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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).

"

t,



-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) .

\

I
I

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.

"..~

':'1



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.



" ..;.,.

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



, "

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 -'

•
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