th e (ollowing. . \

avail able nutri ents: N, P , K, Na . T he met hods for available soil nut rients follo w

Black (1965). 'f ne nvailnb lc nitrogen was {'x tract~d using n solut ion or 2N KCI, by

stcam -disti llnuon and tit rat ion. Ooncent ratlons or K, Na, Ca , and Mg -were

analyze d by atomic absorpt ion spect ropho tometry. Ph osphoru s was measured

colorim etrkally by. the molybdenum blue met hod.

3.6. Stat istica l Analys is

All sta tistical analysis was conducte d utilizing SPSS·X (Anonymous 1986)

implemented on a DEC-VAX 8800 compute r. All dat a are presented 'asmeans.:t;

SE.

3.6 .1. Shoot Elongation and Germinatio n Study

T he shoot elongat ion and seed germina tion da ta were a na lyzed using

analyris of vari ance (ONEWA Y with Dun can' s Multiple Ra nge T es"-td. \
ANOVAj with t he nu ll hypothe sis th at no significant differen ces exist ed between

species nnd amo ng the sites. Dat;re<:ordcd as percentages. su ch as the seed

f .



t' nv irotim~n l:'11 var- iables, except for the soil pH which is a logarit hmic"

germination results , were arcsine' trans formed to app roach linearity prior 10

ana lysis or variance (Sokn.l and Rohlf 19B1).

3.6 .2. M icroh ab it at Va riables

T wo multiv:ui:lt l' stat istical methods were used to analyz e the

environme ntal var iables, Multi ple Discrimi nan t Funct ion A nalysis { D F~1 a nd

Mnltiple R egression Analysis { ~ lRA) .

\ lult iplt' Discrirmnant Fu nction Analvsis- - ---- -
" sp ceil's. by.('lIvironml.'nta! variables matr ix was gl'ill'ratl'd for the

Discri minun t Analysis. The object ives of til e OFA are to assess the separat ion of

th e 1\\' 0 species in a twdve-dim l' n sion ~1 microhabitat space (Green 107,4, 9 ..reen

and Vnscotto 10, 8 , Williams 1083). This sta tist ical technique assumes. linear, . . .
rc~ at iOl rsh ips of the variables a~d , the refor e, data _ mation is appropriat e,

Data tr ansformat ion was carr ied out using the loga rit hmic t ransformation for all

•
measureme nt (Green and vesc ct tc 1078, Sokal and Rohlf 1981). Rotation of the

axes (VARI~ 1A..'\: ) was used to interpr et the Iunct lcns. /'

~ l l1 l t i p le Re<l" res.<;ion Analvsis

A stepwise Multip le Regression was used to determine the.varia.tion of,

species ab undan ce (percent cover] with the ~icrohab~at variables, where some or:

these variable s may cont rol the species distribution. RC'gressio~s were performe d

using avera ge percen t eover and everage microh~bitat var iables ;or each s i t~!,

rath er Uilln individu al plot datll. (Inouye et al. Ul87), The nbundanee dab was

arcsine tvn nsfonned to meet the assumption s or linearity {Sokal and Rohlf' W81l:

.;i'.



ehapter 4

Results

4.1. Phenology

Figur e ·1· 1 shows ph'enological stages of both Empetrum spec ies.' Flowers of,
E. lIigrllm and-E. eamesii are un isexual and small (ea 1.6 mm), consisting or\.

three green s~pals and th;e e purple petals , with three long purple filament s (ea 3.5

mm) (Fig. ·i-IA , B).

During H180, fruit c~u ld be dist inguished by the 16-20 May for both species

(Fig. ~.lCl. However , in HJ87 fruit fo rmation was eleven daysearlier (S-6 M~Y) .
. I

"T he imm atu re fruits o f both species are green. In E. nigrum t hey become

progressively redder by mid-Jun e (Fig. ·1-1D), in E. t ames","the fruit tu rns pal e

p ink du ring the same period fFig. 4-1EJ. The !teeds remain immat ure d uring this

stage. Fruits of the two species change to their matur e colours, at the beginnmg, .
oUuly (7·g 1986 and 1087), blaek.Ior E. nigf um (Fig. 4. IF) and pink~re,d lor E.

eameIJi j (Fig. ·4~ l G) .

Once the fruit have taken on their matur e colour , the seeds matur e, forming

a bard testa (beginning of ~ugust). The re are 8-0 seeds per berry for each species.

During maturation of the fruits, Flowering buds are forming for the following year.

Th ese willopen as 'seen as the weathe r permit s in early spring of the next year.

, Th e berries ma t ure a t the end of August to September and the foliage 'changes to

I'.



Fig ure 4·1 : P henological observat ions of Empetrum
nigrum a nd E. tamesii for lQSG-19S7

on t he Av~loD Peninsula.

A. Female flower of E. eamesi i,

B. Male Flower of E. eames ii.

c . Immature fru it of.E. nigrum.

/ D. Fru it' colour change of E. nigrum .

E. Fru it colour cha nge of E. earnest';

F. Mat ur e fruit colour of E. n j gr ll m .

. G . Matu re fruit colour of E. eemesii .

H. Foliage colour change of E. eam eeii,
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a da rk brown dur ing the autu mn (Fig. 4olH).

•Table 4-1 presents phenological observatio ns recor ded Irem the study sites

during Ig~6 and 1087. Empetrum nigrum and E. earneR;; we're found to flower ,

bud and fruit At the sa me time. Ant hesis occurred one week earlie r for both

species in 1087.

4 .2 . Sh oot Elong a tion

4.2.1. Da llr Growth Rates

The dita for this section nrc presented jl}oOoTable 8-1 (Appendix B). The

da jly growth rate (GR) of tagged shoots was very small for both species. Figure

·1-2 shows that E. 71igrum had a higher .daily GR compa red to E. eamesii for bot h

year, 1986 and H187 . However , these diUerences are not statistically significan t.

C " •
The greenhouse grown E. nigrum had the highest GR .

4.2.2. Annu al Grow t h

Th e annu al and seasonal grow.&.h data nrc presente d in Tabl e B-3 (Appe ndix

B). Figure 4-3 shows th at there is Jittle vegetat ive growt h (i.;.5 • 20 mm)

throughout the growing season for both species. In lQ86 and 1987 E. nigrum had

a higher shoot growth th :ui E. eame sii , and in 1987 this was significant at P <

C.OI. The growth rat es seen in sites 3 and.9 in Hl8i were comparable in

magnitude to t he growth observed in Hl86 at th ese sites.

The 1087 data shbw differences ll~ong and between species. T he, E. nigrum

sites ( 1, 3, and ,51 have sign ificantly higher sh~t elongation'[P < 0.05) tha n the

E. eameeii sites 7 and 10; E. lligrum in sites .1 nod 5 show'8ignificantly higher (P

< 0.05) shoot growth than for site 4, the latt er hav ing th e lowest shoot elongation
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Table4-U Phenological observatlona oCEmpetrum ni gr um
and E. eameaU ror the field seasons 1086-1087

. on the Avalon Peni nsula.

Bl ..:loming Fru it. Fr ui t Bron
Spedies Period !ol1llati on Vatur at1o ll. Foliage

§..",~

27 April - 12 May1986 16- 20 May 7-9 ,Ju l y m1d-Augue t

1987 21 Apr il - 5 May 6- 6 Nay 8 J uly end-Auguot.

!h. eamn ii
1986 28 April - 12 May 16-20 Nay 7-8 Ju l y mid-Augus t. .

r:
1987 21 April - 6 May 6- 6 May 9 July en d- Augus t!

/
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Figl1r;~;~;ru~~~lr!1~;~wt~t::tf.~;a~~l ;~ eameeii

[sitos &-10) for l Q86 and 1Q87; for t he number or
samples sec Tab le B-t and B-2 in Appendix D.

-:

: ~~
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FIgur e 4-3: Mean annual shoot elongat ion (± SE)
of Empctrum Jligr um (sites 1.5) and

E. eamesii (sites 6--10) for Hl8G and H187 .





of .theE.ni.grumsit~(t'i~ F
However, when E. nigru m grows under favourable conditions, s uch as in tL

. greenhouse, its mea n shoot growt h increases d ~:ull.ati(' ally from 15.0 to 77.5 m;n-.

E m petru m t ames ii , on the oth er hand , was Dot grown successfully in the

greenhouse.

4 .2 .3 . Seasonal Growth

Figur e 4·4 shows the shoot elongation data d ivided into seasona l periods;

sp ring which represents the period of the blooming period and the onset of fruit

fo rmat ion (30 days), and summer h om the end of th e spring period to the end of " \

August to Septe mber (gl da ys). fn genera l, little shoot extension occ urred in the

spring of 1987. and therefore no. differences wore found between E. ni grutn and

e. eamee ii. H OW CV<'f . when conside r ing sites, site 5 has t he highest..shoot

elongation compared 10 ,, 11 t he ot her sites (P < 0.0·')1.

The summer period had th e highest shoot elongation co mpared to th e spring

dat a [Pig . 'H ). Overall for t he HI87 data ,"'E. niqrum had a significa n t ly higher

shoo t elongation th an E, eam eeii (p 0< 0?025). Emptl rll111.r1i gr ll fll in sites I and 3

were significantly !ligll('f than t he E . eames ii sites, 7 and 10 (I' < 0.05).
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Figu re 4-4:
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Mean seasonal (spring and summer] shoot
elongation (± 5E ) of Em pelrum ni grum

[sites 1.5) and E. eamesh (sites 6-10) I
fot 1086 and' lOS1:



, , . "." ~ "",::,,- -'. '

E
E

.... ",0

19 86 1987

T

"
Spr ing

B ~ nigrum

Els..:~

a
'i 2.0
o

"oo
t;. 20'

,.



Table 8-5 (Appen dix B) shows the mo~tbly growth data. T able 4·2 shows

\ sheet elongation on n mon thly basis for t he jg86 data. E mpetrum nigrum grew

. more than E. eames ii t hroughout the sum mer, wittr a maximum mean diff er ence

of ·1.4 mm in Jun e, the mont h of maximu m growt h.

4.3. Germination Experiments

T he germination data are pres ented in Tab le C· I (Appendix C], ,
... 3.!. Va.riation with T emperature

Tabl e ·hJ snows th e gerrrrinarlo n success of both [0:. n;grum an d E. eameeii,,
Th e 25°C treatment was round to be the 'optima l tempera tu re Icr both spec ies. At

the lower tempera tures, 10°tnd s-o, E. eatllesii showed a higher germi~at ion

percentage compa red to E. ,~rum. The mixed si te consistently bad bette r

germina tio n for a ll temperat ure t reat ments tha n did the a lpine (E , enme.•ii ) and,

coaslallE . r1igrum ) sites If' Ig. -t-S].

" .3.2. Variation with Sites

Sites were 0 150 found to contr ibute to the va ria tion with in and betwee n

Empet rum popu lati ons Wig. 4·5). At 2SOC no significan t dirrl'r l'n('('s were fou nd

between and with in sill'S. Th e lOoe treatm ent , ho wever, showed (fig. ·1-5) th nt E.

n iw um, site 3, h ad the 10wl'St mean (P < 0.05) co mpared to all ot her site'S.

E mpetrum rIl'grllUl nt woe had a fungal inl eetion which might have contributed.. , ,
to these results; At the same tempera~ure tre atment, site 11 showed significant

differences between E, eamesii, wh ich had the highest mean ge r~in :l. tion success,

',-..:
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Table 4-2: Mean monthly sboot elongation (mm) of
Empdrum fll'gru m an d E, tamt~ii from

sites 3 and g, on the Ava lon Peninsula for
the 1986 field season, Standard errors

are shown in parenth esis with the number or
measured shoots indicated below.

Species • •t June J u lJ August.

t:.~ 2.' 7 . 6 0
' 3.2 2 .e

(0 . 6) ( 1 . 6) (0 .7 ) (1 . 6)
(n '" 16) (n ;:: 16) (n ;:: 21) (n ;:: 10)

t:. elUllesii 1.2 3 .2 0
' 2 .' 0 . '

(0 .3 ) (0 . 4) (0 . 2) (0 .2)
(n '" 18) (n '" 22) (n = 22) (n = 16)

..
val u!!:f are s i gnifi cantly dif fer ent at P ( 0 .01

..

, .

,.
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Table 4-3 : Percent seed germinati on f±. SE) or .

Empdru m nigrum and E. f!Qme.U (rom
tbe Anion Peninsula, in relation to diUerent

. temperat ure treatm ents. A tolal of 200 seeds
was used tor all rreetmente.

.\

T'llIp.ratu~ (oe) Sped..

2"

10'

_. ...L_ . a.m.~ii

s

Tot a l I GU lllnat i oD

79 . 8 !. 3 . 7

71. 3 :: 7 . 8

19 .8 :: 3.7·

49 .8 :. 6 . 1 "

32 . 3 :: 3 . 5 " '

' .

• nl~.. . are tign iUeanu,' diffe re nt at P ( 0.05

nlu-:. ar • .dgDif1eantlr dl :ffe reDt at P < 0 .01 \"

. \
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F igure 4-6: Mean germination (± SE) or Empetrttm

" igrum and E. ~ lI m e8 i i ror 25°, 10°, and
' SOC trcll. tmentsj n = 5 replicates,

\
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4.3 .3 . Viabili t y or Ungerminated Seeds

and E. nigrum .'However , the germina tion success or E. ea mea ii t ram sit e 11 at......
SoC, was round to be significantly higher (P < O.OS) than all o ther sites, including

t he E . nig rum population at the mixed site .

The species were tested for differences betwee n temp erat ure treatments.

Empetr um eamesi i and E. nigrum at the mixed site, did not show sta t istical

ditt crcncos betwe en temperat ure trea t ments (Fig. 4-6). However , E. eames ii. at

t ile alpine site was significa nt ly higher (P < 0.0.')) at 2So t han at SaC. Th e

germinatio n suc cess or E. ni grum , on t he other hand, diU,:,red significan tly

betwee n all temperat ure tr ea tm ents. That is, the mean germinatio n percentage or

E. nigru m at 25°C was signiricantly higher than at lOoe (P < 0.01); b~ th e

lOoC tr ea tment was lower than t he SOC.'

Ge rminat ion was a lso t ried .in a greenhouse using a soil mixture, bu t was

unsuccess ful. Empt:fr um 'li grum had an average of 17.5 seed lings and E. eamesi i
!

24( n = 300seeof/speci('$).

/

(
Dat a lrcm th is sec tion is presented in Table C· 2 (Appendix e~.Jab le 4·4

shows the seed via bility dat a resultin g from the tctra zoliu.m chloride test ing or

seeds railil\g to germinate in above t ria ls. At 2SoC. E. eamesii had the high est

seed viabilit y compar ed to E. lIigru m. However, the remaining tempera ture

treatments had :10 inver se relati onship from the 25°C results, and E. ni yr um

showed h ighe ~ seed via bility than E. eamesii ,

At 2Soe , E.eame s ii (site oj had th e highest seed viability (4l}%), and

differed signiticnntly (P < 0..05) Irom E. lII'grum (site 3), which had the lowest

Viability (3.3%). Also, t he two populations of E. ni grllm showed differe nces
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Figure 4·6: Variati on or the percent
germination and temperature trea tments

with sites.
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betw een eac h othe r, with th e popu lation in site 11 showing a higber viability tha n

site 3.

At ro-c , E. n i grum h ad higher seed via bilit y (82.2% 1 than E. eam ellii

(6.SA% ). Viab ility of E. lIigr um for site II was higher (82.3%) than E. eamesii

(6100) from the same site (P < 0.05)

T he r,oe trea tm ent , shows the sam e patt er n as for lOoe , t hat is E. nignmr

had higher viabili ty SllCCl.'SS (83.4%llhan E. eame"ii (4Y.3'?V) (T able .1-4). Both

populat ions of E. eamesi i (sites 9 and I I ) had a lower via bil ity th an E. nidn"n [P

'< O.O,S), In addition. £. eurnes ii (site tl) at 5°C, was found to h ave t he lowest

seed via bility (.12C(.). f urt hermor e, E. eamesii at sill' II was a lso tower j56No J

in' \' i:'lbility than E. lIigru lIl at site :1'(81%).

4.3 .4. Dally Geq,minatlon Rate

. Fign~~7 <how, daily g".m i"tio, rates ror ,II t h ~" temperatures. i ~
r,et;litln.L;tes. Wit h the except ion of the 2S<>C treatment , the gernu nnt ion ruto

fur E. eamesii \\' 35 highe r th an .tha t of E. nig rnrn (Tab le -t-ri]. Til l.'gencr nl

pat tern de pic ted in T able 4-.'), is t hat as the temperature decreased the

germina tion rat e 3\50 decrensed , excep t in the. C:l SI' of bo th popula tions of E.

fli r/rum at 10° and 5"'G.:,where r.heeate s remuined stablc

For t he majori ty of seeds orbot h Empetr um species at 2!)<>C, germination

took place with in 15 to 25 da ys Irom th e onset of the cxpc nment (fi~. ·1-7) .

Emp elrum nigrum showing a higher germination success than E. eemeeii, once

. E. eomes ii reached a platea u.

At lOGe, however , most seeds ger mina ted bet ween 25 and 35 J ays, with E.

eamesii sto.r ti ng to ge rmlne tc at Jay H and E. njgrtlm at d ay 18 and 21 for site



T'bI"'~' Mil" pereea ' ",.I Yiabm,y I± 5E).f •
. (~mpetr'um nigrv m and E. ~amt.ii remaining

rrom the germinatio n experiment . Th e tot al Dumber
of seeds is indicated in pare.nthts i:s; a total 01

10 plots each specie! was measured.
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t

Sp.dee

Temperatun ( oC)

25 ° 10 °

25 . 8 ~ 11 .5 82 .2·3 .2 "
( e =276) ( n =-1 64)

39 : 9 + 8 .2 66.4 :. 6 .S"
( e =-1 ( 2) (n = 199)

s'

8 3 . 4 ~ 4 . S
o o

,

(n = 1(5)

49 . 3 " 4 .t ··
(n =-g O)

(

\.

• va l u.. are i gnl t1ca.n t ly d1t i.rent a t ' P ( 0 .0 6

. " valuo. are 8ign1ficaD~lJ dit h rUlt a t P < 0 . 01



Figure 4.~7 t Cumulative germination or Em pd rum n igrum
and E. eames ii at 25°, 10°, end soc

with respect to sites.
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T.• bje ....0: .Germination rates (leeds dar-I) from
'\ the germination curves of Fig- 4·7 ,

Spec1u
Temperature COC)

25° 10° 5°

,

3 .2

2 .8

0 .4

1.5

0 .5

1. 0



II and site 3, respectively (Fig. 1-7).

Seeds in the SoC treatment , germina.ted mainly between 2S end 3S days

from the beginning of the experiment (Fig. 4-7). Both populat ions of E. eameeii

along with the e03;Stal populatio n ot E. uigrum , began germi"nation on day 20 of

the experiment , whereas, E. nigrum from site 11, began on day '.H. The

germination ra te in Fig. ·1-7 shows tltat E. eamesii from site II , had the highl'st

germination success compared to the remaining populat ions of Empetn lm : E.

niqrum from the coasta l site having the lowest germination success. T he two

eemnining sites show an 'intermediatl' germination, with E. eames ii from site 11

hnving 3 higher s('f'd germinatio n than E. uigr llm from tho mixed site [site I I).

4.4'. Mi crohabitat A nalysis

A summa ry of the microhabit at variables (means ± SEI monitored durin g

(086 is presen ted in T able 4·6 and the datn for 108i are shown in Table 4·7. T he

'dnta set ror l{186 are present ed in Table D· I and for 1087 in Tab le D-3 (Appendix

DI. Data for both field seasons .shcw th ~t the mean annual air tem~eratuies at E.

,lIigrum sites ~re warmer (an average of I. IOC) than at the E. cameau sites. In

cont rast, soil temperature arc warmer at the E. eome sii sites (an average of

!.-i0C) than at the E. nigrum sites.

Windspeed was higher at the exposed sites of E. eamesi i compared to the E.

nigru m sites (an average or 2.6 In s"\ Snow depth was recorded for only the IQ86

season, and litt le snow accum ulation was recorded for E. eamc.sii compared to' E.

rligrum. ~

Tab le ,1.7 shows significant ILlt i~ud ina l differences between the species and

Jh' :,m~ i, observed Co, available ,"hi,,'::' E mpetmm . i,,,,m was found to
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have greater D\ltrient concent!ll.tioll; 'thllD E, eame81t . Th~ 1087 da ta wee tbe

d3.taset used in tbe stat istical ana lyses that follow.

4.4.1. DIscriminant Fun etl on Analrsls

On e discriminant function W/lSextr ac ted h om the data in Table ....7,

accounti ng Ior 100% of the variation betwee n E. ea mes ii :l. n~ E, Iligrurn. The

discriminant func tion is II Iunctionot windspeed {Tab le 4-8}. Thi s function is,

therefore, interp reted as an exposu re gmdlenr. Em petr um eam esii grows in more

exposed areas where higher windspecds occur compared to the E. lIigrum sites

(Table -1-6 and ·1-7). Littl e snow nccumulatlon was reco rded for E. fames ii in

I{lSB, which is ulso an indication of high wind . Great er snow depths wcre

measured for the £ . nigrum sites (Table 4.6).

T he ctasstncauo n results of the Discriminan t Fuo ceo n Ana lysis shows 100%

elassiflcntlon for each species (Tab le .f.{I). Therefore, complete separation of the

species was found, based on th~ stle ctcd microhabita t variable s.

4.4.2. Multipl e Reg ression Ah alrsl:

1'lIe ste pwise regression result s arc sum marized in Tnbtc 4· 10. A signirica nt

. ' regression equa tion for E. eameeii was calculate d, account ing for 77% or tbe"

va rieuon in-abundan ce. Windspced was t~c variab le responsible for this linear

relntionshlp. [!mpelrllrll ea:nesi i was Iound to b~ presnntin lew abundan ce (x=

37%, n = 5 sites) io the sampled sites, indicati ve of high windspecds. BmpetrlJm

nigrlJm, on t he other ha nd, shows 00 relationship and it is present in grl'ate r

abundan ce (x= 60% , n = 5 sites) th an E. enmeeii,



Table 4-81 Meant (± SE) or mi~rohabitat
variables fer th e 1086 field Sf&!iOn .

These are basedo n annual and seasonal
periods; n = Dumber or measu rements.

Air Temp. So 11 Tllllp . lind Snow
, Oe) (Oe) .. (III w· 1) (em)

L~
annual 7 . 4 . 4 3 .0 2 .. 0 ~ . 2 ' .3 ~ l.4

(. ·-38 ) ( . ;-38) ( . 0 8) (. 0 18)

.. in ter - 0 .4 . 3 - 0 .6 . 3 0 3 ~ . 1
(. ·21 ) ( . ; - 22) t ' · 4)

epf lu g 10 .1 ~ 8 1.3 . 4
( . · 4) (. ;-4)

19 .0 ~ .s ' .3 .e .. 8 . 3
( . · 13) (0 =- i 3) (. ·- 4)

L wamellH
annual ' . 4 . 2 4 .8 . 3 4 . 1 .a l.4 ~ . 7

( . · 39 ) (0 =- 39) ( . ·-,) (0 . 19)

.. i nter - 0 . 8 ~ . 1 - 1.3 .a 4 . 0 . 3
(. · 22) (. =- 22) (0 =- 5)

. pr i ug ' . 7 .e 8 .' .e
( 0 · 4) (0 ; -4)

21.3 ~ 3 .' 13 . B ~ .s 4 . 3 . 2
(. 0 13 ) (0 = 13? (e .~4)

:. ~



Tab le ....11 Means t±SE) of microhabita t
variables (or the 1087 field .eMOn.

Windspeed is divided into :LnBusl and
n asonal periods. The to ta l number o( plots

is indicated below each speeiee.

IU crobabitat. Variabl.. Splci..
E UIlI"U L~

(.0=25) (.0=25)

Elevation (oJ · 324 .0 .:!. 5 . 4 99 . 0 .:!. 7 .15

Air Temperat.ure (Te) 15 . 7 ~ 0 . 3 7 .' ~. 3

Soil Temperatun (T. ) 5 .0 .:!. 0 .2 3 . 9 .:!. 0 . 6

Annua l 'Iind,plld (Ill , . 1) 3 .2 .:!. 0 .1 1.1 ~ 0 .1

Spr in g I1nd'pnd (i" .') . 3 . 3 ~ 0 .1 1.6 ~ 0 .1

SUJIlIIIe r lind.pe l d (11 1 '1 ) 3 .0 .:!. 0 .1 0 .15 ~ 0 .1

pH C. 2 ~ 0 . 1 3 .9 ~ 0 . 1

Or gan ic Mat.t.l r (I) 11 . 3 ~ 3 .3 67 .9 ~ 5 .7

Nitro ge n (pp m) 8 .5 ~ 1 .1 29 .5 ~ 3 . C

Pho.phorUi (ppm) 2 . 7. .:!. 1.2 24 .5 ~ 3 .2
,-

Pot. auium (ppm) 57 .C ~ 21 .3 605 . 7 ~ 168 . 0

Sodium (ppm) e . 3 .!..3 .e 378 . 0 ~ 88 . 1
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Table 4-8: Discriminant Function in 11

.. twelve m icrohabita.t space .

IUc r ohab i tat Variable, Funct ion 1

SUIIllIIIr Wind'pud 0 .6 i 5

Annual 11ndspud 0 . 40 2

Sod i um - 0 . 332

Elevation 0 .3 14

Nitrog eD -0 .2 55

Pholphor u ll -0 .25 4
~
Pot;a ssium - 0 .25 0

Orga ni c .~attlr - 0 . 243

Spring Wi ndllpeed .- 0 . 229

pH 0 .072

Soil Temp er ature 0 . 069

Ai r TIlIlperat ure - 0 ,068 \
Pe rcen t Among- Sp llciea. Variation 100"
Cumulative Percent 01 Variance 100 "
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Table 4-lh Classifie4tion r~ults or the DiscrimiuDt
Funct~D Analysill ror both epeeies.

o.

25

25

· 25 ,
(too,n

2.
(100 10

Overa.ll Clau1! l<:atlon Succus ",- 100 l!



Sp eC i Gl

..,.,. ,x.,.·, ,.·..·. ' ,'" :,' "..

,
Tab le 4-10: Summary of the ste pw ise regression on

abundance or Em pdrum nigrum and
E. earnesii, and the selec ted

microhabi tat varia bles.

Equa t.i on "

0 .77 J :: 1. e2 - 0 .3 26WS < 0 .05

J :: ar cs i ne (proport.i oll cover) 0 . f

i s .. lI1JlIlI%IeT wi nd,p ll ed (m 1 - 1)
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Ghapter 5

Discussion

5 . 1. Em p e t rum M icrohabit a t

wiedsp eed was [ouIIII to cont r ibute most to the dirr..rence in tn t'

rnlcrcbabuot of E. nigrtun and E. enmes ii . Th e Ernpetrum genus can be

consid ered stress- tolerant, growing in inorganicall y and phys ica lly-st resse d sites

(G rime lOi{)), however , a t the species level stress to lerance may vary in inte nsit y.

Wind is an ever-present climatic factor on exposed alpine ridgts and slopes

Because of the treeless alpine environment wind call Teach high speeds in fluencing

. the growth of arctic-a lpine plants [Nobel Ius t , w aeren-wtlscn lOSO) ~ Thi s is seen

in the differen t growth forms of E. n igrum which Is procumbent and trail ing; E.

• eomes ii is prostrate with sh~rt branc hes. windspecds, how ever , de- re use closer ·

to t he ground , redu cing ai r flow wit hin the vegnt ation canopy . resulti ng in

reduced plan t dehydration. Temperatures rise a.few degrl.'es h igher in the

vegetation canopy tha n tbe amb i('nt nir temperat ur; (G rahh err and Cem usee

l{177, M~lgaard H182 , Sohlborg and Bllss U)S·i).

Furthermore, wind is pr imary fn.clor tha t can affect t he distribu tion of plant
( .

com munities; only the wel l adapted species will colonize and su rvive in wind-

swept areas. In t his insta nce, E. eameeii was tbe colon laer of th e alp ine

com munities. T he abundance of E. ( om( llii was negati vely associat ed wit h mean
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wiu d speed, that is, as windspeed Increased such as in the alpjne areas , yegetation

coye r decrease d. T his ob se rvation is con sistent wit h th'e find~ng of the

multivariat e anal ysis that winds poed is a primary Iaetc r determining E . tames i i

microh abita t and subse que ntly Em pet rum d ist ribu tion. However, other varia bles

tha t were not considered but may co rre late Wil~ wind speed (e.g ., incr eas e

eva poration of plan ts ) ma y Inrtucnee wind an d so wind speed is not the only

variable respon sibl e for s uc h a relati on ship. Th is ind ica tes tb at E. ea m u ii is

adap ted to exposed areas, in cont ras t to E. ni grum wh ich gro ws in more

protected areas .

T he micro topography of alpine areas co nt rib utes to t he suitabilit y of

micr osites for plant s and th erefor e, to the ir d istr ibuti on . Small de press ions in

t hese sites nre asso cia ted with higher soil tem pera t ure, ~1ll0W dr iftin g, a nd less

seve re wind (' rre~sj soil e rosio n is.a lso minimized (Billin gs a nd Moon ey 196~ , Bliss

1002 , Nobel 1981, Wtmen-Wilson HISO). Since windspeed s ar e low at th ese

'microsites, less abrasio n and- desiccatio n of plant tissue occ urs, and vegetation is

bette r protect ed [Nams and Fr eedman I087b , Tiren ey 1072 ). Abras i~ and

dehy d rat ion of the leaves ove r a peri od of t ime causes dea th (lindley a nd Smith

U183 , 1086).' O bse rvat io ns of E. eam eeii showed tha t the m idd le bra nc hes of a

d ump died-orr first , nnd tb en thi s op en space becam e coloni zed by lich ens and

grasses; th e sur ro unding branches of E. eolme~ii clumps survived. Ar ctf c-alplne

plan ts living in a t reeless envir,onme n t colonize rnierosite s where th e ef fects of

wind arc redu ced - . T his wa s obse rved for E. t am esii', whi ch grows sca t te red

:Houn~ :~ks and in sma ll depr ession s where wind-b low n matter (t .g., so il, plant

mater tnf] ;vas able to ne e\lmulat ~.
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Heath s6ils ere cha rac teris t ica!ly acid ic and impove rished in aV3.iiA.ble

nu tri en ts (Gimingbam 1072, Goo d "1027, Karls&OD 1087, M~ades 1 9~).:.. The pH of

th e stu dy sites were acidic , rangi ng bet ween 3.3--4.6 (or E. nigrum, and3.8-5. 1,

fot E. t amel/ii. Ha nsen (1076) repo rted E. nigruffl sites to range in pH betwe en

3,0-1.2, whereas , Beltend T 3.liis {I0731 gave a. wider range of pH 2.5-7 .7, which

included different types of E m pet ru m habita ts.. T he soil samples from t he s tudy
- ,

s ites wer e found to be deficient in nit rogen, phosph orus, ODd potassium , compared

to decidu ous shrub hab itat [ Jonasse n l(183). Em petrum earneeii s ites ha d the

lowest nutrien t co ncent ra tio ns. T he av erage nutr ient level!<- for bot h species sites

were K > Na > N > P . Th e nu trien t deficiency of hent.hland soils hus been 'j;J'
docu mented (Gimingha m HJ72, Hansen 1076, Kar lsson 1087, Maim er and Wallen

1086, ~,tarrs 10i B).

Av ailable nu trient s cont ribute d to the interspccilic va riat ion in the' }

multivaejate analysis, Sodium was the first nut rien t to sh~w a high v ariation

betwee n the two sp ecies. Sod ium had higher soil concentra tio ns on t he coas ta l

sites ot E. nigrum and WM vir tunll y ubsenr at t he E, ca mC-8i i si tes. It might he

su ggested that E. n igrum is more tol erant, to h igh sodium conce~trations tha n E.

ea mes H, ~pecia l1y conside ring how common E. lI i grlu n is along the coas ts. .

Ma rrs (I078) conducted a study on the dist ributi on of cc r~ er teececu s

species and concluded th at species wit h h i~h sodium concentrations hc d an

oceanic distrib ution , wher eas spe cies with Idw sodium"coDcent ra tions ha d a

continenta l distrib ution . Based 0 11 th ese obse rvat ions E. nigrum is an ocean ic

species com pared to E. eames ii , which grows Iar th er away tro m the coasts.

Alt hough sodium ill not a particular requirement tor E, tligru m to grow {Hansen
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H)?~. it can substitute ror s~me plant needs otherwise satisfied by potassium

(J anick d al. l QSl).

Potassium is an essential plant nutrient tor t he formation of carbohydrates

(J anick et al. IGSl). Lipids and carbohydrate levels are high in evergreen shrubs

and consequent ly contribute to cold hardi ness (Bliss 1062, Fonda and Bliss 15166).

T his is important for arctic-alpine plants since it minimizes winter da mage...
Interest ingly, potassium was roun d to have the highest concentration among all

ot her nutri ents for both species. Em petrum nigrtlm si~ad higher potnssiu~
conecnteeuons then E. eam es ii sites. Th ese results c?nrirm observatio ns reported

by Ferna ld (I007),"""'lro found E. nigrum growing in areas rich in potassium ... , .

Nutrient cycling is rest ricted by cold soil temperatu res (v an Cleve and

Alexa'nde r 1081), which was also observed at the study sites. Soil temperatu res, in. .. .
1086, or the alpme sites were higher than at the coastal sites; these were probably

low enoug h to restr ict nifriflcntion' and ot her nutr ient diffusion. Nitrogen'is the

prim ary limiting nutrient (or tJlnnt commun ities in cold soils, followed by

phosphorus (Haag 107-1. , Henry el aJ. 1086). Organic matt er decomposes slowly in

cold soils and nitrogen nnd phosphorus may stay bound to organic mate rial in nn

unnvniluble state [Babb and Whit field 1077). Heathla nd soils are not very act ive

in nitr ification (Gimingham H1721. and the low nitrogen levels or the st udy sites is

indica tive of the lack of nit rificat ion occurring in these soils. Ehcsphcr os was also

in vcr)" low quantities; E. nigrum had higher 'concentrations than E. eames ii

si tes. T he lnu er sites had only tra ce amou nts or phosphorus ( r~nge = 0.7 to 30.5

ppm , A= 2.7 ppm), whereas, E. nigrum had, concent rations ranging (rom 2.2 to

12.0 ppm (t = 24.5 ppm). T o increas e the d ficiency of nut rient diffusion and

/
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uptake by Lheroot system or Empetrom, II symbiotic relat ionship exists- with an.
cricoid mye orrhlaa (Read Ig83).

Emp~jrum h as been found to rea ct to 7ib leve ls of nutrients (N , P, .K ) by

aet~IY decre asing in abu ndance wbee h"ea;ily fertili zed (Chapin and Sha ver

IggS, Kaetssoo IgS7) , but in some cas es slig ht increases in net produ cti on in

evergreens and gra minoids were o'bse rn d (li enry d ol . 1986, Shav er and

Lecbcwlcz 11'185). T hus, everg reen sh rubs a re specifica lly ada pted to low nut rient

co nce ntra t ions. The present st udy foun d ove rall nutri ept levels to be low- for all

s ites, simila r 10 observ atio ns from ot he r s tud ies on alp ine plant cO llun u n it ic~

(Hen ry d ol . 1{186, Karlsson 1087), a lt houg h high biom ass is main't'ined und er

such conditions. Th is is part icu larly v isible Ior E. nigrum which forms exte ns ive

eom munit.lcs coveri ng la·rge areas alon g the coasts"

Elevation was pnot her var iab le t hnt co n tributed to the exposu re gra dien t.

Empetru rn ea mt: s i i domin ated sites a re always found at high elevat ions on the

Av~lon P en insula a nd on th e West co ast of the island o f Newfou ndla nd. In

co nt ras t, E . nigrum domin ated sites are ma in ly round along the coas ts, wh ere

humidity is bigh, and S u.~emperatu re ma xima a re low (Dah l lOS1, Damman

Ilf6). Elevnncn o f th e sites wa..o;corr elated with coole r tempe ratures an d high.er

wfnd sp eeds, this in turn, causes an in cr ease in eerbohydrnte levels in plants, which

in creases the respir a t.icn rate (Mooney and B illings lOG;) ). Alpine plant s a re

adapted to t hese conditions and can n ot surviv e in areas with hil!.h .nvcrage

sum mer te m peratu res (Dah l lOSt , Damman 10161. Th is is ItU " of E. t:tJl1lt: Jjj j

which grows i_nwind- swept areas and du e to wind, temperatu res re main cool.

A ir and soil tem peratu re did not con~tibllt c sign ifi cantly in tho
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discrim ina t ion o r t he speci es. Empetrum ni grum sites have a bigher a ir .

t emperat ure than E. eamesii; howev e r , the inverse is tr ue for so il tempera tur e ,

Th e d iffer ence iii so il temperat ure be tween species was 1.2°C. On e reason which

ma y acco unt for th is is thilt th e E. ea rncsii s ites have a much sp arse r vegeta tio n

co ver. thus I\llowing mo re so lnr rod·in.tion to reneh t he ground , heat ing t h.. so il

mor e qui t kl y follow ing suowr nolt . EmpetnlTII uigru m sites ba.ve a dense r

vcg c t a t ion cove r which iMu lat efl the floil, det a ying soil thaw , T he lack of a

sig niric an t a ir and soil te mpe ra ture di rf~r('n ce may be due to ~b(> resw ic red stud y

regio n, Howe ve r if sa mpling ha d b-o n ,(''' t ended to t he pop ulat ions of t he Wes t

cons t l ('mper alun ' mny ha ve bee n a dis er irninat ing fa ctor in the mon tvanete

analys is because of the greater s pa t ia l r ; nge. Damm~n (10 ;6) found th e

t ..mpe ea tu re dirf{'rl"ncc bet ween th e coas ta l alte s of E . Iligr um aad of 'E . eem es ii

at the Haw ke Hills to be i .cvc . In this- study the av e rage s um mer temperatu re •

{3.5 em below the ground surface ] of t he coastal and Haw ke Hifls site s was ca

5, 2 . P henology

Allho Ul;h lt lPr l' has been snow work do ne on t he phenolo gy or E. lIiyrllFII nu

s uch wor k has hecn un der tuken on E, came eii . !his a sp ect of th e st udy

a tt em pted to detect mi nute di rrer l'n ces between the species, which rna}' han

...... ind icat ed di rrerencl's bet ween mierc habnats. Howeve r , the phen ologteal

d evelopment or E. ni gl'lIm und e. ea m es i i was not round to d iner, E:'I.r ly

blooming is common for nrcuc-nlpi ne plants (Banniste r~ The b loo ming

per iod reco rded in _his study, wh ich was imm ediately after snowmelt, ~
co r ro borated by t1~e long term c bscrvut jons undertal en\y R'ogcr Etc h~bcrry. .

-,
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(pe rs .. comm.) of both epeetee on.the islands of St. Pie rre and Miquclon . It abo

follows the general ph enological descript ions gi ven .by Dalby (I l]Bl), Goo d (.IIJ27 )

and Mentz (101 2).

P rimary tactor s innucmcing plant phenoiogy in al pine are as are snow cove r

. and soil temperatur e (Bliss 198~ , S~r('nsen 1l]41 , wl ejgcl askl and Kiirenl ampi

l;liS; Woodley H180 , lUSt}. S now depth and t he time or meltin g are im port ant lor

~ nb it llt sdcdion of species and pldnt comm un ities i ~ a lpine a reas .

Th~ sno w COVN , parti cul arly at t he alpi ne site [si te OJ, 'was found tq be

interm itt('n't witfl nn average encw acc umulat ion or only 1.4 ern during t he winter ·

1 ~$6. T he co.~~ta l si te ( ~it t> 3 ), however , had 1\ more pcrmane.nt. snow co ve r

through out ih e wint er . with an average nceumulation o r ;'.3 (01. Althoug h a

significant di,.rerent'e in snow cover was r.ct'ord ed (in 1086) between the sites th is

was not acco mpanied by en observed difference in phen ology and snow cover may

not be critica l for det erminin g the.Ilowering per iod of both species.

~tea n su r lace soil tempe rat ures d ur ing t he sl~ ~.illg or IOl\6 and HI~7 were'

higher for E. cemesii sites than for E. lligrutrl sites . E\"('!I with this t1itrt>rt'nee in

soil te m perat ur es bet ween the two species. phl'no logica l developmen t was not

delaye d even thoug h t he tempe ra ture fact or WAS Iouud to be erit it'a! in o t her

Sllltlirs IWielgoli~k i nnd Kiirc nlllmpi 1075, Woodley 1080 , 1081) . '\ 5 with the

d i rr(' ren('~ in snow. covet, the dtrrercnces in t<'ln perntur/eror tled ru~ thi s study

may- ne t have been large enOllgh to rrsu!t in nny var iat ion in ph cnologicul .

development between the species.

Snowmelt i5one or the t riggering fnctors for (lb.nt!! to st nr t Ilowerlng. At all

5i lt~ sn owmelt occurred nt the end of Mar eh for 1080 nnd I week earlier in 1087.

;----



(" --;' ,. -" ' , ··. ;. r:,- , ..; .,1: ,;

70

This sligbt ly e arlier sp ring of HJ87 was accomp a nied by th e earlie r blooming .

period or Empetm m com par ed to HlS6 (T able. 4-1) . Snow melt, t h erefore, ca n be

considered im po rtan t. in contro lling flower ing in Empelrum species, as in othe r

alpine plllnts: Th e arct ic-alp ine shrubs Cassiope lelragorlQ(L.) D..Don and Saliz

ardica Pa ll. h ave bee n observe d 10 (lower followi ng snowmelt in respons e to the

sudde n release o f nutr-ients, an increase in soil moist ure a nd soil t empera t ure (Bliss
I . .

10S5, Nte tteld-Nerns. I DS! , Woo dley 1080 ). T he results indicute t ha t the

measured microhabitat variables, alt hou gh significant. d id not show largc ·l! lLoug~

din er"cnr es among specle s to co r relate wit h pheno logy.

5,3. slio'ot Elongation

Alth ough shoot elong atio n was measu red a t only two sites (sill's:\ a n d {II in

Hl~6 , m easur e m ent s ta ken at ten sitos in IDS, showe.l t h » same tr end. In lOS, E .

niqmr n had a sigl; ir!ra ntl)' high'er shoot growt h and ~row th rate th an R. comesii ,

Ilol h species wore round 10 grow between O..l·" .J nun in a grow ing sr.lson

[Table s lJ.3, fl.·I, Appendix IJ), with H. ,, ~ grum h:w injl;g r('3ler len gth inc re ment

than E. ~'WI C8Jj: The pr esent s t udy eonfir rns pr evious shool gro wth studi es

undert a ken on E . lligr llr'~Kirl!hn(' r t l ar. H125. Lindholm 1080. Menu UH2).

Othe r heath s h ru bs ( f::rira cinerea.·I..• E. Itlrali z I." and CCllltln " vulgaris (L.)

lIull)that have beenstudied for growth d evelop men t sho wed a gr oatee shoo t

elongauon jhnn Emptlrllm, (0·', 68 and 155 mm, respcct ively] (B cnnlst cr UI7S}.

Thu s, Em petru rtl is {l. slow grow ing plnnt , which may be indic ati ve of the
It .

harshness or it s m ie~oh tlhi t nls.

Ernpd r tH11 lIl'aru m grows en ,is mn1 per yen r in th e Lnke Supt!rior region in '.

contrllSt 10 more north ern pO!"llntiolls, wher e 'gro:",·th b 1.0-20 ITJmper yea r .
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(BIl.Tclll.y·Est rup a nd Nuttall 1974 , Ment z H1l2). A great er a~Dual shrot grow th 

was measu red in t he prot ected site (5) for E: nigrum wher e th e windsp~ed was

the lowest (G.Gm s·ll. During this period, E. nigrum shoots grown in the

greenhouse elongated 128 mm pro viding a nother exa mple of th e importance of

microhab it at in a ffecting plant growth. Similar growt h ra tes to E. eamesii have

been reported for Cauiope Ielrflgollfl from a.tundra habitat {Nams Mid Freedmnn

JlJ87a).

TI~c presen t ! Iudy confirms t hat Empetrum has a highc shoot {'!ongl1l ion j n. . .
less f'xp(I!:(·d sites (sill 'S I: ;; ). ,\ n exposure r3 (' t ~r an d poe...~ib ly l ilt' Qu ld" Dl asp ,'cl

" . of the sites , a~r responsible for low shoot-gro wth of hoth ~ ~('(' j l'S. T~I (,~(,

environmontal.I acto rs Me <:I 1.':1rl)' more extreme for E, ('llIflf:si i, ronl rihuting In a

ccr tnin extent 10 its lower shoot growth compa red to E. lI igr ll n,I ,

The !Igc of th o plants was not considered in th is study, but as Wijk ( IO$Oa,

1080b) dcmcneu a ted. the age of the plant ""ill nr(f'('l growth 'fall.', For example. a

lh,rr.,IlSl'in shootelongntton was observed in .SlIIi x IIn b(l('ca L. jWijk I.G86a.

I086b) as shoot age increas ed; Ibis was rclal (>u to the slowing down of

physiological processes (c"g. decreasi ng transport ea pucity ]. Th erefor e, part o f the

\'!Irintion see n in the growth of Empelr ll lTl m*be d ue to nge :alld nlso to th<6" . -.
types of shoots measured. '

Vegeta tive growth of Empclrum occurs ill two slagc~ , The cnr" ' pring

growth takes place after now(!rlng in the' m(lin axis or primary sh~ts; summer

shoots, which arc secondary brnnche" nrc much , ho.rtcr and begin to grow in

June (Go:otJ 1 1J 27 ,~\ i r(' h n ('r eI ai, 1~25 , Mentz 1012). Shoots in this study were

• s('lt'd eli nt rand om, whleh mny have produced gtcntcr varteuon in.tho datn th rin
, (

"

, r

....
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it one type or shoot bad ben selected .

Shoot eloog-atioDof Empdrum doesnot indicate how the species sueeeeds in

(olonizing and est ablishing iu ell in 3 D n e lL Th is be bette r 35 S('S$ed by seed

germio:ltion experime nts. .I ~

l?4 . Ger-m lne t.lc nExpeelm eu ee

Sllte~sru l seed grrmina-tion is importn'nt in dt't ri mining the cont~ition :uid

I relative abundance orspl'('it'Sin pla nt ecmm u mues (G :aflh l'f WS-1). The, . .
germ ination exper iment s undertaken here, showed a n opt imum germinat ion at

25°C for bot h E. ui!}r"", nnd E. eamcsii, T his is cc rnrnon Cor arctic -a lpine plan ts

gl'Tmin:lt in g UOdN idul condit ions (Dell IOBQ , lkll and ! nllis LOn . Billings and

~ Iooncy IOG8. Ga rt ner 1083. Karlin and Dli~s 10,?' wemand MacLei\D Hli 3 ).

O ptimum gt'rminat ion at ~ 1I(' h high te mpera ture is p r~h :l b l)' :1 ~Iee~ive

m'(>{"!t:mism t b.11 e volved in alpine and aretic plant spec ies to avoid germ ip.1tion •. .
when hos t is promi nent , which would seleet ag.1inst J;«d.Ji~ g ~tl.b lishmen I I DIi~

1085 ).

# ldenl conditio ns <on 0<'"' bri, O, in ,b . Od d d uring the worm"'. mo.,tbor

the slimmer; however, competition with other plant s under such QOnd it ions ha.saD
. .

important role in dt'l ermining germination 01 these sr.eds. Marchand nnd Roa ch

. (U)80) dld'n comparativegcrmlnanon study lor different ercrle-alpine speeles

(Are non'(J flroenlandica IReh.) Spreng., JUlle lil lri/idllll l•., an d POlen l i l.l ~ . {

t r id en/al a Ait.) und er Inl.!Oratory nnd ~ield co nditio ns. Althou gh their Io.boro.tory

experirn'ents were succe ssful (88%, 88%, nnd 52% , r l.'~p~tiv ely ) , th~ fleld h inls

sho wed II. de crease in geemiaa tlcn138%' 17% . and 6% . rMpect ively). Th i~

IIUgg.C!l lt t~:t low st'edling su r\ iyn \O<'curs in th e ont.jbr~l ·enVironm·e~t hod,tha t

,
\ .
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"seed germinati on in th e field is infrequent. Althollg~ field germinat ion was not

,-rensidered "in tbis !tudy, I did not obse rve se~d ling esta blishment at the study

sites during the study period.

The germination .succese for E. nigrom at the 2So and WOC trea tments

(70.8% and 10.8% , l E'Spett ivcly) wos higher comp3r~d to the results of Dell (HlBQ )

(Gil?(,and 600, rospuetively] . Th is la t ter study did not t est seed germination or E.

Oigllllll n.t', Howe ver. Gartner 1.1083)reported th at E. n i!Jrul1I germinated

readily at 5°C. . •

Anoth er inter estin g feature cme"rgrs when the ge rmination expeelmcnts ar e

considered in relat ion to sites. Although E. eamesii showed higlier ger mination at

the mixed sit e thnn E. ,ligrllm , the m ixed site consiste nt ly had higher germination

for both species th an th e sites in which either E. nigrum and E. eames ii was t he

dominant species. Thi s may demonst rate the abilit ies o r both species to compete

with other plant species presen t at t he mixed site (e.g. Kalmia angusti lolia ,

l 'l.lccinium'"l'itis'1~ ea , V. allgus lilol ium , and oth ers). Empetr um species may

increas e their c~pet it ion ebilit ies by having seeds that germinate more readily in

t~e mixed site. Th e alpine and coasta l sites (3 and OJEIre nutrient-poor lind have

, . Iewer species for Empelrum to compete wUh. '"&npelrum do~inntes these sites

": and seed germination becomes .lcss important t han At th e mixed site where a
• . , I

p; rcate~ n llm~er.o r plnnt species grow.

, 1;be r(!su!ts with respect to tllo.dirterences in' tho germination of seeds Cram

~he 'E., earnesii alpine sit es and E: f1 igrum coasta l sites, may be explained by the

heterogeneity or tilt' sites' (Hnrper 1077, Sohlberg and Dliss IUS,I), A IIngt' portion

01the aIpino lites OO~') or exposed roeke, .i",ly un;Ui'~hl' ~' iorosi '" ror



germina tion to occ ur; th e rr mairiing area consists o f sma ll ~atc:b !-'5,o f vrget~tion .

[mierosite here is defined 3S 3 small area, i.e. cent imet res in scale, within th e.

study sites) . More errort is requ ired for E. t tJmu ii to survive in these sites ~ nd

this is expressed in increased seed germination.

. Soil tempet:l,tu re'h~ also been fou nd to be an impo rtan t germ in:ltion cue

[Rice I{lSS). As found here, winter soil tem peratu re was ctJ . l.ODC {Ta ble '--6) end, .

the !:pring soi l trrn nt't lltu rt' went up to 1-6l)C,.suit able for th e grrm ination 01

Empetrum seeds, as demo nstrated by th e germination expe riments carried out at

51le.

Th e presen t study found thnt E. t amt, ii had a red uced ger min::ation ::at

2.'.i°Ccom pare d 10 E. " iarum but at 10° and SoC E. eamee ii h::ad ~J:at.e r

gceminatlon s UC('CS$ t ha n E. nigrll m . Th is indicates th at it is adap ted to a severe n

environment and thn t microha bita t is important in dete rmining germinati on in

Em ptl rom . A ec mpam blc study, on th e d osely related tua udum

grotnla nditum Oeder a nd L. ptJlu,tr c ssp . ~tcUmbtn8 (Ait .) Hult., showed similar

trends [Kerlin and D1iss1 Q831. L. pdfuslrt , a more north ern speeieaada pt ed to

severe environments, ha d higher germination 166%) th an L. grol'plandicum

(&3f?o), the more southem species.

5.5 . Summary

Int crspceirle d illcrenecs , between E. nig~lfll and E. clll1lcaii have mic ~o.. . . . ~

• cavlrcn rnentnl, I'lS w('11 as, physiotogie'al'i!Uplielltio h:'l. Emp~trlJ "" ni grurn

microhab itat had low windepeed, bigb eodiu m ecnecnteeuc ns and low l!1~~4tion

....
ecmpared to E. ellmtll ii . T he remAining mie ro-environment al vllrillblCl th llt were

I , . .
considered did not cont ribute to th~ dbc rimina lio n of th e two apccicli in ~ hl!

I



, ,
multivariate Analysis. These microhabitat differenceswere then r ~la~ed to the

-~~~.,.} .Dterspecifjc dif~erences of shoot growth and germ jnetlc n of ~otb species: . f

Favourable micrositeeIce'germination were taken into consideration for the

'ge rm in a~ion experime nt , T here were few IevoueebteJmicrosites at the alpine sites

due to their heterogen eous state. A large port ion of E. eamesii sites consists of
rocks, clearly unfavour able for germination. , .

T he microh~bi tal da ta showed tha t wind an d elevat ion cont ributed the most

to interspecific dirrcrences. T his was interpreted from t he rrllitiva riate ana lysis as

an exposu re gradien t , with E. t omes j; growing in wind-swept areas and higher

elevatio ns tha n E. /liglllm . Emp etruni eamesii sites were also found to have

lower ai r tempe rature, higher soil tempe ratu re a nd 101V nutr ient levels compared

to e. nigrllm" 110weHr, t empe ra tures lind nut rient s did ~ot contribute much in

the separati on or the two speetes, due to the lower variatio n they showed

compared to wind and elevation. High windspced was cor re lated with low

. abu ndance or E. eomesii .

/ ' Phenologica l developme nt of both species was found 10 occur at tbe same .

time . T he primary microhabitat \' ~rillb lc thnt influences th~ enrly phenologi cal
I .

si nges, such' M flowering nod fru it format ion, was time of snowmelt.

Shoot growth sho oed ~igni(je4n t inl~rspecHic variat ion IhM mny be related

10 micrchabitnt _rences. The mirohubitnt vnrmb les t ha t have an crrcct on

shoot growth n.te wind and avnil3ble nut rients in th e soils. An exposure gra dient

wnsdevelopedwith th e mllltivf\tinte llonlysis, ~v ith wind being the vlltiable Ihnt

con tributed mos t of the vnriation between the spec ies. E'mJl/l/r IlUl tamtllii ,

,.
f-

gro wing in wind-swept nlpinll>lu eu , was rOIl.od to havethe lowest shoot g,?wth,
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Em pelrum nigr~m forms coastal plant communi ties where wind is not 113str ong

as alpine arees, and this species grew at a.great er rat e than E, eam ellii .

Another rector that may be'involved in shoot growth is t he con<'entra.tioD,or

available soil nutri ents ror. the plants". Empetrum eamesii site s were found to have

the lowest nutrient concent rations eompnred to E. nigrum sites . Th ese nutrient

levels nrc consistent with 't he Iindings ro"' shoot growth Ior both species. That le,

E. ea mellii sites were low in soil nutrients nod th e species had t he lowest shoot

growth: E. nigrum sites had richer soils and the species had a higher shoot

growt h.. finall y, age of th e shoots may :1150 tirreet growth, as t he shoots beepme

older . shoo t increm cntation doeruasce, but th is was not taken into consideratio n in

this st udy .

T he seed germ inat ion experiments ind icated that E. eomes ii is

physiclo gically bet te r ada pte d to exposed habitats tha n 1::. fligr um , Optimal

germinat ion temperatu re was 25°C. which is common for a rc tic-alpine plant s.

Empelrum eameeii had higher germination at 10° and SoC, compared to K

Ili!lrllm. Th e 5°C temp eratu re treat ment. is closer to t he natu ral condit ions under

which the se plnnts, germin at ed, such tompernturc s occur :arter snowmelt .

Ano ther finding for t he germination study was that th e mixed site [site II )

hnd higher germinati on SU~C I'SS [or both spe cies, thnn the other sites (3 and 0),

This may be relat ed to competition stratcgles and r nicrosite condit ions,,
Competition would increase in II. Ill\bitat wjth n larger number of plant species, as

in site I I , than found in the alpineand coastal sites. T he increased compel ition

\\;auld nocessltate hnvillg S(lCd3 that germinate more r(lndily.

...,
.,

vv,
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AppeadlxA

Representatlve Soil T ;pes of Empetru~

T ab le A~ J : Soil pro file descriptio n or a
representative Empt~Mlm lIigmm site (sitc 3 }.

Habitat : [lummocky CO:1.Stal heath.

Soil T >:pe: T ypic Folisol over shattered ro.ck and soljflueted.rn nterial .

Hor izon , Deptb Icm] Descrip tion

. Fill '1-0 iUa~k (SYR2.5/1 ) Iitter ,a.yer;.

•
67% of pallid" .> 2 mm; pH 6;
numerous fine to coarse hor izontal
roots.

HF I·Q Dark browo'(7.SYR 2.S/QJ humus; .,
20%or particles > 2 mm; pH5.3; ;
few lateral roots; lower bound:ny \

/
wa.v'!. . I

CI. 0-" Light grey (lOYR 4n)loa my ~a~d;
scliflucted materialf 36% ot.
particles.> 2 mm; pH 5.6; lew

:-. lateral roots . ..
--

C, . 21·31 Dark gr~y (10YR 3/2) loamy sand;
scliflucted materi31i 27% or

~::;i~~~_~r~~~~ 5.3;

R 31 + Bedrock, I3ndstone (pinkl.
-; ... .

,

; : ..:". ,,,"C.. - .'. ~ . ", 0"1'. _"

..~



Table A-2 1'; SoiTP.ro·m~l deser,i~;ion of a ' '. ' :
representativ e Em~~trum 'eame8ii, ~ite (sit e 0),"

H,b;t~t; Cryotu;b't~d' , 1, 1ne ,,;!
,.'. .' , ' . \

Soil,Type~O~ihie Hum o-Ferr ic ~o~zo~~o~u.r~ated phase .

Dark"reqdish brown'(.7.SYR4/ 4)
loam; 36% Qf pertieles > 2 mm;

' pH 5.3. C. .: .

Light brown (7.5YR 6/"') gravel, .
silicate rock and grani te;
79% of particles' > 2 rom; ~H 5.~ . .

Dark brown' ('2'.5YR (/4) loam; •
33%' of particles > 2 mm; ' .
pH 5.4; line ~o-a.rse~hor iJ;ontal
rO?ts;''vn.Yy~oundary .

.. Horizcn"

Gravel

BUy

"I

--C . Dl2y

Br3y

C

.

Depth [em]

0-3

3-15

.r

24·35

35+

-'/
" j

,~

:'~i
. . ~

Grey ·(lOYR (14) loain ; 30% of ~l~

particles > ;J.~m; pH 5.1. . • /"0
Grey (lOYR 5/3) sandy clay loam; -. .1
37% of partideg '-> '2-mm,pH~-,--' '- -,'- '3

. • ,I ~ f:

,',1

.,

, '

/
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A ppendlxB

Shc otElongati on Data
" , ...

» ,
Table B-1 :: Dai'ly shoot growtb rate [mm da<9'"i)

Ior IQ86; n = num ber of shoots .

;" .
? '.

~~ ~!!!!!!ll E~ ~l (si te a , "n = 23) (site.g, tI = "21) (g;;eDho~i • • n=' 10)

.,0. 060 0 .001 0 .4.66
0 .006 0: 048 0 .646
0 .026 , 0 . 164 0 .648
0 ,017 0 .183 • 0 .619

.•0 .01 5 0 .107 0 .628
~O . 224 0.021 1 .15B

0 .0811 Q, 027 o 160
0 .071 0.097 . 0 .634
0 .172 0.0 03 0 .73 1
0:00 0 0.073 0 .664
0 .04 1 0 .115
0 .065 0.060 \

, 0 .096 ' 0. 114 ,.\0 .602 0.066
0 .386' 0;099 . \
0 .266 . 0.169 ,I

.O~O42 · ... 0.098
0 .1 04 0. 131
0 ',227 0 .17 6 \0 .041 0.019
0 .119 0.106
0 .032 '.O.pS7



0 .032
0 .062
0 ,006
0 .0 47
0.021
O~101;

~:~~~--
0 .063 :

.oR

":, "

"')· , 0 . ltl7
0 .40 0

'0 .429
0 .209
0 .0'69

~ ,Or6

• ,(yo ,1&) d;~
' . 0 .126

0:.13'1
0 .026.
0 .147

. '0.926
0 .f5B

'0 .099
0 .113
0 .13 6
O .O~~
0 .114
0 .066

, 0 :.034

0 .067

S~te No.'GR

0 .448
p .Q79

<0 . 108
0 .0 31
O.lSt
0 .24.6
O. l f9 ,
0 . 083 -

0 .222
0 .236 .

0 .083
0:'068
0 .139 .
0 .106

( 0 .097
. 0 .106

.(contin ued next'pa ge)

7 (n = 17)

6 Cn =14)

Site No.

I

'GR

-, "Tabl~ ·B-2: Daily'shoot 'growth ~8te '(GRl:('mm day"l)
- Ior IQS7; n = n umber orshO:C; ts: .

1 Cn = 14) 0 .106
0. 077.
p'.317
0 .697
0 .181
0 .093

. • 0 .063
0 . 06fj
0 .025
0 .06 7
0 .1 00
0 .211
0 .186
if.39B ""

'2 (n=.14) 0 .Oe8
' 0 . 248
0 .070
0 .056
0 .07 6

~ '0 .1 68
. 0 . 045

0. 086 ,
0 :141 .
tl .337
0 .889
0 .026
0 .02 "6
0 .0 76

3 . (n = 11) "0 . 140
0 .205
c)-,069

Site ,No .

\



)

!:
J.
I

I
I

:';., . ~ ' i

./

0 .008
0 .114
'0. 162
0 .095
0 .21 3
0 .064
0 ;103'
0 .026
0 .174

10 (n = 11) 0 .11 2 .
0 . 101'.
0 .050
0.076
0 . 024
0 .16 1
O ~ 126
O.13!l
0 .133

" 0 .006 •
0 .'082 •
0 .09l

CJ" 0.093
0:04 0
0 .034
0 .031
0 .0 07
0 .041
.0.017 .

0 .082
0 .156 ;

· 0 .031 '
0 .035 .
0 . 020
0 . 063
0 ·fJ4,4
0. 067

0 . 100
0 .072

• 0 .141
. 0. 031

· 0 .0 59
0 .054
0 .060
0 :116
0. 028

' 0 . 043
0 .021
0 .039
0 .061
0 .115
0 .244
0 .0 29
0 .268
0 . 024

· Q.246 .

. ~ 0. 083

0 .063
0 .132
0 .187
0 .096
0 .031

Site Ro.

8 (n =19)

.7



,~.

,: -,
~..

L~ { ' E. _amnii
Cn = 19) Cn = 19) Cn = 21) . -~ 20) CD = 19" Cn = 23)

: 3 2 .20 2 .00 20 .95 1.10 16 . 20
2 .S0 1. 30 9 . 95 15. 40 O.qO 9 .10

.'-,-- 0 . 05 ' : '22. ~O 13 .65 0 .'60 8 ,':;,0
2 . 15 6 .15 3 .1S . 0 .15

"6 :40 9 .05 11. 90 10 .40 4 . 95

22 '~O5.
', 1- - - S·.35 3 ;45 0:25 13.,35 .

1 ,80 17 . 65 ---- ' " 18 .85 ;
10 1.45 2 ,25' . 9 ,5~ 12 ,45 0 .80 4 ,30 "
91 10 4 , 10 12.25 0 .90 ,, 11. 95

2 :
1870

• 1.45
~~~~\

2 ; 70 . 1.58 16.)0
y :'- 2 ,60 14.76 1.95 15 , 45

12 .'16 5.~0 \. ~ > e.as 4 . 95 5:20 ..
5 .25 1.20 14.60 0 .65 -13. 155
~ .60 . _6 .65 43 .70 . .' 2 .00 9 ..eSli

'/' 2 ..00 0 ;90 5 .10 .' 0 .30 2 .20
3 . 60 0 . 70 0 ,30 4 :156

13 .35 " 9 .95 1. 65
4~ .36 2 .70 6 .60 · .13 . 60 0 .10 6 . 10
-;-7- 8 .96 7/. 80 9 .0S 9 . 06.

77 .10 •. 2 .90 15.76 ' 7 . 15 0.35 6 .50
i -- - 8 .35 11 .70 8 .05

30 .B5 3 .80 16 .80 22 .65 4 . 90

t~~
7 .06 2.00 . 1.70 1.06
0 .46 89 ~ 9 5. 12 .36 3 .30 ·

4t :4O• 0 .05 "'. 20'.70 '20 . 36 0 .60 12 .60

" '-,-~

• All. ual '= fl rl tt ~ay of .s pr i ng to th_ ' l as t ' day of summn '
Sp' ~ng =, 14 April' - 20 Na", .'
S ' er = 21 May - 10 Sept .
. 1 '
I

I
I



i

1. 10 ,- S.05 3.16
11. 86 . 3. 10 3.10
11 . 00 ; . 9.00 0 .30- 8.70
38 . 45/

3 (D ·r 17) 8 .46 ----.89-8.0;
0 .85. 24 ;40 4 .76 19. 86
18 .1~ UL70 6 .55 11.16
10 .15 s .as 0 .80 7.46

18 .50 Q.20 17.40
8 .6 0 29.26 " 0 .25 29.00
8 .40 14 .20 1,.35 12.85
2 .8 6 7 ~ 55 ' "7. 70"
8 .76 3 .70 . 0 : 30 ' 3:40 .

11 .4 0 1.06
23 .80 53 .30 1. 16 62.15

"
o . ---- 1.36

9 ,45 9.8 0
21.00 12 .80 13. ...0
43. 20

• ( 21 ,. 19) 69 .00 1.26 18.66
.10 . 26 2.80 0 . 06 2:76

30 .2 0 0.1 6
"9 .30 14 .70 · 16.60

. 8 .66 ;,.- 4.30 0 .2 0 40.10
9 .4 0 0 .4Q "0 . 10 0. 30

.18 .60 3 .e6 0 .0 6 3.80
14 . 10 0 .6 0 13 . 80

0 .526 ---- 0 .10
10 .20 1.60 4',45
18 .80 11.76 0 .26 11 ,60

"40 ,00 ' 1'.96 - 2 .36
2.1.4 0 .S. ! 6 ·. B,80

(continued nut page)

0 . 10

0 .30
1 ,00 .
0 ,16

0 . 2610 .6 0
29 .65

8 .35
8 .86

· 8 . Sl5
18 .8 0

6 .40
10 .20
18 ,16
40 ,05
"16 .26

~~
')

1 (n '" 11»)
ia.eo 0.. 75

9 .2 0
37 . 76 1.30
71 .1 0 1.60

19.10 0 :95
11.10 0 .36

1:36
7 .60 , 1 . ~0

7. t90

3 .0 0 0 . 16
8 .0 0

11 .86 "' 0 .46
26 . 10 1.60
.. ·. 66

0 .20
22 . 06 1. 06
47. 10 3 .g0

2 (21 =17)

. '
~..



Site

'0 .
,Annua l Spring.:: SUJIlIIler . Sit..
Grolfth Growt.h Growth . ~0 4 '

Atuaual
Growt.h

0 .76 6 .70
1. 20 ~ .70

0 . 10 "

3 .36
8 .70
4 .30
1.95
1.3 0
1.40
2 . 20

12 .75
7 .95 .
2 ,00
9 .00

10 .40
19 .35

2 .60
3 .75
4 .25
6 . 66
5 .66

12.40
14 .25
15.05
0 .60

13 .00
7 .4 0
1.10
7 .05

4.30
1.06

1.10
0 . 40

0 .60

1. 00
3.20
0 .66
0 .50
2,.95

' 3 . 06

3 .85
7 .95
7 .35
0 .55
6 .60
2 .45

12.00
7 .36
1. 40
7 .5 0
9 .75

18 .56
3 .7 0
4 .15
2 .35
6.'1'
5 .20

11 .80
13.45
16 .06
3 .80

13 .55
7 .90
4 .06
6 .80

7 (n = 18)

13 .9 0
9 .2 0
6 .6 0

6 .76
4 .7 0

13 . 65
12. 75
12 .36
6 .96
8.10

12. 10
1&.65
11. 36
14 .90

, 16 .60 "'-
' 16 .60

5 .45
21. 16

9 .95
. ic .ee

22 .20

9 .90

9 .86
7.80

19 .2 0

3 .10 .
38 .30 .
38 .15

6 .45
3 .90

12. 60
7 .80
6 .70

11 .80
24 . ,90 .

/ ~~~.:
/ .:::~

I 47 .66 \

1/ 5~~~~
j ' 26 . 40

/ 12 .60
.29 . 05

9 .85
6 .90

6 (n =18) 16 .6 0
12 .60

-;

3 .46 0 .90
31.96 --- -

2 .90 1.96
29 .30
12 .00

. 8 .60 0.46
' 115080 0.90

(conl in ued ned pa'ge)

•

~ eames1i

6 (n = 19) 7 .15 7 . 15
0 . 45

48 :90 2 . 10 48 .8 0
16 .00 1.76 13 .26

0 . 60
15 .60 0 .10 15. 60

0 . 66
2 .96 0 .16 ::1. 80

17'.46 2 .76 14 .70
3 .0 0 3 .05

18. 85 0 .90 17 .95

9 (n = '20) 29. 05 1. 86 27 .40
13 .70 0 . 10 ' .13 ,60

0 .'26
2 .65

32 .35
0 .96 .

29 .66
,12. 46

8 . 15
15 .90



{~i~:t;';:\):i'-;~{f' ";f;: ';'';>. '''''

>~/. " '"

~~,<~" AJlnual ' Spring <SUlIlIIler
Cro1fth Gro.tb Growth

7 .00 12 .60
1.10 ie.sc
1. 16· 4 .85 .
0 .90 8 .20

- o. OO ~

1.85 17 .30
2 .16 • 12,.... 85.._
0 .65 15 .66
4 .BO 0 .10
1. 76 0 .2 5
3 .35 7 .60 _
1.05 10 . 00
0 . 25 4 .5~

4.45
' 4. 65
1. 50

15 . 90
1.30

· 1. 55 8 . 15

. 10 CD =: 19) 13 .30
"12 ,00

6 .00
9 .10
2 .85

19 .15
16 .00
18 .20

4 .9 0
2 . 00

10 :85
11. 06 J

~,.O

4 . 00
3 .65
0 . 80

15 .BO
0 . 56
9 .7 0

11. 80 ~

25.7 0
12 .1.5
6.80

12.20

0 .30 3.40
7 .05
7.76

0 . 05 6 .35
14 .35

0. 10 3.25
.6.16

O .3~ 2.15
4 .95
1 . 45

0 ,10 ' .

,0 .60 ',

3 , 70
6 ,96
7 . 15
6 .40

1a,7.
3 . 35
5 .10
2 .50
4. .eo

· 7..30

9 CD ::0 17) 11.35'
. 26 .35

18 .05
6 .40

12 . 20
0.60

3 .1 0 1. 10 2 .00
20 .75 1.55 19 .20
9 .90 1:20 8 ,70
7 .50 0 .20 7.3 0

15 .70 0 .60 15 ,10
22 .20 1.36 20 ,85

. 0 .1 0

' " . 11:'25 0 .46 10 .80
3 .70 1. 10 2 .80
1.00 1.10
8 .96 11 .20



Table 8-&1 To tal monthly sh~t growth (mm) for lQ86,
D = num ber of shoot s.

•Speciell Site. No. ." JUIll .' July August

~~ (n = 16) (0. = 16) (n = 21) '.( 0. :' 10)

a.so 6 .4 0 2 .65 0 .60
0 . 90 .0.40 1 .35 3 .60
3 .6 0 . 15 .56 0.80 0 .20
1 .45 6 .66 4 .80 0 .30
0 .50 4.10 4 .9 5 1.00
1.76 6 .20 1 .80 ' 1. 90
0 .85 - 6 .10 1.65 0 .30
2 . 00 10 .70 3 .10 16 .60 .-"

. 2 .75 0 .60 7-..015 0 .30
2 .36 2 .05 !>-.~6 / 1.25
3 .65 19 -,75 3 .36

»: 2 .76 17 .70 1. 10
9 .50 6 .40 1. 16
1. 05 1.80 0" 70 '
0 .85 14 .65 4 .85

~ •0 . 16 ...........4 .95 13 .46
O.7fJ
0 . 96 ~
1 .3 0
7 . 56
4 . 2d .

[,. eames ii (0. = 18) (0. = 22) (0. = 22) ( 0. = 15)
1.10 4 ....16 3.46 0 . 30
1.96 · 4 .15 4 .76 1.30
0 . 30 4 .46 3 . 45 ~.16

0 .60 2 .16 0 .75 0 .35
4 . 95 2 .96 2'.30 0 ;36
1.65 0:80 2 .40 . 0 .10
0.60 4 .70 3'.40 0 .60 I
0 .80 '0 . 90 1.50 0 .96 1.:
0 . 65 1. 80 1 : 30 :l.90
0 . 10 2 . 60 1.60 0 .50
l ·05 4 . 95 1.20 o, 55
3 .16 . 6 .26 0 .85 1 ,20
0 .80 0 . 10" 0 .25 0.'-

(contin ued next page)' < :~
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Speciee Site'Ho , •• t June July

.-'"
~~ 2 .00 2 .45 3 .30 0 .65

1.66 3 .96 1 .90 1.96
0 .30 1.65 2 .10
0 .36 1.96 3.00
0 .50 0 .60 2 .40

6 .20 2.60
6 ,85 3 .B6
6 .BO 1.65
3 .00 2 .06

j '



: ~ - :' .-."

A pp e nd ix C

Seed G ertnina tion Da t a

<,
Table C- l : T otal mea n germination (percent) d ata,

In = 200 seeds per site ).

Temperature ( Oe)

Species Site Ho. Replicate 2. io ..
I

~~ 82 .6 10 .0 20 .0
1§ .O 20 ,0 37 .6
67 .6 ... 30Ctl

80 . 0 7:6 30 :0
87.6 e 17.6

11 77 . 6 20 .0 . 35.0
85 .0 30.0" 45.0
67 . 6. 1

37 . 6 32 .6
90 . 0 42 .6 45 .0
85 . 0 25.0 30 .0

L e amnii 92 .6 42. 6 30 .0
85 .0 42 .6 4.6.0
47 .5 60 .0 46.0
85 .0 50 .0 36 .0
60 . 0 27 ,6 31Lo

11 .7./. 72 .6 60. 0
70,0 67 .6 60 .0 .
80 .0

. :~~:
72 .6

'f90 .0 80 ~O .
86 .0 4&.0 76 . 0 .

.
' .



Temperature (Oe)

as . I.

o 88 .9 100 .0
(n =.4) (n =18) (n = 16)

o 76 .0 62 .9
(n =6) (n =16) (n = 17 )

16 .7 1B.9 88 .2
(n = 6) (n '= "19) (n = 17) ' c;

o- 17 .8 76 .6
(n = 4) (n = 18) ..'n = 17 )

o 90 .0 87 .6
(n = 2) . (n = 20) ;, (n =. 16) '

60 .0 93 .8 92 .3-
(n =4) (n =16) (n = 13) .

\.
100 .0 78 .6 81:8 .

(n =3) ('!'= 14) (n = 11l

16 .7 "88 .2 69 .2
(n = 6) (n = ·17) (n = '3)

76 .0 90 .9 100 .0
(n . = 4) (n =·11) (n = 11l

60 .0 86 .7
. (n = IlJ (n = 14)

(continu ed nez ,t pnge)

Table C.2~ Percent. seed viability of germination
!llperimenls. T he tOtal number of s~eds tes.t;d -is

shown in parenthesis. i

51to No. Replicate

_ _ _ 11 " 1

/

Speciu

. .



Species Sit_ No. 'Replicate

~ eames H 9 ' .

11

~ . ;.

-. ~

.;
:~



Appendix D '

····Mic~oh~bita(M easur 'em erits .

-:I:~I~ D-l : Tot~1 mean annual m'ic rob~b itat data for·I Q86.-
... .

~ :"

~\.,
' .''...

Temperature ( OC) IiDdlf peed .SIIOY
.Specie s Sit. No . R.plicate Ai r Soil em. - 1) (elll)

~~ 1 ~~.\ \ ~ . 70 0 . 75 4 . 45
2 . 1 .56 ' 4 .40
3 7 . 93 3.10- L Oll 3 . 18.. 0 . 5 8 3 .7 9
5 7 .60 3 . 19 0'. 8 8 IO . Sa:

"-!,. luee ii ' 1 8 . 08 4,,00 4 .44 1 .4 2
2~ 4.s e 0 . 28
3 6 . 49 S .UI 3 .60 4 .28.. 3 .83 0.33
5 8 .6 3 4 .~5 . . . 3 li1 6.72

8

'-



Tabl~ D-2:

!!mll .~ ~
Repl .lcate Ai, So11 lind Ai, So11 Ai, Soil lind.
~~

18 .361 -0 .90 -0 .30 0 8 .63 0.' 8 .18 1. 5
2 0 .76 2 .88
3 - 0 . 02 -1 .11 0 .39 10 .16 1.93 20 .02 10 .26 1.76

_

0 .13' 1.00
5 -0 .13 -0.33 , 0 11 .46 1.49 18 .62 9 .42 2 .00

<,
~eamlli1

4 .20 28 .601 -1 .07 -1 .76 9 .20 6 . 88 13 .18 4 .76

2 10- - ': - 4 .60 4 .50

3 -0 .73 -L,04 3 :00 8 .96 7 .66 17. 9 6 14 .88 4 .13 ·

,- 4 ..10 3 :50

5 -0 .69 -0 .99 4 .10 10 .8~ 6 .03 17 :.42 13 .46 4 .76

.. ,WiDt~ :::l 18 HOT . 1985 _~ 14 Apr11 1~88
Spring = 14 Apr il - 20 .Nay
SU1IlllItr = 21, May, - 25 A Au'gU8~

Air = a.ir temperature ( oe)

• 5011 = 8 0 11 temperature (oe)

Wind = windlpoed em 1- 1) '



,.
i

"I '

GO 'S
;i:;;;~~ i

~1lI :.E
;i ~~ ;i ~ !

:D~~:::::l
..;~ ..;...;..;

~M

~ ~ ~ ::: ~

~ ,... 0.J4

:~g ::i:a

M ~

oai "; ":: u:i
""1lI~ 1II","

"'0101/'11

i ~a

~ ~~~o " 0&33 g ~~ ~ g ggg g
. ~G~. GO";.I/'II O??~ ? .00".
8~~~ ~ . g g~2 o ~glll~ ~:&~

~G~~ . "::ai ~ai":: ,,:: o ,.::,,:: a O."::O G

-; : ~;;C: CJ~ C1: "=:gli;: :i:8:0GO ~:~
I i ~~ig·~ ~~~~~ ~ ~~ ~ ~ i ~~~

... ~_ ~"' ''1lI "'I/'II .", .~ III

«l ...



u • I

1"; ~=:~ =:f\ g :.: g ~=a:: ~ -:: =~ ~
": a:i .; ~. :: .. 0 :l • ..i . ~ ~: ./- /~..

l " ." -III . .., :.
: 11 =~ :i ~ .. ..:. .. iii . :: ":n -· ...; .. wi .i ,;

~ J ~.g.~ g ~ · t:: ~
0 ...

~ ; ~l~ l:i ::::~ .;
~ ~

e, } .. ~ "
.; ~

~ ~-~. g:: .. - .; -~ : ~ ~
...·1

·J 0 - G •• "! ~ 0 ~~
.; ti ro: : ~

.; •~ .; • ';" -G ·,..; -.. ..i g

-'"
':i. : : ~ ~ ~ , ~ g : 5·~ .; .; .; .; .; --.. .. .. .. .. ..
j . ..

.;,; ,; ,; .; .. .. ".. .. to..; ~ " .<-i'; e-i "·.'!
;" ' ",

'~ ~
.-.

00 ,; ";0 """"" "; ,.j"j "" ~ ~ ~ ";ft-

• ·.· : ·~ ": ": ~
~

,; DO .; ,; ~ ,j ,.i ~ ~ .; "~ ~ "
-,

~ ~~~ ~ ~. g : ~ :;::S,: S s
:~

:g.:::
0 .; G .. .. "..i
~ t 0·· :.:~.~ -~

: : ~
:;;g ~ ~ ~ =gi 'ti,= . 00 .a iD"': r-:vi

: ~ g g g g g
~ ~~ ~ ~

0 00
~ ~ ~ ~ ~ ~~ ~"~ ~ ." ,,

es
,

g- o-8- ~=~ ·=- ,'" : ..S s g : ~ ~

e, il·-G. -
0 : -.. . wi 00

h,.'_.<.:-. ... ... ..'



h ~li::"~: ~~ ::=
E ~ -.0 "_""; coi • .;.;,.j.

• U

< -

C!.~IIO~C! ~~~ .C!t'!

f::'" ~lI:I m ~ ~ ~ 10

wlI. 1 10 ",

,.jM~.,j"; ..;t4..i";~

-:
~.

'O~.;
=-~£.

' : ' 0:::':::.:
~:~..
.~ tJ
~ :-11I

\.

/
,-. ;.."










	001_Cover
	002_Inside Cover
	003_Blank Page
	004_Blank Page
	005_Title Page
	006_Copyright Information
	007_Frontispiece
	008_Abstract
	009_Abstract iv
	010_Resume
	011_Resume vi
	012_Acknowledgements
	013_Table of Contents
	014_Table of Contents ix
	015_List of Figures
	016_List of Tables
	017_List of Tables xii
	018_Chapter 1 - Page 1
	019_Page 2
	020_Page 3
	021_Page 4
	022_Page 5
	023_Page 6
	024_Page 7
	025_Page 8
	026_Page 9
	027_Chapter 2 - Page 10
	028_Page 11
	029_Page 12
	030_Page 13
	031_Page 14
	032_Page 15
	033_Page 16
	034_Page 17
	035_Page 18
	036_Page 19
	037_Page 20
	038_Chapter 3 - Page 21
	039_Page 22
	040_Page 23
	041_Page 24
	042_Page 25
	043_Page 26
	044_Page 27
	045_Page 28
	046_Page 29
	047_Page 30
	048_Chapter 4 - Page 31
	049_Page 32
	050_Page 33
	051_Page 34
	052_Page 35
	053_Page 36
	054_Page 37
	055_Page 38
	056_Page 39
	057_Page 40
	058_Page 41
	059_Page 42
	060_Page 43
	061_Page 44
	062_Page 45
	063_Page 46
	064_Page 47
	065_Page 48
	066_Page 49
	067_Page 50
	068_Page 51
	069_Page 52
	070_Page 53
	071_Page 54
	072_Page 55
	073_Page 56
	074_Page 57
	075_Page 58
	076_Page 59
	077_Page 60
	078_Page 61
	079_Page 62
	080_Chapter 5 - Page 63
	081_Page 64
	082_Page 65
	083_Page 66
	084_Page 67
	085_Page 68
	086_Page 69
	087_Page 70
	088_Page 71
	089_Page 72
	090_Page 73
	091_Page 74
	092_Page 75
	093_Page 76
	094_Literature Cited
	095_Page 78
	096_Page 79
	097_Page 80
	098_Page 81
	099_Page 82
	100_Page 83
	101_Page 84
	102_Page 85
	103_Appendix A
	104_Page 87
	105_Appendix B
	106_Page 89
	107_Page 90
	108_Page 91
	109_Page 92
	110_Page 93
	111_Page 94
	112_Page 95
	113_Page 96
	114_Appendix C
	115_Page 98
	116_Page 99
	117_Appendix D
	118_Page 101
	119_Page 102
	120_Page 103
	121_Page 104
	122_Blank Page
	123_Blank Page
	124_Inside Back Cover
	125_Back Cover

