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ABSTRACT
- . - '
At Care Abernathy on King Christian Island (77°k5 N,
101010'W), the question of what adantatipns were advantageous

in survival #d growth of Luzula confusa in the -high arctic

enviyonment was exatined.

Much of King Christian Island i1s Polar Desert (<2%
vascular plant cover) with Polar Semi-descrt (2-20% vascular
plant cover) oééupying a band 1.5 Km wide about 1 Km from
th; coast. The island is highly dissected owing to water

érosibn and, olant comaufiities in the Polar Semi-desert
arvegqr to be delimited by snow whose cover is dictated by
tne-terrain. The maritime summer climate (July and August
averares from 1973-1975) ig characterized by low tempecrature
(Z.SOC), low nrecipi&gtion (43 mm), moderate wind speed
(3.3 m sec-I), high relati;é humidity (90%) and a high
inéidgnce of cloud ;ﬁd fog (80%). Microenvironments are
dominated by the thermal regime. Since air holds little
water vapour at low temperatures, and surface to air temper-
ature gradient was shallow, evavotranspiration was low.
Cloud cover however, was high and this comvleted the cycle
‘ by reducihg the -amount of global radiation received and
keeping both the thermal gradient (surface to atmosphere)
and air temperature low. Net radiation was 68% of global
radiation (.207 cal cm™2 min-’) and was mainly dissipated‘
by sensible heat flux (62%). Both latent heat flux (27%)
and soil heat flux (11%) were small comronents of net

radiation. Resistances to heat and water loss were low

iv



(<i.5'§eé*cm")'owihg to the smboth surface (zo = .01-.05 cm)

and moderate wind sveed.

Luzula confusa ig a long-lived (110 years) graminoid

that arpears well adapted to the hostile environment on

King Christian Island. Its tufted growth form with a sub-
stantial amount of standine dead material, lends vrotection
té the livins tissue tarourhout thewyear as well ag*placing
the plant in a warm, near-surface thernal environnment. Qver
9% of the plant's biomass is within S5 cm of the sdil surface.
A moss layer also aids in vrotection of living tissue and
anpears to rrovide the necessary seedbed for plant establigh-

ment. - Revroduction of L. confusa is mainly asexual tnrough

the »roduction of tillers from an under-round rhizome.

L. confusa cannot withstand droucnt and its vhotosyn-
taetic rate drons dramatically with decreasinr water
votential, Thé response of the plant to ligat and_tempgra-
ture however, is similar to that of other afctiéﬁgraminoids
and net photosynthesis can be mnositive thrbu¢hout the 24 hr
arctic day. The rotential for net photogynthesis is much
2irner in the shrinz thaan in sum-er owigzxzd hicher -tenrera-
ture and li-ut. Low sunior tennerature anpears to be the
most imrortant factor in controlline nlant metabolism.

In eeneral, Luzula confusa avpears to be both morph-

0lo~igally and rhysiolorically adanted to e Polar Semi-



desert environment on XKing Christian Island. This species
combines the more efficient Framinoid photosynthetic system
with sonse of the cushion plant energy travpinc character-
ist;cs. In this way, the plant is able to assimilafe
carbon vositively andrrapidly at low tempefatures. In
addition, the plant tales advantxje of the optimal growing

conditions tnat occur innediately after snow-melt.

vi
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INTROLUCT TON

In arctic rerions, the abiotic environment appears

to be much more important than biotic interactions in the
survival, growth and'renroducfion of plants (Billings 1974).
This is especially true in ﬁolar Desert and Polar Semi-desert
areas where scattered plants are exrosed to some of the most
ricorous environments on earth., In ehesb areas, climéte is
thoursht to be the dominant driving force tha§ causes partic-
ular plgnt moroholorical and physiological characteristics,

usually defined as rlant adantations.

Since the direct response of/pﬁéiplant is to its micro-
-environment, analysis of microclimate is essential in studies
of wlant-environuert interactions. This climate near thei.
ground however, is largely a function of energy‘éxchange‘
phenomena at the ground-air interface (Bliss et al. 1973).
In this study, energy budgets as well a; mass and momentum

transfer considerations were used to establish why certain—(j\

microenvironments occurred where and when they did. ;

Luzula confusa is one of the most common and wide-

spread of all arctic vplants (Polunin 1948) and, as such,
is exposed to a great Qariety of dicroenvironments. Since
this species 1is so successful, ié\was exvected that it
would show morphological and phySiAIOgicql characteristics

that may be considered as "ideally suite&ﬁ\for arctic

>



survival and growth. The increased activity of retroleum
exvloration and develovment in ihe.far north in recent
years has made quantification of plant characteristics

very importaqt, It was hoped that a plant gpecies that
naturally occurred in a wide varietv of habitats might

also have gufficient ecological plasticity to survive in
man-modified microenvironments. Selection of vlant svecies
for revegetation of rerturbated areas becomes much less
difficult if plant adaptations to both arctic and disturbld

environments are known.

The question "What plant adaptations are‘nacessary
for survival and growth in the high arctic environment?®
can only be answered throuéh a combined study of environ-
ment and nlanfvresconse. This type of study entails
descrivntion of both the plant and its environment in the
. field, and measurement of nlant resvponse in the field and
,under controlled conditions. In the past, very few such
studies ware capried out on nativa plant anecies and, in
the Arctic, only the Internatlonal Blologlcal Program (I.B.P.)
“had sufficient sunport, e(nertloe and coordlnatlon to bring :
tosether meteorology and vlant vhysiology in order to
quantify niant adaptations to svecific environments. In the
arctic I.B.P, StUuleS, the advantavos of both cushion growth
form and upright stance in their respectlve environmpnts
were quantlficd using energy relations and water and

carbon balance studies. Luzula confusa is a tufted'gram-

inoid and represents a third growth form found com:only
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in arctic areas. Tt was exnected that thig plnnt miﬁht be
adapted to the moist Thlar Semi-desert c0nditions nrecdonin-~
atine the northwest Cueen Flizabeth Islands. 'This study was
deéiﬂned to comrliment the I.B.P. and exanine adéppations of
L. confusa from a micrometeorolocical-plant nhysioloniéal

viev~aint.

ﬂThe ains of this study were: 1) to characterize
selected nhysical environments on King Christian Island;
2) to exawnine the"dyqamics of microenvironment through
enérgy and wmass transfer considerations; 3) to describe

several worrhdlorical and ~hysiolorical characteristics

nf Tuzula confusa, and h) to determine adaﬂtations of

Luzula that cermits the srneciecs to survive and grow in this
—_— | . \ .
ri~orous environment.



DESCRIT™MION OF SITE

King Christian Island 1is located in the north-central
part of the Cueen Wlizabeth Islands abproxihately 4O Km
south of Vllef Kingnes Island (Fie 1). The island is small
(ca. 1970 K ©) and has little relief with most arcas below
150 m AYST,. Tittle reolorical work other than that assoc-~
iated with metroleum exprloration has been done on the island
although the larser islands to the north have been studied
(Tllef Riﬁqnes and Amund Ringnes; Heywood 1957, Fortier et
al. 1963). Géologically, the island is a tzpical parf S
the 1owland of central and southern ®llef Ringnes Island an
is underlain by shale with minor limestoné and weakly indu-
rated sandstone (Roots in Fortier et g%.>1963). -The surface

is covered by alluvial and deltaic sands and marine beach

denosits (Greiner in Fortier et al. 1963, Pawluk znd Brewer

1975). P
| K

Yuch of theltopogfévhy has originated from water erosion-
(Plateil) as.oh:other islands of the Sverdrup zroup (St. Onge
1964). Low ridgeszare also in evidence (Plate 2) and result
'from coarlex foldine durinr Tertiary time (Roots in Fortier
et al. 1963). In ”ﬂn;ralv the coastal rart of King Chrlstlan

Island is a lo'laﬂg that nas nunerous 31a11 vallejs (2-3 m

deer) cut by seasonal strea.s.

The sumier climate of the island is. maritime in nature

1

and has low diurnal fluctuations of temrerature and a nigh
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. King Christian Island

Figure 1. Queen FElizabeth Islands showing the position
.of King Christian Island Study Site.



Plate 1. Landform result of severe water erosipn in the
lowland areas of Xing Christian Island.

Plate 2. Rock outcrops in low ridges in the central
é part of King Christian Island as a result of
- folding.



frequency of fo~ and lisht rain. Sea ice cover did not appear

to vlay a dominant role in controllin« climatic conditions

n

as seems to be the case at other arctic sites ("anqguary Fiord,

”

Ellesmere Island, Barry and Jackson 1@60}ufruelove Inlet,
Devon Icland, Courtin and Labine 1974). The sumner (July and
Auqust)~climate of "the arca is characterizqd by cool te= - ra-
ture, low nrecinitation, moderate wind s»eed, hipgh ralative
hunidity, and a hirh incidence of cloud and for (Thounson
1967, Barry and Hare 1974). A more detaile? treatuent of
climéte isrpgesonted in Climatolorsy and *‘icroclimatolosyv

(p 17). \‘ , - - 4‘\\\

N
\

Vegetative\¢OVGr'varies from 0 - 15% (vascular nlants) \
and the island is mainly Polar Desert with a few Tolar Jemi- |
descrt areas (scnsu Bliss et al. 1973). The greatest vlant
cover in the nort.ieast nart of tne island aumeurs to be
localized in a band between 1 and 2.5 Km from the coast and
the rest of the area is essentially bar:ren (k 195 vascular
plant cover). There are however, a few isplated rockets of
vegetation dominated by'bryophytes in drainage ways. In the
Polér Semi-desert areé, snow cover annears to delimit clant
comnunities on a gross scale whereas srall scale vejctatioﬁal
pattern apnears to result from soil moisture differences. A
detailed .discussion of some»of the more extensive plant

comnunities:in the northeastern part of tne island is presented’

o /runder Plant Comnunities (p 10).
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There was little cvidchn of s0il nevolopmont under any
of the nlnnt cnnnunxtlos exanined and all s0ils of the area
are classified as Regosolic Statlc Cryosols (Canadian Soil
%urvey Committee 10?5) or yergnlllc Cryaauent (501l Survey
Staff (U.s5.) 1967). Pawluk and Brewver (1975) 1qd1éate ihat
what little soil develonment there was on King Chri%tlan
Island may be more CIOSely related to wveak ”solonetb%c" rather
than weak “podzollé” processes as surrested by rI‘edr‘ow\\(196o')
for other Polar Desert edils. This difference was attfibuted
to the very low ca'"ﬁ/Na+ ratios (< 3) of the pérent naterial
originating frqm'miriné devosits., |

$

A site was selééted on the northeast end of the island
(Cape Abcrnafﬁ&?’??p 45' N,101° 1n0 W) near the Sun 011l
Company exploration base éamp. ‘n iniecnsive site was chosen
in each of a Lichen-Voss-Rush and a Moss~Lichen-Rush com:unity
(Plant Communitieé P 10). Thesge two communities vredo:sinate
in the Polar Semi—Desert area of the island. BPRotn comrunities
had similar species composition but the differences in moss
COVer and bare soil were sufficiently great to consider each

as a separate entity.

The surface of the Licheh-Moss-Rush coamunity was sub~

o
-

divided into six micrositeg for energy and water relations

v

purposes (Table 1); liﬁﬁéné, bare soil, moss, and three vascular

plants, Luzula cqnfusal, Potentilla hyvarctica and Saxifraga

Caes»itosa that were considered revresentative of the three-
—<265711083

— . T

1. Nomenclature for vascular snrecies follows Porsild (1964 )

N \



ma jor plant frowth forms,

uorisht praminoicds

such as Alopecurus alw»inus,

9

Juzula confusa rapresented tiie

lurzula nivalis

and Festuca brachyvrhylla whereas Potentilla nyharctica

rcprescnted broadlecaved specics like ngaver radicatum, -

Ranunculus sabinei,

L]

Saxifraré nivalis and

‘Saxifrara caespitosa represented the cushion

that includes Draba spp. and Cerastigg aloinum.

2

‘munity also necessitated subdivision for ene:
and the pame microcites
‘*.wére selected.

at this site, the few cushion plants

broadleaved sueclos (Table 1),

growuth

S. cernua, and

rorm

\

The heteroreneous surface of the "oss-Lichen-sush com-
; budret nork,
45 at the Licheng¥oss-Rush com-unity

Ovine to the absence of Sarxifrara caesnitoea

were includ¥d

with the

<

Table 1. Characteristic svecies and nercent cover of 6
microsites from Lichen-Moss-Push and oss-Licnen-
Rush communities on Iling Christian Island.
Charagteristic Percent Cover
Microsite Species Lichen-'loss ‘oss-Lichen
~ ~Rush “-Xush
= . ”
Lichen Black terricolous crust 40.1 L o3
Moss Rhacomitrium lanu~inos=un 18.9
Oncorhorus wanlenberria ' 4.9
Unvegetated 33,2 1.4
Upright
Graminoids  Luzula corfusa 2.5 6.8
- Broadleaved Potentilla hyrnarctica . 3.4 4.6
C&shioq& Sa¥ifrara cacsnitosa 1.0 .

* Cushion Plants (1 <2%) have been 1ncluded in the Bzoadleavcd

Microsite.,
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" PEANT COMMUNITI 1"_75

Sr
, ¥

INTRODUCTION

f

Many of the plant communitiec®s 6f the Cape Abernathy

0
>

region of Kinr Chriutian’Tsland havéﬁﬁeen described by Rell
(1975) and Blupdon (1974). This study made no attemwnt to
repcat this work. but it waé deemed necessary to de.:cribe the
plant communities near the Sun 0411 Company exrloration caup
to 1) permit expansian of‘micrOSite energy relations to the
plant communities an units, and 2) estimate tne importance

of the various factors involved in delimi£ing plant community

typres in the area.

METHODS ALD MATERIALS
Vegetation was saupled using belt transects (25-40 m .

. loﬁg) parallel to the siobe,df the land and .sampling wag done

with a 25 x 25 cm quadputl This sizé of quadrat was lar-er

than thé?minimum samnlin~ area required as definec by Cain

!and Castro (\959). End pointe of the transects °vere sclected

subjectiyely an@atwoAcontinuoustfhnsects were run at each

site. More than 100 quadrats fell within each df the counun-

ities described.’

_ XESUITS ALD®DISCU:TON
k - B

The Lichen-Moss-Rush community (Plate 3) was characterized:



Mate 3. Tichen-"ozs-Ruch. coriwainity ip the Polar 3éni-
Desert area of King Christian Taland.

11
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lichen covered surface and unv

by a sub.tantial amount
tated s511. Vascular nlanf\cover (8,7¢%) was dominated by

Luzula confuga, Panaver re catum, Alovnecurus al»inys and

TDraBa spp. with numerous specles contributines 0,2 to O.Sf

cover (Table 2). Moss cover (18%) was dowminated by

Rhacomitrium lanu-inosum (Hedw.), and terricolous crustoce

A ) B
and foliose forms dominated the lichen cover (4N.1%).,
L ) .
Unvegetated soil comrrised 33,27 of tnis community. 7The
Moss=-Rusi-dry meadow described by Bell (1975) was couivalent
to this community but since licnens voredominate and since
vagcular nlants had such a low cover value, the name lich\n-

”

Moss-Rush was preferred. .

Luzula nivalis, Alobecurus alrinus, Luzula confusa #nd

sStellaria lonpgines dominated the vasular olant cover (11.4%%)

at the ''oss-Lichen-liush community (Plate 4);(rable 7). ‘'oss

cover (44.9%) was dominnted by Onconhorus wahlenbersia (%r:d.)

and tﬁere was little unvegetatec éoil (1.h47). Crustose ana
folio;g lichen cover (MZ.B%) was coﬁnarablo with that of the
Lichen~-Mosgs-Rush conmunity. The “oss-Lichen-Rush conmunity
vas equivalent T  ‘ne Yoss-Rush-moist meadov described by

Bell(1975) but slncé lichensifepresonted a large,hroportipﬁ
of the surface cover (42.3%), and since vascular plants were

not sufficiently common to use the tern ":meadow', the name

Moss~Lichen-Rush coamunity was adopted.,

M . : ‘/
. Vascular plant cover (mainly Stellaria lonnipcs)-of_}h%

Lichen-Yoss mud boil community (Plate 5) wah very low (2.97).



f?

Plate 4.

Moss-LichenéRush community in the Polar Semi-
Desert area of King Christian Island.

) . e

. . §

Plate 5.

Lichen-Moss mud boil community along river

banks on King Thristian Island.
4 .

13
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Table 2. Four plant communities of the Polar Semi-desert area of North-
east King Christian Island. Porsild (1964) is used as the
authority for taxonomic names.

' * Percent Cover
Species Lichen Lichen-Moss Lichen-Moss Moss-Lichen
Barrens Mud Boils =Rush = ~ Rush

Cramineae
Alopecurus alpinus .4 .1 1.2 1.8
Festuca brachyphylla : o2 +
Phippsia algida .5 N
Puccinellia vaginata .3 _ +

Juncaccae o
Juncus biglumus . : .1
Luzula confusa - 1.4 1.7
Luzula nivalis . .1 W4 3.2

Polygonaceae . ' .
Oxyria digyna .4 ’

Caryophyllaceae _
‘Arenaria rubella .3 + .2
Cerastium arcticum ; .2 ,

C. regellii - +
Stellaria longipes - 1n0 .4 " 1.2

Ranunculaceae A
Ranunculus sabinei --- v + : ) - 4

Papaveraceae .

Papaver radicatum ' .2 1.4 .3

Cruciferae ’ T
Draba spp. L ‘ 4 .2 .
Cardamine bellidifolia +
Cochlearia officinalis 4

Saxifragaceae
Saxifraga cernua S .4 h

caespitosa . .5 +

nivalis o+

rivularis : . .2

flagellaris ’ . _
foliolosa ‘ . _ .1

oppositifolia .1

S. tenuis :

Rosaceae .
Potentilla hyparctica’ .

N 0o
O

+ .

. .
=W N W
N

mignlgnlya!_tnlgnlgn

t
[
.
N

.1

11.4
44 .9
42.3

1.4

Total Vascular Cover - 2.6
Moss Cover ' . 2
. Lichen Cover ‘ 19.8 4
Bare Soil 77.3 2

T WS
OO oo
N~ ON W

~* From Bell (1975)
+ <.057% cover
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This community was characterized by lichens (46%) and mosses

(29.7%) and 21.4% was unvegetated (Table 2).

‘As mentioned above (Site Descrintion p 7)), these Tolar
Semi-Desert arecas were localized inJa band 1.5 Km yide, 1 km
from the coast. 1In this area, snow cover anears go delimit
the plant com:unities. Lichen barrens (Table 2; Yell 1975)
occurred on ridge tons that had a thin snow cover or wore
blown frece in winter. This community is exvtosed fo winter ard
‘sumuer desiccation and abrasion by windborne ice and sand |

. particles. 'At the other end of the exrosure gradient, Lichen-
"'oss mud boils were confined to areas oﬁldegp‘snow accumu-
lation (>1 m) along stream.bed§. This comﬁgﬁity usually

. had an extremely short growing\ééason that a~-rears to limit

~

vascular plant establishment.

(0

The majo; factor in tné estabtishment of the “oss-

Lichen-gush‘cammunity rat .er than tthLichon-Moso-RuéL
communipyrgprearé to be the greaterlamount of surtace water,
_ nmaihly ffom'Snow melt. This 1attef community had 13.2 cu of
snow.bn June 16, 1974 as comrared with 3%.9 cun at thé %oséf
Lichen-Rush communit ', In additign, snow persisted over

the Moss-Lichen-Rush hommunity until the end of July, 1974

and provided a source of water for moéf of this growing

1

season -

CLCLUSIONS !

. i
The plant communities in the Polar Semi-desert areas of

northéastern’King Christian Island appear to be delimited by
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show both‘by its direct influence on pnrotection and rrowin<

season length and indirectly throurh irrigation.

The Lichen-Moss-Rush community had 40.1Y lichen cover,
53.2% unvegetated soil, 187 moss cover and 8.7% vascular

plant cover. The Moss-Lichen-Rush community on the other

, .
hand, had 44.9” moss cover, 42.3% lichen cover, 11.4°
vascular plant cover and 1.4% unvegetated soil. )
' !
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CLIMATOLOGY AND MICROCLIMATOLOGY

INTRODUCTION
Meteorological measurements in the Arctic are carried out
mainly by the:Atmospheric Environment Service (AES), Canada
Department of Environment (i.e. Boughner and Thomas 1962,
Thompson 1967). The Arctic and particularly the hirh érctic
islands, have few places of Dernanent human settlomont and
‘hence, reclatively few, widely separated nermanent meteorological
stations as comnaféd with more temperate areas. Many rcsearcheré,
in a varlety of alg¢1plines, vorking in the Arctic, helr to fill
in the gaos between vermanent stations by Drov1d1nb cli: tatolog- -
ical information to AES-during the summer months.
The observations carfied out in this study were to'l)
provide data to the AES.network through Polar Continéntal
Shelf'Project, Canada Deoaqtment of Ynergy “ines and Resourées I
headquafters in Resolute Béy, N.".T. and 2) vrovide general |
climatological information Qbout the site for comparison with

other high arctic sites. o ' ‘ i

Microclimatological studics are a rarity in tne Arctic;
~most being very recent and of only_éhort term (< 3 years). A
Most studies havé been confined to the Low Arctic (for example
Wendler 1971, Romanova 1972, Weller_and Cubley 1972, Brazel
and Outcalt 1973, and Skartveit et al. 1975) with only few
~carried out in the high arctic- islands (Vowinckel 1966, Barry |

and “Jackson 1969, Ohmura 1970, Smith 1975, and Courtin and
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Labine 1976). These studies range in scove from purely a
liStlnF of climatological measurements to stud18° on thc

influence of mlcrometOOIOIOﬁlcal parameters on nlants and

animals

The aims of the microclimatological comronent of this
study were 1) to describe microenvironments of two rlant
cormunities and 2) to rrovide backwraund environmental 1nfor—
- mation to nermlt ecologlcal interpretation of Dlant phyulolog—

~ical resnonses.

. METHODS AND MATERIALS
CLIMATOLOGY _

Observations weqie made -at 00, O4, 12, 16 and 20 hr G.M.T.
and were revorted to‘AES at 00 and 12 hr G.M.T. Methods
féllowed Manobs (Meteorological PlVlsJon, Canada Departwent
of ¥nvironment, 1975) and included maximum, mlnlmum, ambient

and dew vpoint temneratures, wind speed and direction, visibil-

ity, precipitation, and cloud cover, type and height.

- Maximum and minimum temperatures (1;5 m)‘were Teasured
with a Max-Min Thermometer (Taylor Instrument Co. Model 5458)
in an,alumlnum louvered shelteér. Ambient and wet bulbd temper-
'”atures were measured with a Sllng Psychrometer (Taylor
Instrument Co.) wetted with dlstllled water, and dew point
fémperatﬁre was determined from standard psychrometric tables.
Wind speed and direction (10 m) were cstimated from measure-

ments made at 50 c¢m and visibility, cloud cover, tyre and

i~

1

R
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height were estimated visually. Pre01b1tat1ﬂn vas moarured
w1th a Vedge-tyoe Drecivltatlon Pauve (“dwaxds Mfg. Co. Vodel

Tru-Chek) at 50 cm.

MiCROCLIMATOLOGY i j Y

- The Droble&s’associaﬁed with microclimatolorical
investigations in the \rctic.haVP becn described by Courtin
and Iablne (1976) and tnat eleanqtlon serves well to account
for tne incomplete data recorded in this study. ‘Heasuremedts
were confined to several weeks vreceeding and after-the snow
free period.

The'instrumentation used, its distribution and the

frequency of meacurement are outlined in Table 3. A continu-
ous record of all mlcrocllmat010ﬂ1ca] rarancters was onWyA

“0551ble in 1975 and during the following two years, detailed

-

measurements Were underta&cn only ‘when vlant physiolocical
measurements were taken. Tor possible errors see Appendiy .
INSTRUMENTATIQN ®

| Global radiation (250~2809 hd) was measured with a Kipp
‘and Zonen Albedometer “odel ClM-4 at the dry site (1 m). This
instrument eiso measured reflected global rediation and the*
- output from both sensors was recorded at 10 min 1ntervals by
a Data Aquisition System (Esterline Anpus ¥odel TEOZO)
Reflected rlobal radlatlon at the m01st site was aetermined.
with a Kihp and Zonen‘Solarimeter Yodel C™-5 mounted uvside
bdown atv1 m; The output was recorded contlnuously for 5 min

hr™L on a Portable Strip Chart Recorder (Esterllne Angus Model

°



20

T-171-B) equipped with a Stevping Switch (C.P. Clair Canada

Division); '(see Addison 1973).

Global radiation (350-3500 nm) was recorded on a

Robitzsch Bimetallic Striv Pyranograch (Belfort Instrument

Co. Model 51850) mounted horizontally -at 15 cm.

Microclimatological instrumentation, distribution and

Table 3.
freguency of measurement on Ring Christian Island
(summer 1973-75). ‘
Station Sensor Type of Measurement Frequency
Belfort 3-cup
Anemometer wind speed continuous
M.C. Stewart :
Wind Vane wind direction continuous
Belfort air temperature _
Hygrothermograph and relative humidity continuous
Precipitation, :
Lichen-  Gauge rain and snow 4 hourly
- Moss- . Robitzsch-type global radiation
- Rush Pyranograph N (350~3500 nm) continuous
Kipp and Zonen global and reflected » >
Albedometer radiation (280-2800-nm) 10 min
Funk Net Radiometer total incoming -
and Black Body Cup radiation 10 min-
Grant Thermistors air and soil
temperature hourly
Thermocouples near surface .
temperatures 10 min
Belfort 3-cqup ‘ o
Anemometer wind speed continuous S
Belfort air temperature and s
M Hygrothermograph relative humidity continuous
oss— :
Precipitation -
Lichen-  Gauge rain and snow "4 hourly
Rush - '
gogizgsgg ;ype global radiation ) ot
Y grap (350-3500 nm) continuous
Kipp and Zonen . reflected radiation .
Pyranometer (280~2800 nm) hourly
Grsnt Thermistors air and soil -
: temperature hpurly
Thermocouples near surface . ‘
: . temperatures hourly =

* 1973 only
** 1973 and 1974 only
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Total incominr radiation was detcrmined indirectly  with

a Funk-tyne Net Radiometer (Middleton and Co. “odel CN-1) witn
a Black Body Cup attached to the lower surface (1 m). The |
output (#) was recorded at 10 min.intervals on the Nata
Aquisition System and total incoming radiation (1) was calcu-

lated from Fquation 1.

1 :ﬂ-féo’T{:) ‘ (1)

where € is the emissivity of the black body cun (1.0), o, the

- -2 -1 =L
Stefan-Boltzmann constant (8.17 x 10 11 cal cm™@ min™' deg ')

.and Tys the tewperature of the black body cup:(oK).

Longvave (>2800 nm) incoming radiation (Ld) was calcu-
| .

[

lated from Equation 2!

Ly=1I-Rp | (2)

where Ry is the global radiation (280-280" nm). It was
assumed that owing to the long path-longth for:global rad-
iation in the Arctic, miniwal ultra-violet radiation 0(250 nm)

penetrated to the surface and this component was ifnored.

Net radiation (Rn) of the two sites was determined
indirectly by calculating Rn‘of each microsite (Equation 3)

and averarinz based on:the surface area that each microsite

I
.

contributed to the total.

, l
n =Ly * Ry -R-€7TH (3)

|
i

where R is the reflected shortwave (global) radiation, €, the

surface emissivity and Tm’ the surface temperature. Emisgivity
. |

:
!
|
!
i
;
i
\
I
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was assumad to e that of a black Hdv (1.0). An er o~
analy31° (see Fnerry Budget p iﬂ sho'ed tnat a IO% decrease
in € (0.9 vs 1.0) resulted in a 3% hipher value -of R .
Reflecped radiation vas assumed to be the sane for all micro-

‘sites.

A set of 2-5 thermocouples (0.13 mm diam.) cdOnnected in
parallel was used to estiwmate mean surface temperature. Good
physical contact between sensor and surface was ensured by
imbeddine thermocouples.into the top mm of bare coil, thread-
ing them tarough lichen thalli and moss stemsns agd mounting
them on leaf thermocoumnle clins for leaves of vascular srecie
Leaf thermocouple clins (AddisonA1973) were modifications of

the one used by “ry (1965).

Se

Air and soil temrerature at both sites was measured with.

(A

thermistor nrobes (Tyve C)?gécordinz on a Grant ”odgl D
Multipoint Recorder. The probes were positioned at 25,
5, 2, =2, =15, and =50 cm and all -robes above ground were
shielded from direct globag“quiatlon by self-aspirating
alumlnum shlelds (Courtln pers. conm.).

o \ C -

The near—surfadq\temperature profile was determined
with- 0.075 mm diam. COnper-coﬁstantan thermocouples at
heights of 1, 0.5, -0.5 and -1 cm and referenced at 0°C with
a cold junction compensator (Omega Engineerincz “odel CJ).
"”Thermocouple outputs were losred on the Data Agquisitioam

~
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System at the dry site and the Portable Strip Chart Recorder
¥

at the moist site.

A Hair Element-typé Hygrothermorsravh (Belfort Instrument
Co. Model 5f594? was uséd to measure both air femperature
and atmospheric humidity. The instrument was enclosed in an
aluminum louvered shelter (Vogel and Johpson 196%) and sampled
the zone between 10 and 20 cm. A Sling Péychroheter'was used

b

to calibrate the Hygrothermograph on a biweekly basis.

Wind sbeed was measured with j-cuprotalizing Anemo-
meters (Beifort Instrument Co. MModel 5-349) connected to a ‘
70 channel Event Recorder (Esterline Angus Secries A). Each
mile of wind was recofdea as an event and at that time, wind
directioﬁ‘was recorded using a ‘Wind Vane (M.C. Stewart Co.)

also connected to the recorder.~ FToth Wind Vane and Anemo-

mmeters were positioned at 50 cm.

Wind profiles were determined with a Hot Wire Anemo-
mefeff(Hastings-Raydist Model AB-27) and aﬁ Omni-directional
probe at 4 locations at each site. Measurements were taken
at 2, 5, 10, 15, 25, and 50 cm,’ and-u sets of readings were
taken at- each location. Reaéings werc taken 10 sec apart
to prévent bias in .determiningf visual weans during variable
winds (Eburtin 1968). All wind profile determinations were
carried oﬁ£ when the 50 cm wind s?eea Wés between 3 and 5
m sec™! to ontimize the sensitavity of the instrument and

1
vermit comnarisons betwecn prevailine wind directions.

~
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P;ecipitation way measured with a Wedﬁg—typo Procipita-
tion Gause (6{ifico at 35 cm). This instrument has two
distinct 1iri tions; it dis srunts air flow at the corncers
hence changing the effective surface nrea and,tit nermits gmall
droplets of water to adhore to the des of ﬁholgaUﬂu and
these are either not recorded or evaoyratoe runfd]y. In this
study, undurogtimntcs‘of > 507 were obgerved during lirht

raing (0.08. mm hr—]).

RESULTS AND DISCUSSION

CLIMATOLOGY

The summer c]imutn (197375, Ju]y and Aupust means) of

the CdDe \bexnnthy areay’ Kinr Chri tian Is 11nd was character-
ized by low tCWDPPaLUIO, low precinmtxtion, modﬁrato wind

speed and a hl(h incidence of cloud and fog (Tdbln LY. 'Tho.
climate of this arca was not unusual and was quite similar

fo other niéﬁ arctic sités suéﬁ‘ag'A;drt and Isachsen (Tab]c ) o
The site had fewer degrec days above OOC than any;of the

permanent woathor stations except Isachsen and even sites as

\\

much as#SO in latltudp farther north did not have a more

rirorous environment. The Lhermal pradient in the arctic

v < e

islands arpuﬁb to be from the nolar ice vack towarJ0 the - B

=

SOUthOd“L rathox thdn lqtltudlnully. The fact that micro—

climatolo;lcal conditionb nay override the Feneral climatic
pattern (Burry and. Tackﬁon 1969, Courtin and labine 1976)

means tihat great care mus t be ta&en whon estimating conditions

l

~ I .

™~
’
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Table 4. ‘Summer (Ju'y and Aurust) climatic data from hiprh arctic
sites. A1l values are 1973 and 1974 means. Stationg
other than Cane Abernathy arc fromn Monthly Record
(Atmosvheric Fnvironment Jervice, Canada Denartment

of knvironment).

c—— e —— e e — e ——— e e e

Mcan Precip- Mean “Wind Prevailinge “ean Celsiug
Site Temver- itation \nov? Wind Cloud Degree
’ dtBPC mm m gec Direction Cover Ddyp above
. 0°c o
- Cape Abcrnzthy - .
. 101 IO W) ' |
- f —
Alert ; / ' .
(82°30'N, 2.2 49.1 8.2 NE 81 7166
6202011) _( o
‘ %
Eureka \ . '
(80°00'N, 4.2 28.1 5.0 W - 76 2687
850561\51) ' «
Isachsen . ” | _ o
(780472'N, - 2.0 46.0 5.4 SW - 867 138
1037321W) » ‘ 7 el
Mod d Bay
(76°14'N, 3.1 45.8 5.2 . NW 79 197
119%20'W)
Rea Point e . . _
(75921 N, 3.0 39,1 7.7 SE . 82 193
91+O 90‘1/). Jgf‘,
Sacho Harbour V o

(71057:N 5.0 #:50.5 7.2 Sk 74 315
1240411 ) | o

&

_____

(1973) o .
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Althourh all three years had simiTar seasonal means of
temperature and wind gpeecd, there were great differences iﬁ
type of secason. There was an exceptionally warm and AIear
spring in 1973 and the land became “ree of snow.very Sarly
(June 15, wittlor pers, comm.) whereas in 1974, snow covered
most of the drea until Junc 28. Snow and lce remained in a
nearby river Valley until mid-August in bo'h 1974 and 1975
in contrast with 1973 when this same valley was snow-free
by June 25. Mékimum, mininum and averare weokly mean temper-
atures (Table 5) showed the saﬁe ndttern as snow melt, and
‘peaks wvere reached 10 days later in 1974 than in 1973. The
1975 record 1s not lonr enoush to compare with the other two
Years and has only been included to indicéteitrends.

The greatest difference betwecn 1973 and 1974 avpears
to be in the amount of cyclonic activity. Comvarisor. of the
surface synoptic charts (Atmospheric ﬁnvironmont Service,
Canada‘Department of ¥nvironment, Arétic Central Library,
Fdmonton) with precipitation showed that in'almOSF all cases
(95%), precipitatioh of greater than 0.25 mm occurred when the
centre of a low vressurc system was within 8 mb‘of the station.
' Defining "cyclopic activity" as the time when the cemtpe of a
low vressure system was within 8 mb of the station, 397 of
the da&é in 1973 had cyclonic‘activity as compared with 25%
in 1974. It is felt that early snow-melt in 1973 created
stecp thermal gradients between land and :ocean surfaces

owing to radiative heating, and permitted greater evaporation.
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1974

1975
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Table 5. . Weekly means of climatological parameters for_ggmmqgsfﬁw
: of 1973 -~ 1975, Cape Abernathy, King Christian "TIs3akhds-""%

Week Temnerature °C Precip. (mm) Wihd(:?m) R.H. Cloud
En?ing MAX MEAN MIN AMOUNT TYPE (m sec ) % Cover (9)
July 1 4,4 3.6 1.7 .5 S 3.9 100 85
July 8 12.2 6.8 2.2 5.3 R 3.1 86 47
July 15 5.5 1.7 0.6 16.8 M 4.2 100 98
July 22 8.3 2.5 0.3 15.2 M 2.9 100 91
July 29 6.7 1.8 0.6 2.0 S 3.9 99 89
Aug 5 8.9 3.8 1.1 0.0 - 3.0 99 75
Aug 12 8.9 2.6 0.6 3.3 - R 3.1 100 . 97
Aug 19 6.1 -.2 =-1.7 3.8 S 2.6 93 ' 94
RAug 26 3.3 -.3 -3.9 4.8 S -3.8 99 93
Sept 2 5.5 1.4 -.6 13.7 R 2.9 100 " 99
June 10 -1.1 -5,8-12.2 1.52 S 5.5 91 73
June 17 3.9 -5.6-11.1 0.8 S 3.8 87 62
June 24 5.6 -1.3-10.0 0.0v - 2.0 83 42
July 1 4.4 1.3 -2.2 0.0 - 2.5 89 68
July 8 6.7 1.7 -2.2 9.4 ¢ -Rr 3.6 98 97
July 15 12,2 4.9 0.0 0.0 - 2.9 90 51
July 22 5.6 2.1 0.0 19.3 M 3.7 98 98
July 29 7.8 3.1 -.6 1.8 S 3.9 96 60
Aug 5 7.2 2.7 -1.1 o 3. S 2.9 98 91
Aug 12 7.2 1,1 -1.6 ". 2.3 S 3.1 96 75
Aug 19 5.6 2.6 -3.9 3.3 M 4.1 88 73 .
July 8 4.0 2.9 1.5 0.0 -~ - - 100
July 15 4.5 1.7 0.0 1.8 M 5.4 93 .. 94
July 22 5.0 1.9 -.5 6.0 M 3.9 94 87
July 29" 7.5 2.5 0.0 5.1 R 3.5 93 83
Aug 5 4.0 0.9 -1.5 1.8 M 5.1 95 90
6.0 2.4 0.0 2.3 R 3.8 92 .53

Aug 12
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This would regult in greater instability of the atmosphere
’ !

and hence, pgreater frequency of cvelones. The dirferences

betwcen the yoﬂ}h in . »recipitation, cloudgcovor, atmospheric
humidity and to some extent wind s~ced (Table 5)tend to
sunport this hypothesis since all Tour paruascters are at
least ovartiully linced to cyclonic activity (chﬁhon 1061,-
Miller and Roskin-Sharlin 1967, Lowry 1967, Rarry and Yare

1974).

.In general, the climate of ing Christian Island aopvncars
to be dominated by a thermgl resime that stems frém the heat
‘exchanﬁe of land, watcr and ice surfaces as su ‘gested by
Hare (1968) for the entire Arctic. Low temreratures tend to .
keeo relative humiditics nigh since it takes very litllc water
to saturate cold air (Geiger 19665. Poth the direct and
indirect (humidity) influences ofvtemperaturé keep evaporation
to a minimum; the final result being low precipitation.
Although hrecinitation.was low, cléud cover was hirh and
this commleted the cycle by. reducing the amount of global
radiationjrecéived and kecvoinr fémperaiures low. The nattern
can bé modifind however, and the clofr and warm svring
conditions with hish ~lobal radiation (1973) was felt through-
out the summer. Snow and ice ablation (time and rate) |
therefore, also avpears to be a vrimary faptof in'cbntrolling
variability of sumuer climate. The imvortance, of enow and
ice in controlling érctic climaée has been dicussed by
numerous authors (Miller 1956, Hafshunova and  Chernigovskiy

1966; Barry and Jackson {969, Bliss et al. 1973).
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MICROCLIMATOLOGY

RADIATICN
Global radiation urinrs the summer veriod shoved grcnt
variability both between the years studied and tihroushout the
scason (Fig 2). In svite of the scatter, a trend of decreasin
f

radiation was evidcnt that corrcsno%ded to the
. /

) »
pattorn on “evon Iulqnd (Courtin and Labine 1976). The

derllno in global rx(ldtlon over the f?OW frec veriod was

much greater than that in temperatce arcas as a result of the |
rapid decrease in solar altitude after.the-summer solstice

that characterizes "olar region radiation regcime. The

summer (July and August) mean (1975 and 1974) of global
radiaticn (O 21 cal cm -2 min;1) vas 10ucr tnan at Truelove

=2 _1, Courtin and Labine 1976), Bureka,

Inlet (0. 28 cal cm min

Mould Bay, Resolute or Sachs Harbour (0. 2u 0.22, 0.22, 0. 25
cal cm™? min~ ! respectlvély, Wonth“y Record AES) but vas |

comparable with values from Alert and ISachsen (0.21 czl cm™e
-1

min~', Monthly Record, AFRS).

Fig 2 also ;ﬁgwsjthat there was a cphsistently lower
level of globél radiation from mid-July ﬁo mid—Auﬁust in
1973 than in either of the other two years vresented (ca. 159).
This stems from the greater cloud cov;r (gg.]S@)rand nay be

related ito the greater freauency of byclonic’activity caused

by early. snow melt (see above).

Global radiation (Rp) is only one component of total.

incoming radintion (I) (Fig 3) and althounh it<apreared to be
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Figuré'z. Global radiation during the summer period of
1973 ~ 1975 at Cape Abernathy, King Christian

Island. Values are weekly means.
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weekly means.
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1 resnbnsible for vériabiiity in fotal-ingominc, lonerwave
incoming radiation (Ld) was the major source of radiant
energy. During the sumuer of 1973, L4 exceeded RT for most
of the seacon and was relatively constant, accountin< for
68% of the 0.65 cal cm'l'2 min~! total incominr radijtion.
Vowinckel and . Orvig (1965)iestim;£ed that longrave at 78°N
should represent arnroximatcly 69% of -total incoming
radiation. Detailed conriderations of raaiative energy

balance are presented under Energy Budreet in the following

section.

Rgflecﬁed shortwave radiation was iO% of global radiation
at tﬂé ary sité and 12% at the moist. These albecdo values
(.10 and .12) ;5maincd congtént throuchout the sum:er and |
wvere ;ompa;lble with values Q% .12 to .3 for meaHOWS and
field (Geirer 196() and other arctic sites (.1 to .4,
Jackson 1960, Ahrnsbrak 1968, Weller and Cﬁbley 1972,

. “
Addison 1973, Courtin and Labine 1976).

' On a scasonal basis, net radiation at the dry site (0.15

2

cal cm™ min-i) was slightly higher than that at the moist

site (0.14 cal cmf2 min~"). The difference is within
pdfenﬂial instrument error and the'values'were considered
tqﬂbe the sane. ‘Net radiation was 687 of global radiation
and 22% of total dncoming radiation. These percentares- were

relatively constant throughout the snow-free period.

Great differences in both‘albedq and net radiation

occurred with snow welt (¥ig 4). On June 23 and 24, 1974,
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Figure 4. Changes in surface energy regime during snow-
melt in 1974. Values are daily means. '



albedo was 0.72 whereas Tour days later it was only 0.12,
This dramatic drop coincided with an dincrease in absorbed
energy that rosze frow 7 to 64" of rlobaY radiation. Snow
ablation (19cm in 4 days) wags more ranid taan was tyrical at
other arctic sites (Meller et 21. 1972 and Courtin and T.ibine
1976). The only oxcontion‘té this wvar durinn atiabatic
heatin~ by Fohn windgz on Devon Island (Courtin and Labine

1976). °

TEMPERATURE - .

Therq was great variahility in the fem:erature (1.5 m)
throughout the sumuwcr sens5ns of ali three yearcg studied
(Fig 5) but in svite of this, the seasonal means (July and
Aurust) were almont identical ranrcing from 2.1 to 2.6°%¢. .As
at many oiher'ﬁrctic sites ihcludiﬁg “anguary Fiord, Lake
Hazen (Barrvy and Jacxson 1969) and Trueiove Inlet (Courtiin
and Labine 1976) éir‘temnerature at 1.5 m increased rapidly
fbilowing sngwmclt. Turing the snow-free vreriod however,
air temnerature was cor;clatéd with global radiation (r=0.8).

The temrerature of the surfa&é'of both comaunities was

_higher than fbatcat 1.5 m throurhout the 1973 sunuer neriod
ﬁ(Fig €). Differences between ambient and the mean of the
surface temverafu?es of the-twa-éommunities reflected
,M//’Jfiﬁfgﬁgif?fGT’;gaiative neatinr and ranred from 2.8 to 6.2°C
| (mean 1.7°C). In svite of the differences between anbisant

and surface temgcratures,'they were hirhly correlated (r=0.96),
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Figure 5. Stevenson screen temperature (1.5 m) during
the summers of 1973 - 1975. Values are weekly
meansg. "
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" suprortine the hypothesis of Hare (1973) that Lhe lower
atmosphe;é synop}ic nattern is cdntrolled by the surface
thermal regime. -

Fig 6 also :=hows that althoupgh the surface temrera~
tures of the two communities were siﬁilnr throuhout much
.of the season, they started to diver ‘¢ in mid~August.

This aivergcnce stems from phe saturated conditions of the 3
Moss—iichcn—Rush comJunity and the hirh heat capacity of
the water preuent. The same difference between the sites
is also sgown in a éomparison of the nunber of celsiug
degree days at cach site in July versus Aurust (Table 6).
In July, the Licﬁon~Hoss—Rush surface (dry site) nad 707,
more degrce days than at 1.5 m while the "loss~Tichen-}ush
sdrface (moist site) had only 42% more. 1In August on the
otherihand, the dry site had 32% more degree days than at
1.5 m whereas the moist site had 80% mofe:- fbe léwqf
percentage increase in August trnan in July at the dry site
resulted frﬁm 1ower,leyels of 'g” =1 radiation whereas the
dramatic increase at the moist site reculted from reducéd

cooling because of high s0il water content.



ble
Table 6. Celsius depree days above 0°C of Lo plant
communitics on Kine Christinan laland.  Data
\ from 1975,
e ) ,
Mnnth He i!'ht LiCh(‘n"”lO (it ’ M()-‘iS"Lj Cho“_
cm Rush (dry nite) Rush (moist site)
1‘}0 ) 109 o 105
10 T105 130
JULY 0 1765 . 147
=5 me 126
=~ . i
- e e — _ ; -
150 b N
10 Il 58
ATGUST 0 , 58 ‘ - 79 ¢
-5 TA5 an ’
S

L

The temperature ngpfiles vresented in Fips 7 and
8 éhow both the influence of the surface heat budpet and tie
moggonn].nnttgfn in thermal repime. ‘Phe cumves are S—dqji"
means in 1973 rép}nséntinﬁ veriods of hirh {endin~ July 8),

moderate* (endine Aurp-1) and low (endine Aupe 27) inusolation

(0.39, .27, 0.09 cal cm min-1"gloha1 radiation respectively)
Y e b\,a -

) The groutoﬁt difference in the pbbfileb4ét the dry site

was in the amount of surrncb heating. Undeh hjﬁH radiation

the tempverature gradivﬁt from 0 to H cm wgsf} c® whereas .

under mogoruto insolation it was 1._’)‘C0 and undgp low
“dnsolation 059'CO, Tho‘moistrslte on the other hnhd, showed

N , :
1ittle surface heéatine (<0.5 €°) under all lirht conditions.

A &

~F T
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. community for selected periods in 1973. Values
are 5 day means.
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Surface water, its hirh hont canactty and its in{luence on
latent heat flux anvears to account for the differoence

between sites since Ry of both war the sane.

The thermal pradient in the tor 2 ¢cm of s0il wvag st;éper
at the moist asite t@nn‘ut Lthe dry »ne. 6he difference
anpears to stem from both differences in heat caracity and
.thermal conductivity betveen the giteg. Thermal conductivity
of peaﬁ is much legs than t)at of mlncxdl s0il (0.1 - f?E \Z-T
0.7 - 5.4 millical cm_]»sec_1 der C ]; van lek 1965) and
since thé*ﬁoist site had a wuch: greater cover of moSss {g_.

2 cm deen), the thermal chductivity of'thc surface layer
should be less at the woist site tdan at the er site. "here
was also less seasonal amplitude in temperatu:e ( 50 cm) at
the moist site suprorting the nypothesis® of lower conductance

o
t

at this 31te.‘

The seasonal trend in thermallre@ime is reflected in
the tCmperature'gradiont in the soil (figs 7 & 8). In early
summner (July 8), the tempexature gradient (0 to -50 cm) was
extrcnely steep (ie. 11.6 C°, dry site and 8.5 ¢°, moist
site). This gradient decreared thfoﬁghout the season and
auproacﬁed zero- on August 27. Siﬂce the tehperature at
=50 cm on Aug 27 was lower than éﬁ?AuéTI at both sites, it
can be exnéctéd that the active layer wuas decreasins in depth.

Direct mearurencnts of active layer denth showed an 8 cm

:decrease from AUEUbt 5 to August 25, 1973 at both



sites. The maximum
August (between Aur

the dry site and L9

than in 1973,

to be related to Jatitude and it ig earlier

Cave . Abernathy had one of the carlicst times

thaw revorted (Table 7).

Time of maximum a

,

b2

soll thaw in 1974 also occurred in mid-

12 and 20) reaching a depth of 48 cm at

cm at the mo4st éite; ahout 3.cm less

The time of maximum active layer deptﬁ aorears
ag once goeas north,

of mazimum soi}

Table 7. ctive layer denth of gome arctic
-sites. : : : :
Site Latitude  /'"Mime of maximum Author
‘ active lgyer !
Eureka 80°N Mid-Aupust Smith “1975)
Cape Abernathy 78°N Mid-Aurust This study
Resolute 75°N Fnd August Cook (1955)
Truelc.- nlet 75°N Farly September Courtin and
‘ : ' Labine (1976)
" Barrow, Aluska 71°N Mid-September Mather and
: : : Thornthwaite
| (1956)
‘Abisko, Sweden - 68°N November' Skartveit
, 3 > '
v

WIND

Wind speed at Cave Abernathy was

moderate and- averagend

3.3 m sec™! at 50 cm both in 1973 ang 1974 (Table 5). This

. :
alue can be used as an aver

age for[%he entire area since

~there were no major tovogranhic features to influence either

speed or direction such as occur at‘Tanqudry F
I . ’ :

iord (Barfy and

/
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Jackson 1969) or Truelove Inlot.(Courtin and Labine 1976).
Prevailin« winds were from the northwest but winds from both

‘north and gouth were fréquent (ca. 20%), (Fig ¢9).

Rae (j951) p?intéd out that wind spo;d in the Arctic
was no groétor thén in tomperéte arcas but thafyits effect
may be greﬁter because of the relatively smooth tundra
gsurface. The yind profiles (Fig 10) confirm this and‘theérough—
ness length (zo? of the two communitics (moisﬁ and dry) were -
0.015 and 0.024 cm respectively. These value. (goo5 to .05 cé)
érq much lower_thaﬁ reported for vegetatcd‘surfaées (eg. 0.1 cum,
Rrass; 4 cm, Barley and 20 cm, maize; Wontéith 1973) but
similar to.that of smooth snow (0.01 em, Weller et al. 1972).
Using the rclationship of Tanner and Pelton (1960) ard
Stanhill (1969) given by Mqﬁteith (1973,3 85-90), the zero
plane displacement (d) for both communities was calcula?ed
to be 0.08 cm. This méans that the infiuenéo of wind ;s.
felt almost toéhe surface resulting in 'low‘éxir iresis ance

to water and héaﬁ flﬁx }rom.the surface.

I3

PRECIPITATION
Precipitation at Carpe nbe;nathjy.King Christian Island,
was comparable with that at other sites close to the pélar ice
péck (A;ert, Isach%en and Moﬁld Bay; Table 4). Fig 11 shows
the'seasonal distribution of nrecipitatioﬁ and althourh there
may be quge errer; in thg d;ta (see Wgthgds),‘two points are

clear. There was.a greater amount and a hicher frequency of

/



Figure 9.

Il

J k 1‘0%

¥Wind direction rose indicating the frequency (%)
of winds from various directions at Cavpe Abernathy,
King Christian Island (surnmers (1973 - 74)
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Wind nroflles durlng periods of moderate wind
speed (3~5 m sec -1 s &.50 cm) at . the Llchen—Voss-
Rush (a) ang ”oss—Tichen-Rush (b) cowmunlties.
Values are means ¥ 95 confidence limits.

l
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Figure 11. Summer precipipation on King Christian Island ‘
(1973 - 75). Arrows mark the ends of the
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prcéipitatién in 1973 than in citner 1974 or 1975 as aentiontd
before (Climatology) and there was a veriod of lo; precivita-
tion just before and uring snow-melt in 1974. Thin period

may correspynd to the sunny, eérly soring period'on Devon
Island (Courtin and Labine 5976) but it occurred a month

later. Observations were not sufficiently lon~-terin however,

to make generalizations.

CORCLUSIONS

‘ In gcnéral; the summef_climnte of King Christian Island
is tyvical of the North and Torthweat Guecn: Blizabeth
Islands as}evid@nccd by the similarity to Alert, Isachsen
and Mould Bay. All of these 'sites are 1in close.proxiniﬁy

to the volar ice rack and it ;s~félt that the theraal

‘gradicent in the arctic islands is f{rom this ice vack to the
southeast. All'¢limates are charactirized by .cool tempera-~r -
ture. , low nrecivitation, moderate wind sreed, high relative

humidity and a high frequency of low clouds or fog.

[ : oy : C
The two plafit comrunities had similar above-ground

microclimates except very closc to the ground ‘surface. The

similarity stems from both the limited size of the‘sitcs
as it relates to fetch requiremehts, and the .smooth surfaces
that 'permitted turbulence almost to the surface thus dis-

siprating gradients of heat and moistuve.

“The bélow-grouqd environments on the other hand, were
| Ja , . . .

quite difforent:and\lhe‘Voas—LichenfRush community was



cooler and more moint thun the Lighon»Moss-Hush couwmunity
for most of the rrowing snason./ﬁ?y the tine thqt the
moisture conditiohs at thefHosﬁiIichcn~Rush\ameliorntou
the soil thermal regsine, many/of the plants nad ceased

rrowth and hence, the imvnroved conditions may have very

little biolorical siendficance.
The majérrreanon for describing the microclimates.
of the two vlant communitics was to sermit exnansion of
plant physiologicdl/procesnes to ecoldgicully meaningful
\relationships. Since microclimate is only one component
of the‘holocoenotic environment, the imhiications of this

.
cart of the study have been left until all comnonents can

4

be vresented (see ™cological Imvlications p 155).



L9
ENERGY RUDGETS

INTRODUCTION

Studics of cnergy balance in arctic and alrnine arcas
\
have been extrewqely rare even thourn tinere have been many
proponents of the avrroach (Gatces 1062, Hore and kitchie

1972, Hare 1075). The rirorous conditions in thece arcas

hamrer the maintenance of the required caomnlox instrumenta-

. 1 f .
(1975) in alpine areas and'ﬁyjﬁé pdls (1972)5 Hazpy and

e

7., Snith 1975) and

Bliss (1074), Weller art-Holf
Addigon (1976) 'in ﬁhé Afciic; Whefﬁégrcy bdégét anuroach
permits exnlan~tion of the tneraal reﬁiue;:one o7 the uujpr
factors Controllinr vlant ecro-th in these riﬁoroﬁs ~nviron-
ments.
3

METHODS ALD MATERTIALS
The methods used to determine the radiation balance at

the surface have been outlined above (sca ieraclimatologsy

~ i

p 19).

Spectral qua]ity of rlobal radintion was determined under
both clear and cloudy conditions with a Spectral Rddiomcter
(I.5.C.0. Model SR) at selected times Jurine 177%, This
iinstrumont was also usced to determine the sucétral quality

of glohal radiation on a diurnal basis in the field and in



environmental growthuchambcrs in the léboratory. In
addition to spectral radiometer measurements, rhotosyn-
thetically active. radiation (PAR; 400 - 700 nn) was
measured with a Quantum Sensor (Larbda Instruments “Model
LI-1905R) when photosynthetic and respiration rates wvere

determined in 1975« .

Abéorbed or ‘ned radintion (Rn) can be ‘defined as tue
difference between iq’ominﬁ and outgoinﬁ radiation (¥ou-tion
53 Microclimntolosy p 21 ) or the sum of the non-radiative

enerygy fluxes:

Ry=IE+H+G+M ()

vnere L is thé latent heat 6f’vapourization (550 cal g-1~@
ZOOC); E, rate of walor loss (g cm2 min‘1); H, sensible
heat fluﬁ* G, s0il heat flux and W plant metabolic energy
flux. M is usually Enall (< 2%, Reifsnyder and Lull 1965)
and becausec of gparse plant cover (5 - 15%), was ignored.

The units of R, H, G and M are cal cm™2 min“L,

Water loss from each microsite was mcasufed dg;éﬁﬁly
with sod blocks 8.25 cm in diamefér and 11.5 ¢cm deep. Sod
blocks were vositioned SO that the ton of the block was
flush w1th ‘the ground surfacp, and medourcmonts were made
by removing and weirhing them on a trivle-bcam balance
(2 0.1 g).. The balance was housed in a nlaotic shelter or
a tent to permit accurate field measurements regardlesq of '

weather conditions. In the case of the vascular plant
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microrites, sod blocks with dead nlants wére also welephed
to permit séparation of the evnnor&tionul and transpirational
comnonents of'evapotrnnupirntion. Durlicate sod blocks were
used in all cases .and seasurements were taken overy 4 - 12 hr
in the summer of 1973 and every 2 hr while plant physiolon1Cult

parameters were monitored in 1974 and 1975.

Soii eneryy flux (6) wag measured with Yeat Flux Plates
(Middleton and Co.) vlaced 1 cm below and arallel to the
surface. These plates measured tne rate of energy transler '
throusgh the soil benealh the ﬂuzula, mdss, lichen and bare ‘
soil microsites of both plant commnlties, Heat {flux:was

agsumed to be the same for all vascular plants. The outvut -

-

from these plates was recorded qy the Data Aquisition System
at the I.ichen-Moss-Rush cbmmunity'(lo min intervals) and on’

the Portable Strii Chart Recorder at the 'oss-Lichen-Rush

comminity (5 contindous minutes per hour). Sensible heatg
flux (H) was determined from Equation 4 since all other

variablés were known, &

’ LR -
©

—

RESULTS AND DISCUSSION ' S ) L
. ’\ @ . . |
The major components of the radiation balance were the

longwaﬁe fluxes’(Table 8). Longwvave incoming radiation

contributed’68%§of total incoming radiation; slirhtly more

than on Devon Island (65%; Addison 1976). These values '

o

Correspondedvclbsely‘to theoretical calculations of longwave”®

o

flux (69%) by Vowinchel and OrVigjggégg.,The gmpirical model
. . CoEEE .
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of Monteith (1973 ostimatoed incoming 1 npvave radiation

that was ess utially tdentical to the measured value (ol 3

\»’vn M1 el (‘m_‘j' nlil‘]_‘). Eatimates l‘w tl}(‘ model of Gelper

y ‘(1”(»(‘»\ on th(: other h;.md, were about 180 lower than measured.
(301 Vs Wh4 1 cal on™ 'njn-]\. ~The hirh porcentare contri-
but ton by lonrwave radiation to total Incomins radiation in

- .

i 3 .

w)] u‘ rexions results fron bat;h the hich incidence or Tow,

clouds and the r'!"if‘f'lt<‘l‘..’lLYHO::T\?«h‘I‘i\‘ patinvay imt decreace
slobal radiantion, Rm‘_xdmtl\'o flux accountoed for YW of

t,otﬂ\ inconin.yg ondy 4w x‘vl‘loctvd and 227 was absorbaed,

. . A »

+,

]
Nooatteant e wade to account. for roflected lonrwave
radiation since wags not-possible to measare it \-.'.i.t.h the
in«*tlu mnt\\ av: 111&9 This meang that the m*o-\o'xtvd net

radiation may be sosewhat lower than actunl.  Tf the actund

mninsi\)ity of the surface was 0,9 rather than 1.0 (naoum, dY,
' t-" - . n
not 1‘udiut:ion would be 0,147 cal en™ min ] or 3t hirher,

‘]hl:.‘wnm“nitmiﬂ Qt_sr‘x‘m‘ 1s insirnificant conmvarcd with the

. wﬂ“

Chdve radiation (PAR; {ON- 700 nm)

. it
(i\‘d\ *based on” "mri-uromonto

-

"gi"xdlometex‘ durin.: the \«u'n'nox‘ of 1978,
'I‘_\\
SOC = O.lDr
minT g 1‘:.0935 and permitted an es tiix:ml.o..

13(10:1 fpr tho July 18 to Aupgust llo,
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Table 8. Radiation regime of the Care Abernathy rerion, Kine
Christiam 1sland. Values are averages frow July
15 to Auruct lh,‘1975. B ‘

[ [, [ U

RADIATTON “ R/\l)l)f\L‘TON S TNCOMING 95 GLOEAL
' cal cm™ min~! . -~
T — —— R, —
Incominm (a1l wave) G649 . 100
Longwave (22800 nm) 440 ' 68
. v \ .

Global (P80=2800 nm) . 200 T3 C0) -
Reradiated (0,800 nm) ' 4183 - 7h
Refloctédo(BBO-PBOO nm) Nerh L 11

i - : ' E
Net” (all wavo) Jape O - 22 63 |
Visible - ' . *

(hO0 - 700 nm) T 105 » . 50 ‘

p—— . . Y A ——- - e s, o o . <

* Values arc based upon svnectroradiometor moasuremoni" jn‘
1975 and globa1 meagurements of 10974 (nee text) |

-
, The spectral quality of global radiation ( ig 13’“'“"',
'vory similar to tiat in the Oregon alpino (Curl et al. 19?2)
with a peak at 45 nh énd a rapid hoclino from %0 to ?50‘$m.
“This ig’romewhwt differont than the srectrum on Devon In]n'd
whero the decline from the raak at W? nm was much ‘ess T

dramatic and there was a grcxtor rrorortion of radiation nh
r

the 1onvox wavelenpths (569 - 7‘0 nm) (Mayo et al, 10793.

RBoth lov sun anllv° (Pib 12) and cloud cover (}ir 1%) IObultOd ps

: .

in a Ugyntor roduction ip qhoit wavelensths (450 - 600 nm% S

x)’*"’ ﬁ“' | L
than-in Iﬁhﬂi&‘ﬁhu‘ 600 - 7>0 nm) honvo increasineg tho pno-

A
vportion of T%d and Iar red lirsht undcr these c>ndition,.~,A
simllax qh*?ﬁgin bho provortion of blue and- rod ]inht hﬂ“(

- "('_

. <1,
-been rvnore%d from Devon Island (Nnyo et nl. 1976 Thu )

pectrum of radiution-on King Christian Island also had phaks

t T ‘) ) R
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- '~5/ : ‘>}‘ .

| e R [ 212
e 11817 Ir
L——-:A 08 & 20 hr

[y

"
P )

i

RO

2'. -

5t
-cmi“

Radiation pW

Wavelength nm x 10

1

Y

Figdre;la. Spectrﬁm of global radiation at soelected times
on August 6, 1975.
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Radiation uW-cm?2-nm!

“0 T AL - T T y o '\1'\
.4 -6 8 . 10 12 14

Wavelength nm x 102

* 3 h .
Figure ij. Spectrum of glodbal rq&iation at 1645 hr duriﬁ!
clear (July 23, 1975) and cloudy ‘(C{nly 25, 1975)

/

conditions. , ; o
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at 00, 1000, and 1200 nm similar to Devon but they were
mych more hfonounced on King Christian. [

j | ’
- Teeri (197&)’suﬁxested that flowerinr of Saxitrasa
~rivularis may Be controlled by a shift in the red to far
red ratio (phytochrome rosponse). Field meanurements of
red to fgr;fod ratios (1.2 - 1.3) on King Christian Island
corresﬁgnded to ‘those on Devon Island (1.1 - 1.8; Mayo

et 'al. 1976) and there was no shift durinm the tfree weck

’x§““§;//;oriod of measurenent (Table 9). There was ulso no meag ure- -

g

"rué\. &>ablc shift in red to far. rod.ra;io w1th tine of day. (Table

10) Since the meacurewent of red to far red ratios spanned
the time when vuscular’ﬁlants comaenced die back’ in the A
field, it is unlikely that the clasSibal 660 - 730 reactioh
of phytochromoi{( involved as a mechanigm in blological

- timing.. It may be however, that the dramutic‘feduction in

blue lirht results in a "physioloericnl" nipht taat ‘has. the‘r
same influence as Biebl (1967) shnned 'or short a\ys (Mayo 1’”

pers. comm. ).
(>0 ’

M

"Table 9 \é1 to far read ratioq at selected times during the
summer of 1975, : ‘

DAT'E TIiE SKY CO“DITI\N RED TO PAR RED

: 660:730 nm

. ! .

July 15 1700 ~ -+ Clear ' : 5 1.29
July 17 1700 ; Clear ' 1.30
July 20 1700 Clear 1.3
July 23 1709 Clear -, 1.28 _ N
July 24 1700 Cl€ar =~ 1 ?330'
July 25 1700 Overcast 8 '~
July 31 0800 ~ Clear 1.2
Aug. 6 1700 Clear « 1.30 . o

(
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Table 10, Diurnal variations in red to far red ratio under
clear s'y conditions (Aupr éﬂand 7y 1975). '

e T e e T T T T I T T e - o wan n e e —— i

TIMZ  RATIO TINE RATI0

0800 1.26 ; 1600 1.24
10900 1.29 1700 - 1.30
1000 1430 1800 "1 1429
1100 1.30 1900 1.28
1200 1.3 : 20N T,y
1390 1.30 : 2200 1.26
1400 > 1.39 : 0010 1420
v 1500 C5 1430 '

. ; T .
’Calculnted net rndiution of all micrositoo of thp Lichen-

- | e
‘Moss-Rush co}nlnlty was higher than uicros i S ln!tho Voss-
Lichon-\u sh comiunity (Table 11)." The differoncq stens from

; both rreater reflectivity and greater reradiation vy the “‘ogsa-
,.‘"‘45.,‘ T ’ i
'-',_',‘J Lichon—&ush coxmunity, Greater r01loctLv1 y avrears to be
S

w reldtpd to the Rzofonco of surface water and after rsin, when

W§ﬁ§"“ouerCe-“atpx was vresent at both sites, ro.lected rndiqtion
: , : L

wwé tho vumoi° The “loss-lLichen-Rush cowr.unityv rer: d¢1tou

K . more ener 'y than the Iiﬂlon— oss-Rush con nunitv (0. 4” vs 0. ha

&2
al cn ol ) because of the hipher SJPIICQ tOWRorxture,

D (.7 vs 3,5 °C). Differences in Rn axons the ‘lC“OSitGS at
each site apneured to result from surfnce tonor‘ture dIliex-
encens ﬁince ror1ection from all pqxtg oF each site was aasumed.

‘o be 1nent1(a1s S .,
. - S
7 Latent hcat {;ﬂk vas the same at bwth olteq even thourh

a

¢\4

~/ one ﬁite (VJSS~LiCh0ﬂ£QUSh) h d 3urfhce water ‘l@‘unt for most

‘

of the season and fue o&her did ;ét. -W.o 1n11qenco _of surfa<e

-\ -~

conditions on vqté} loss (F) wis quaitijgod’by 0ﬂlcu11tin”

¢
3.( a
L V.|'
.
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Table ihqiﬂdét radiation and its com:¥nents of microsites
™ at each of the two plgntxcomnuhities. Yalues are
‘averages from July 15 to August 14, 1973 4nd units

for cenerpgy fluxes are cal cm-e mim~t.
L SITR MICROSITE ~ Rn’ . LE H ’G‘;“kTEMP;ggzuaE
LUZUTA L1470 029 112 006 3,67
reqey - POTENTIILA 147 .032" .109 006 3.60
~MOSS  SAXIFRAGA  .149 026 117 006 3.36
-RUSH 1ogs a4y 024 .108 .012° bo13
LICHFNS L9 - oh1 L0836 .022 3,36
BARE SOIL 150 043 085 .022 3.33
ENTIRE SITE L8 .038 091 .019 3.51
LUZHLA 139 4 L0497 .070  .020 k.20
| POTENTILLA 143 040 © .083 L0200 & 3.76
HosS =y MOSs 136 039,087 .010 I Gly
-RUSH ~ LICHENS <134 034 084 .016 4.+99
© BARE SOIL  .140 B8 L067 .025  4.09

ENTIRE SITH w136 035 .08k .01y L7
o S
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N
lle resistiance (Rw) that the surface iwmoses on the flux:

Equation 5: Slatyer 1067, p 247). o ‘
27% e -e ) CL
Re 20 legmey) (5)
P T " R
1 ‘ w
here P is atmospheric nressure T, air tew-erature (OK)bp_,
. - \
ensity of water varour (r cm 5) and e and e, the varour
: . 5 . @

vréscure of water, at Lhe surface and in the air reacrectively.

A
¢

R

-t

11 vressures are in mm Hge  The resistance to water 1055

or all microsites was 0.37 scc ca”] for the Lichen-Moeg-

tush and 0.36 sec em™! for the Moss-Lichen-“ush. 'Rascd on

. . 'f, -1 . .\
he mean vind sveed ior the horlod (3.1 m sec 1) and ueging |

the relations hip of resistance versus boundqry 7ayor tulck-

nesg (>lttyer IOQ?, p 248), the resistance to watér®flux of

This value conresnonds CTbSLly with tueé;
1 .

. both sites renresented a boundary layor thickness of 0.,09%¢cm.

&

'9ro~nlnne ails vlace-

bty
ment of the canories (0.08 cm) as siven by the Wlnd réofile

measurenints (cee \Jcroclltholo“y p qa) and qenco both

surfaces resvwond like frecly evauoratlng wgter at t.oo

1.0 baaoe

. 2 . L .
of the canovwy., There wasg ljttlo or no surfacé (131n slince

t

nat wou7d have increased tne reﬁlutanco uub tantially, It

arrears therefore, that toe 16w latent nent flux (1.e. 277

b

r

Rn) #as caused by tne very challow varour mrescure rradicnt

. . - . Voo
etween surtface and.air becduse: of caol teawerature and nirh
X

elative humidity. . . : N

o

‘The resistance of the earth's bpundnry laver to sensible

heat Mux (Rt) was also. calculated usin-~ thr method of Slatyer

;

< -~ , ’ ' L
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(1967, p 243) and eotimates of H determined from Fquation 4,
Ry was 0.20 nnd 0. 16 sec cm”! for the Ilchcn-uo"r—Qush and
the Moss- Llchon—Wu~h communities resvectively. It apnears
thofefore, that the fluxes of both"hoat and water are ncar
maxlmum for the pradient nreﬁent because of the snooth aur-
‘1ac0ﬁ that have tlln b)undary layers and hence, low 10@1Ptanco
to flux. |
]
The ma jor dlifcronce aﬂonﬂ the micros sites at each

Bite was in 0011 heat tlux (G). Vascular nlant and nOSS

- ﬂmiCPOEitOS of the Lichen-Moss-Rush community sipnificantly

'reducod G as commared with lichen and bara> gsoil mlcrobltes €;>
(p<.05, Studont—Vewman-koul tesf; Sokal and Rohlf 1969,
p 240). V It is liucly that buildup of suxiaée organic nﬂttcr
at vagcular plant and mosas mlCPOuLtOP was reshonsible for
the rcduction of G,
N

) At the Woas—Liche ~Rush ”lte, vascular plants and bare
soil microsite had 51ﬂnificantly greater soil'heat.fluxes thaw;ﬁw
elthor of the two non-vascular wnlant miCIOHlteS (p-<.O)) |
It is felt that this may. be relatod to OLl moisture conditions
rathor than organic matter builgup but it wa q:not nocsdible to'

'y

diqtinauish bet”ocn the two.

In general 80il heat flux >f the Lichcn N055~ ‘
Rush comnunlty was greater than that of the ”oss-L1chen~
Rush conmunity mainly owing to a higher percentage cover.

of bare so0il that had the greatest G of all miqrositcs{'
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_In general however, R

61

Only the vascular plant micrositesd.showed a szirnificant

differcnce betwecn sites (p <.D5) but no explanation for

this ’ficroncn was vossible with the data collected.

ation %Rn) and its comroncnts for several
arctic and alvind sites are presented in mable 12. It was

not vossible to make nsvecific C)W\dri"ﬂn‘ of R, between sites
¢

(

‘becau,e Ry is controlled by tho radlttlon rersinme wanich in

turn depends on type of year and local climatic donditions.
n ©of the King Christian Islana sité was
quité éimilurtto monthly means of other ;rcﬁic areas. The
data of Addison (1976) and Terjuné et al. (196¢) show that
specific climatic conditions on relatively few davs nay

result in net radiation values tlhat are not necess dlily

tyrical of the gsumier veriod. Althourh rlant curvival and

wintér conditions (Billinrs 1770), it is tae “ntire yearly

/

radiation bud: ot tant can be cnxrelntec with tae boundarieg
of verotatli‘ formations (Hnro and itchie 1972). This
meané that even thourh sumiertime racdiation balance studies
are usefu1>for detvrminjnfq%he growin~ coniit ons of plants,
yearly studies éuch_gs £1059 of "endler (1G71) and Courtin
é;é'Labine (1976) arec necessary in order to understand
overall climate and hence aid in an exnlanation of wvlant

distribution.

Latent heat.flhx aonears to be controlled by

aQﬁilability of surface water in all but the voresent study
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where low air temperatures and hie
valled., The proximity of the wolar ge nack
' \

air flow from ice nack to King Christian Island avpears to be

andltho

men.

ities nre-

ral

the dominant feature in miintaining the low temperidture and

hich relative humidity.

So?l heat flux (G) of most

n

the tyme of vecetlative cover.

Smith 1975), ‘Removal of vegetation at this

activé layer dep?\ by 9 cm in 1974 (55 cm vs L6

.

.
S

It

G and'hencé, greater active layer devnth (Haaj;: and 111

"

tes dissipated & =

is avnvreciated howve

Because of great Var%&blllty amon" the sites and

llmltcd number. of energsy budget

between arctic and alvine sites

CONCLUSIONS

. _
Lonpwave radiation fluxes were the :major components,

Ly

. v

1

a4
[

- of

"R _and surprisinely, apreared to be rather indevendent of

vers,

155

studies, no comnarison

\‘I ’I "1 S

ros sible

“

of the surface radiation balance and can be accurqtely

estimated if the surface and air (1.5

Flobal radiation and in

arclic sites. .

mencral,

<

‘that ‘total removal of vepetative cover. results in o mrenteor
1070,
\ite increased -

m,controi).

the

13

5 m) temweratures are

_known., Net radiation was €£2% of total incominr or G8%. of

was comparable with other

L]

-
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6l

!

" The componnnts‘of not rﬁdiatiwn for a month veriod in
mid-summer were Lé (2?%), H (62%) and G (11%). The low LE
term anpears to rgsult from near-surface atmosrheric condi-b
tioﬁs (low temperature and high relative hUmidity’. There

" was little resistance to water flux because of both Lhe smooth

e

- community surface.(i.g. thin turbulent boundary layer) and the

high moicture conditions in the uprer soil layerse  Soil heat

oy
flux was greater for non-vegetated curfaces than for vegetated

P

oneg and rewoval of surface veretation resulted in a 19,5 greater
active layer thaw,

| o :
| _
Red to far red ratios were relatively constant
(1.2-1.3) durinrthe time when vascular rlants started

.winter prenaration (die-back or leaf colouration), "This

il

Suﬁgestsrth&t the clagsical 660-730 reaction of vhytocl..o:

is not involved in controllins the lensth of the growing

/

. ' i '
seasoh. +«Shifts in blue lirht may bLe imvortant at this

latitude. : _ ‘ | | "
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INTRODUC P ION

Recent work on arctic soila hae |

65

-

.

\

nvolvoed vainly olisai-"

- N ’ )
fication (Tedrow 1966, C.S;ﬁ.C. 197 5),. ERR T (Tedras ot o,

1968, Walkor and Put(r« 1076) or soil

(Tedrow and Browh Loep Retzer 196))

studiecs have used ¢neralized climatic

topograghic™features to delinit ‘soilg
& >

Polar Semi-decert arene (Charlier 19¢0,

Since. the nrescnt_utudy aad a botanign

v
only a I 1ad Leci anount of soil worl vas

e

'tho s0il in sutrficiont” detail th narmi,

comrarison with other high arctic- site
)

871l moistnure recive in the 1imht of po

A 2 g .
rrovwth, 'Q!Fy .

| o/

The s511 thermal ro; iwe hxm beoen
o

climatolory p 34) and for uut#ﬁent ana
I ,
METHODS AND MATERIALS:

‘Observations from 8 sai1l nits due

plant ‘comeunitics fallowed theicatubor*

Systeam of 30i) Classific tion for Can-

S0il texture was detérmined-usfhg t e

for the sand, silt and clay fractions

In 1973, s0il water potential was

. psychrometers'(Wcscdr Inc.) but owing

pvedocenic PIOCU&R(a

In ﬂdditiﬁn, mnny

y vercet »tional or
in Polqr choxt and
ovis m<":;~:":u‘v\\' [REATRIN
1 f1n Tt; ofr ; etference,
'dttﬁlﬂt cd to 7)“u1 Crl
t c]nsleJCuylan nnd

soand 2) deceribe tae

ouireacnts for wlaat -

dlSClﬁscd above (Vicro-,

lyses. sce Bell (1“?“3. K

‘.

at cach’ of tne two

eu as outlined in "he
da (c. S.u.‘. 1974),
hyﬁromgteg technique

(Rouyoucns 1951).,
aonitored with, soil

to cold and woist soils

v

FEE VI
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YO and vory utvvp'thnrmul rradiont s in the urper part of the noil

o wsee Mierodimatology p )y thone in truments failed to yiold
AN . .

" rvllahlénregults. “wil water content was detersined gravi-

v v ’

S metrienlly ep-a woekly busis I 1y and 19250 Det allod

v Ty :

~ -

Toomeasuremnts of sodl melsture (4 hourly) were also taken

1

Joodurine the perviods wien n]unt vhyaiologienl procgancs wera

Soomanitored,  In all ca: o“ Qun1i\1to aanloen wore'tnkon at
N , ‘. : i L .
- L i -6 C“l\d(".‘(}l‘i:“ and a1l saarlen ore dricd at
avoraximntely 895C tor My - {8 e, B
, v b S ;
o .

' . " -

S . ' 3
In etder torconvert noil mpdature (mrnvimut§ic-wothod)

- totaail aatrde votential, nutorxwetnntton curves of the <2 mm
fraction were determined., A nreassure vlate a“nqratun (So0il
' . N R .

Modsture ) was uacdtand soil water cnntLWxt at /s, 1,“?,

-
1y

“

S oand 1% barvg was deterained gsravimetrically.  Water retention

curves were doterained for soils at 4 loclt lons and at 4
dentas (0=, "=10, 10=19; angd 15<2) cm) at cach site.

2= he ®

RIEGBITS AND DTSCUSSTAN. C . ' ‘ |

8011 vedons from both the Tic hnn—“ou“—xu h‘and the \oq
Livhon-ﬁﬁ&h comaunities wore uorvholociénlly 1dontlcw] gnd_
hnd.nS horigomation. "he area v; vory ﬁonY]v alovnin,, f&ljiod
Jknd'(RfS thnL‘wn«'ix\oxinctly to poorly dPJ\nOM.‘ Oniy 0 "C“
hovizon (unniflﬂrﬁntiwlad navont mntorinl\ was “runeut apd it
wds.vory dnvk srayish brown (2 “ Y 3/2 m) or érny‘sh brown

K (;.“ V §/§ d) very fine sandy loaw, nmorvnouﬁ' xr able; vew

'6ts; ubundnnt, very fine random -~areci 4% ci |

[y

thick; Wi 6.0.. There was an abrunt, smyoth brundary at ca.

N

K3



4

~

. . . 5.
. ' v )
P ARt . S
r & - v ~
. . -

’

e

' th\t they should not bouconsidored rerosolic. -Follo

_padon cnnCvpt (qul Survey Staff 1900) as swecified

& - @"“% .. I ~.

45 enm to the "Cz" horizon. Bawluk and Jrower (f975) indicated

that the:EQ1ls of the aroa had some dcvvlopmont basged on;@icro;

morphnlopical and unalytical gharacterirth., and sufpested

ving the

ror
¥
narthnrn s50ils (C.).O.C. 1073) and bagsed on mxoriln norvhology,

r
¥ R 1

the nolI was conmidcrod rewnnoltc. e uoil‘thororn‘e, was A

' hegoﬁollc tutic vaonol (c.q.s Ce 1973) or a Poreidiic L ‘

CPyaqucnt (uOil survey 5taff ]96”) The so0il was quite Afﬁf .

Bimilwx to+many that have beon-deseribed from othoer TFolar

N

: Deaoxt fnd Polar -Semi-desert areas (Tedrow ot al. 1908

=

Todrow 1970, Lguickuhunk 1971, WJIWOPHQQQ Petcrs 1976).
" R ' \ } .
& Soil moistuzo (O 5 cm) of both uitﬂb nnwod 1Pom L%t “V%

5 01 ovnn dry wol»ht tnrouwhout tho ,um.ors of 1?7“ g .
C

197% (W&. M) and t‘wre Nu., a ‘llrht du\clina a t)m so'yso.h /!
B A

4/

.progxﬁasod. ”ntorﬂLontont nt Lhe LiCMGH—“Obs*WUWh o wunity

gaq hi»ler in LQ?U than in 1Q7u and it ?hneurﬂ thqt thi was

<
linkod to frequoncv of” nrocinitdtion or 1hun tothi'ﬂmount

(Pir ). Bawod on Lhi\, it lollows that 0011 moi ture 1n
)2

1973 would have bocn intornodiato 1o tne two yoar pxe cvtud.

The similarity between the yearn at tho VOSS‘LiLhCH*\th

o

communlty-steﬁs from voor dralnage. AIl'V&lUCSvOf water
conteny, during 197& and 197% were either ahove or clo«o to
field cupacity (1/3 bars;” Mig 15).  Soil moiature below T oem

was above field cuvacity trroumhnut thﬂ sumter scason and

-followed the same nattaxn A3 the D=5 cnm derth. : -
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Altn)u howater cowtcnt at ‘the Tichon-“o:s-~u h comnunlty
W h“@n

was Ibwur L&xn.that at the Vok“-Lichon Ruqh com: unity, tho_;

values’ ?%provknt sinilar s6il watef notentinlo (Fig 15) and L

N

w0 Che wites &\d ovbentially identical wator¢ue@fnos from a*

Y -m F v

biologicn] nodnt of view, The differeonce betWOun ':ten

&

-t

rotention curVO° of the tv» soils roaulted fto

o

in silt and clay fracfi*vn (Tabla 13) rather‘tnu

yPOhcos IR
n:ilervncos

S
in oxpxnic matter contcat (ﬁoe Poll 197%), "The Moas-lichen-

hush 501l had a hj-her pepcentajo of silt and clay and h}nce,
_ ~ .

o ). _( Q . Y
“held more water ﬁh&n the Lichbn-Moms-Rush soil at all nrz:iii;K3
(?ig ié) Thore were no ti~nif104nt differonCus in eith :

N

partic]e slze digtxtbutton or wutur 1etont1qp butwmn,tm'xplinh
locatjoghoor bLtWOLH snﬂylins deaths and hcﬂco ati 1en uua‘

{ ~ | . B . :
- ¢ ments at gach site were q&umned. T S wr;g;%‘g *.
. . PAS - s .~ .» o

0 s * : '
- Table I 'Pwrtielo size of soils from two nlnant co nnnitioq
’ s“on King Qhristian Island. %11 valpnc are tn : &
parcnnt G5, cOnffdance 1im1ts. >

. -»J jv"'w.- . ~8- — ") — — : .
: S T T - Sand silt Clay 3
.? * ’ , SI"“E ) 2 'n"géﬂ_ _ e :'0.‘05 m!ﬂ’ A) 00_‘;“0 . D02 mm : <O Oqa “l K1l

4-“

L]jﬁ"on 'TONQ ] ' ' 1 I S W -+ ‘ -
. ~Ryshe " 58k, 53“ 25.5652.45 94382047 . LigtNTa.37 7

T . ..-?‘"

A

;-

”j’ﬁu;,f‘if’“"“ 1;54’:0.1,1, 69.1610.00  17.25%.50 1. 32%1,67
) i . - ! ’ .

. \ "
P4 o . , - - . X T ¥

. :
CONCLUSIQNS - ¢ . = ~ . e
ﬂ ' ' ) N ’" ‘\ -« a’“ L V'. o » i ) ‘ - \ R .
//. . » ' . . B . : " “ K . t »D '.; .
« - As with all ecctions under the broaq.heading of  "nvgrong

- b

o mont R the wa)or conclusions must await'“re sentation qf‘blanf

N nhysiélogical inrormatién and hence, nnly ai.ew rpneralization

-

may -be aade here. . 3 v
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"he soils~of Cape Abéﬁ&?&hy arca on King Christian Island
wvere Regoqolic-static Cryoébié that had no morpholobicalx
modification of the profile. | | .

Soil moisture was above field capacity at both sites for
moét of the growinr secason indicnting that watpr snould not

be afliuipinq factor for :lant «rowih at eitaer site.

\’\‘. .\

¢
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/that is both wddespread and - ‘comzon, throughout

h:’%‘
o

PLANT CHARAC"ERISTICS

- ) - R
INTRODUCTION: o S . .
I8 . j’ ’ l |

Lo . /
<

Luzula confY#a. is a circumpolar srctic/a%fineyrush
he North

/ Americah Arkctic. In the Canadian’ rctic Archipelapo,'

Luzula confusa occurs on almost all of the larger islands

Porsild The habitat of L zul in ludes e of
" (Pors 1955) . The habitat of Luzula inc some o

* the most riFOPOUP\aPCtiC environments, and the spegies

appears to be among the hqrdie st and “most typically h1»h

\ arctic of all plants (Polquf 1948). - .On K!ﬁg Christ&aw

i

[

~on King Chxistian Ig

. -

A

72

\

Yae,

LR ]

Island the: greltncﬁkplant cover océura;in a narraw band

. about 1.5 Kn wide, 1 Km fxom ths coaet Luzula confusa

was a ma,,‘jor&comtoncnt ob this vq@tion (see Plant G
Communfties o 10;" Bell 1975) i 2

,‘ . sl

R oA . e

\ X . ‘ .. ;4,' N w - A
. ! LA Rl

R o e e C

""
|
\
Observations of sevcral characteristics that ay
4
aid in the survival of Luzula coﬂfuca were made both

on King-Christian~Island and in the laboratory.” Ten§®

mate nuaber of,lc

plants, approximat 1y 15 cn in diametor erc collectcd"

aqg and examined in dctail ;;JPSti-

es'nroduced ay rare ave of tixders,

' . v = s j.‘_:""" f‘."""
U o ;
° T ¢
R

 MRTHODS AND MATERIALS . . R

, determined by comparing tho avera” \length of green . .f

v
$

¢
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|

mat31111 (cm) wjth the average donth of the qctjvo layer

(cm) for a“prowinitoly 67 vlants durdne. ono"'-me]t.

L)
i . . 4

_ y _ .
Five cores (?8 cm® X 15 ¢cm deep\ Were txfen at the penk

] of the grow;np hglqon (our]y Aunuﬁt3 o) do'“:wlne the various -

gigmaos~comnononts of the 1lnnt ( txnd1n1 ae{d aboverround

live, rhi7om0b, and roots at soVora1 genths) q?raé were
g

divided inLo 6 rarts at dPhthb of +a,’¥§ Ogj-lﬁ -ﬁ, =1

.~.5\

5 :
and ~15 cm. >Wosﬂtﬁiviblon were baqeﬂ on nlant charucteri

tics: +qﬁcm revrés qftod the top of- tho veggtavivc canopy, T+ ‘
L

cm*-top of the moss 1ay5r, 0 cm, moss—mlnerdl ﬁofl ﬁntorrgcé and

NCT > Mo Rl

.~1 Lm, maximum penetration of rhizgm'k.y Othex divxqjon ‘at;

h

mkﬁgre arbitrazy anq co&ncidoa weth the . ‘; g

. positi : \md’isturo Qud tumjer Vi"a 'neahum wnta. o 3_', :
\ . R ’Ala . cEe e 7 )

' } i~ \ . - 1o .. . . o Wy

B 4 3 I ; o B I .
RESULTS AWD DIscushion & . L

. - . . B ‘3‘ R . ‘

N ) . . ::\”J . . . A .
* o i # 3 t ‘

) GROWTH FORM
\ Mo L Luzula cﬁﬁ fiica nlantr in the Pular Spmi deﬁpr

ﬁﬁ, area: oﬁ*hinw Chriptian Islnnd wére 15 to 30 em in dianetier
and appr0\imately 4 cm hiph° Moss grew bptwé%n the tillers
and formed a mat about 2 cm thick. The resultant growth~
) for? was_tuited and oxtended only‘gaiph ly abov;?the uurface.
\ Since temnefatures are hirgher near xﬁ; Sbllﬁsurface (sec
Climatology and Nic§pclim5toléhy P 34), and since arctic ;~4v*"
R 'nlant growth_anpears‘to “be Iimitod xainly by low sum ‘er :
temperaturps (Billinzs 19?4, Tieszen 1072), the growth form .
of Luzula may be an’imnortapt plant characteriqtic nermitting
A S . Lo

\

3
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cqr‘ivu] and rrowth tn the Kin7 Chrirtian Ie land onvironnvnt
»Ghé\fipppﬁence of a- Tow growth’ form, uﬁkhtly apxo ised th tie

soi} uurf&oe h%ﬂ been dc cxlbpd in dotail in relation to

arct&c and alpine cuohion plwgk rurvival (Heilboxn 1925,

Snomor 19Ck4, Bliss 1971, Corbot 1972, Addigon 1976). The

v
\r

pergintence of dead leaves in their unright position may

" - , ‘ A
also bd of lmportunce in imvroving the thermal rwﬂ&hm
\ .
"heso leaves act as a windbreak, increasin,: the goro plane

displdcomont decreasinge convvctivo heat flux and\ o*uttlnp

in hiphor loaf tonnoraturos. Thc tugtcd naturo oP Lu,uln
may alig we: importlnt in trayrping ;kow and nonco, broviding
. - .
greater winter vwrotection and more moisture in tuo eming,
¥ ' . !

K

&

Individual tlllcls of Luru1m~ uccd Iu.; t 1{3 (mean

95% conridonco llmit 5) leaves durtnﬁ)thelr llro Bhln.
Each tiller had 4 l%aves~%re°ent durinv ‘the growing se ason
- but sinco oach leaf lived for 2 yOJro, yearly Loaf nroduction
was 2 lenvcs per tiller. This estimato i1s identical to leaf

Island (Bell

f’ "o

production of Lurula nivaliq on King Christlaqﬂ

1975) and of Luzula confu°a~on Creonlandc(qdronﬂgn 1941).

Assuminn that two leaves were nroducod yeqmly, tno aVCPdﬂG

life span of a tillcr J@%Pabout ? yenr~ This'corresponds'

o closely_with -aga estimates of Tuzula confusa tillers'on
e Greenland (Sfrenson l9«1). , _ = S .
. . : : (Q .

. The ase of entire plants was ootimated in two ways. -Qn

L8 rhizome, initiation of a now tiller occuzrcd when the



7’5

youngest tiller was avvroximately 3 to 4 years old. Since

the life %KPdCtnncy of a tiller wuas abouf 7 years, two tillers

<

were alive at all times if n0'nromaturn death occurrcd. On

the plants examinced, only 25% of the tillers wexowhllve and
plant are vas ¢ calculated 110m Fauation 6. ‘
. » a
o B T g
. \\' ) i
“where RT ig the rcplacemcnt timo (ca 3 5 ycar S)e This . -

ks r

: resultod Jn an er 11mated plant &ne of about 30 years.
RhiZOmo blanching however, results in an underestimate of

age.both -because of the potential time lag involvcd 4n branch-

! r

inp and"hv 1hcred°e in the ratlo of l%?ln“ to- total tl]]ers.

% -

i A rhizome tﬁat hah two branches will have L' rather than 2
A

tillérs dJiNe at any one time. Since rhizome branching 4

occur;'.e;. f;“equont]y, 30 years must be conrider(d as- the &

minimum poqsiblo are of the vlante exanine

k]
—

Plant age was also estlnatcd by multivlying the -

’ g
numbor of tillors ln—i:i:y alons the lonﬁest rhlzomo blnnch

by the renlacnmont time 3 5 yoarv). The agcrage number ;
of tillcrs in a row was‘32.3 5.6 thch requted in p]ant

- age estimqtﬁgﬁfrom 9L to 132 yoars. It is felt that this
latter ebtimate was more redlietic and that t e vplants uqed
for hoth fleld and labordtory exnerlmcnts were annroximately
IICkyears of age. Plant age is an imnortant favtor when the .
lonp-term effectgs of environmental factoru are coneidered.“ i}:>

yoT . .
- o _ ' \
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- REPRODUGCPIAN ©

!

. . e §
Is]and dppoar‘ to bo leited bﬁg%hb*ﬁﬁyeica] onxtxongf

Sexual renroductton of Ln’ull confusa on AlnF Ciuristian

.y

-—-t—.‘ L B R
in fact, no vid v'bbed was nroduced during the thr-,_sbnrs

of study (Bé 5) The plant relics heavily on vewotative

':‘f renroduction and nhewv t1110r~ are producod every 3 to 4 yoarsb

et

E‘,

It is not untilmxhe seventh year thlt a tiller flowors and

dies. Fvon flowerinp may have a greator Pmract on vegetative

reproduction than on gexual reproduction since rhizome branch-

ing appéars,to Qpcur.eithomeore f%cqﬁontly or exclusively

at the point,of attachment'of flowering ti]ler* The shift

from leaf to flqral meriotem may reduce apical dominarnce and"

v

permit growth of lateral buds on the rhizome. Rhizome brnnch-

ing howover, does not occur with each flowerln” The observa-

}ons of Luzula sunnort the Veroralizatlon th\t unde envilon-
A ; N
;?ptlnd'!%g e

mental. strgss, sexual revroduction is le:

aseXual rqprdductibn tBlias,lQ?l, Savile Y
. B » ’ - ‘ Tt v ‘ : .y

~

Lu7UQa confusa seeds did not mature fully in any of the

three study years (Rell 1975). It is oxnectedvthqt mature

. . | ) .
soeds.may‘be dormant ‘owins to an inhibitor in the seed coat

“(Bell‘lQ?S) similar to that.renortod ror L. n101tw &3d‘1¢71§

parviflora in Ehe Alvine (Bell,and Knen 1670). In goneznl
seed-dormaacy is rolﬁtively rarce ip arctic and alnine 5D6CLOS

(Billin"s 19?u but it may be this dormancy that con ributes

tq the - rucceso 0 ,the snecivsF%th%Eosqocs this characteris tic

)

(/\mén 1966. Blisr\lcm, Billin('s ﬂm). e,

] 1

¢
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odliou establivhment in aﬁctic dnd alpine areas
v

season len‘gth" R

Althourh no ooeolio ‘Nof Luzula were found, the position of
thelptznt's rhiZOme %avc ‘an indicntlon of how’ ertablishment
may havo.occurred Rhi?omes were iound adong the intoxiace
botwoen a moss layer and the mlnoral soil. This sugrests - |
,that the mosiswas ‘there boiore the plant invadod and may
have acted as a seedbed fof it. Otherw1so, rhi?OMOb would
be belov the surfaco of the minozal so0il. In‘revegetatiqn
Btu‘ios on King Chxisttan Island, a moss ,ubstratousup+ .
stantially decrea sed mortality of soveral native soeoioo_ AU -
(Addison and Bell 1976). Mosses thercfore, appour to:;fgs .

provide a much more suitablo environment for seedling;%*ﬁ'

and little rosiatunCe to the ponotration of roots. In the

‘ﬁ#& ? L :
rigqrouu environment of King Chribtian Island & Mmoss "50 %ﬁ
seedbed may bo not. only beneficial but essential to the S
euxvival of Lu7u1q confusn seedlinﬁs and thooe of othor
vascula; spocies. - . V?il *v

‘ - L @‘u
. A : L o |-
! Temowgn . Y A
o, SRR ’ b N g - _“ oo ] :
e Y
";Q . i » . .

: i' ‘Rapid prowth initiatfon in spring is an iaportant &
0 dharaoterfbtir of arctic planta since it hornits full

s c R
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utilization of tho short growing scason and cnhances survival

‘A

in the r'ip'orouu Jrctyc cenvirgnment (Rliss 1971, Savile 1972,
Billinrs 1074, Tiesaen nnd Wieland IQ7F) ~ The veronnial.

nature of luzulp coniu"a with itu largo rhizome and winter-

_groen leaf bqqcs, normltr the plant to commence gro:th alwost -
1mnod11te1y unpn rnow—nclt. Mensurcmont of active layer
_‘depth and green lea1 lenrth in Lhe snrinf indicateq that.leaf
pansgion comnencod when tho actLve lnyé; was 1egs than 6 cm
E!ick.‘ On king Christian leand, the soil thawed 4,9
ﬁgl 2 cm on the first day after snow-melt and it apwears

herofore, that Luzula requirod loss than two snow-froe dnyﬂ

"g‘ﬁo commence pgrowth. This speed of 'soring 1nitiation com res

CIOSLly with arctic nraminoidn ‘at Barrow, Alaoka (T101§en 'h

. N \
~1972). | : . _
.,‘ ot \ B ) ] ) - l.' ."!1" #‘{\w , ”‘v t"

v, azula has a vorjﬁdic gt)wth sattern (Sdronoon 1941) and
_on Kinw Chrlutian Taland, leavns-sturtod tOfgo dormant L5 tgfﬂo
-days aftor “the inxtiwtion of growth, Reld (19? ) found that

Y root gzo-th of Im7u1a confusa droppon to aluskt zero betwee 0
’ »
6.and 7 wecks after snow- ~melt in 1974, It ap—oars s therefore,

. that fall colourqtion of leaves 1o a rea onnble indication .:

of wholo plant senosconce. :%hin contrwstq with Carex §;QJS o

'in wet sedge moss mgadows (Devon Idlund) where root growth
'continuod two weeks a%tef leaf- senescénco (Muc l??t) Poriodic_;
growth hrovides insurhnce agalnst winter 1njury but eacrifice

.tho onportunity for extensive growth ;n a iavourable seasan

I .
(*Savn]é 107?) ' s

l " "

™

LB



~BIOMASS

{

i anpearxnce. The ndqptivo hipnifiCunce of this prowth rorm ‘

| | o
| D . : 79

“ é

s

. o

, \’1 . o . o |
Only 5.8% of the aboverround biomass of Luzula gonfusa

was alive (Table w) ‘and hence, it was thq standinz dead

material that gave the plant the chaxactarivtic tufted

v

»

,has baon diocupreﬁ provi)uslv (see Gro-th Form p 73).

% fAlthouwh the abovégrounq biomass vas sonaratod into living

»

’ ,and dead cnmponﬂnﬁg, the balowg;ound biomass vas not (Tnble

14). “and honce, it was not vogeible to. daﬁ* nino the li\zﬂn{‘

w
ﬂ!
root to shog:.ratig of tho!g}ant directly., wo indirgct

’estimatos ef root to shoot patio wore mad¢-~ tho first ubinr

‘{'ahooe‘ratte of 0, 39u “Thes timatos a
live root to shdbt iatios o:ggﬁ King Ch$ibtfk: Island plant..

Lt

4

\

by acsuring th#® the livins to doad ratio vas the: sané ‘both

4
total abovegrouaﬂgind belowground biomqg d;d the‘ﬁecond,

abeve aud bélow brqund. Luzula had %n ovtimatad beloxrround
 .71 and an egtjmated live root to

.to abovegroand ratif :

e quite close to .

,] .
speciﬁs (Q o1 to 1 ou Bell 1975) and for saveral othar polara

“Semi-desort eas (0L 2 to O ?? Khodachek 1969. Alekaundrova

?}) \ The low root to. ahoo\ ratioa in Polar‘
"

appoars to rs<u1§ ir@m.a very hos tile

soil eaviroument*(Bli§s ét 3&. 1975. Bell 19?5). =

55 cm of the tail (Table 15) even thouvh the ‘active layer

"\ﬂ,

thawed to a depth of uj em. This i quite different rrom ~

*»
4

N

e

-‘ v x ’ 17 R s . -
N Mbst qf the root Eiomaas of ‘Lugula (80%) was in the top

-
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Table 14. Biomass com .gnents of Lurula confusa on King

Christian Island { mean = 95% confidence limits),
Arca is based on the cover of Juzula of the Lichen-

Moss-ush Comaunity.,

—
Connonent Biomasg % of Total
x g m"

Aboverround Total 16.7%6 £ 9.52 58 .4

Live 0.97 ¥ n.81 | 3.0

Standinr Dead 15.79 £ 8.95 ,55.0 .
Rhizoues 5.53 £ 2.96 » 19.%
Roots | 6.h2 L 2.12 S22
TOTAL 28.71 | 100.1

‘Table 15. Vertical distyibution of roots of Luzula coniuca
on King Chrictian 1sland ( mean Y 95% confidence
limits). Area is based on the cover of Luzula at
the Lichen-VNoss-Rugh Communitvy.

Depfh »Biomags % of Total
(¢m) . g m

0-1 'Q<81 L 0.62 28.2 .

i -5 2.95 = 1.62 Ly o9

5 - 10 T 0.96 TTo.7 16.0

10 - 15 0.28 *.0.26 ) L3

V/

TOTAL : G.h2 £ 2,12 100.0
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many low arctic siteg w:iore some ced.e and rrass rootes have
been shown to renctrate to the “ermalro-t table (Hlirs

1956, “illinzs and sShaver 1972)%  Luzula roots arvear to be
concentrated in the most favouralle tiuerwal environaent in
the soil; emrhasizin:” Lhe Imiortance of tenoerature in thins
hirh arctic site. Havine the bulk of the root svaste o in the
warmnest s0il environment would aleo cninane. wat, p W tyze he-
cauce of jnéreqsed membrane nermeabilfgj and nut:ient avail-
ability a- a roecult of hi~her ceeom osition rate:. Bligs
49& al.(1973) indicated th- low 511 tewreratures were aore
imrortart tnan nermairost in reducing tne »lgnt of root

penetration in the !"igh Arctic. On Kin~ Cari~ti~n I~1and,

there were essentially no roots of Luzula b~low 15 cu,

No real c¢osruricon can be made of Luzula bio:acs with
total vascutlar vlant biowaze of other Tol2r Semi-decert
areas since tie whole plant cowaunity vas not sar-le..
Bliseg and SvobodaA(l977a) huwevegi-rcnortod a2 live vascular

prlant biomass of 9 g n in an adjacent area on Ringr
Christian Tcland. This value ig the lowest livae blomﬁss
estimate from any Tolar Dgsrrt or Folar Semi-descrt ar.a
revdrted (Bliss 2né Svoboda 1977b). The com-unity cansled

by Bliss and Svoboda (1977a) and the Lichen-Moza=-Sush éozmun-

ity apreared to have similar standing crovs (visually).

Assumnine this, Luzula c¢confusa accounted for "5 of the live

vascular nlant biowasgs while coverine only 1.4¢ of the area.
It anvears therefore,that on the basis of biomass, Luzula

confusa is much more important than its cover would indicate.



JATER RELATIONS

INTRODUCTTON

Mogct of the Arétic receives less thnan 250mm of nrecivi-
tation annually, and éince most falls as sno~ durin- the
period when pvlantg are not actiﬁe (Thompson 1967), water ig
potentinlly a critical factof in the survival of arctic »larn' ,.
Late sunmer drourht h# been abserved at several ;rctic‘sj‘«n

[}
where a‘deen active layer rermits ravid surface draina-o

(Bliss 1956, Weller et al. 1672, Teeri 1973, Addison 1974).
The role bf water ag fe]atéd to aretic nlant survival and
fﬁnctionin@ has been reviewéd from both cco!o:ical (Bliss
1971, Billings 1974, lewis and Callaschan 1974) and.rvhysio-

losical (Courtin and Mayo 1975) vicwnroints.

. L)
Water on Kine Christian Island did not a-:ear to be a
limi%ine faciypr for vlant survival duriny any of the tirce

years of this studv (see Enerry Budret p 59) but since uany

individuals of Luzula confusa 1ad cstimated agz:s of, about ]
110 years (Plant Charactceristics p 74), they nay have bcen

exnosed to a few excevrtionally dry years. orournt, thercefnre,
could be of critical imrortance in the survival of tnc’¢~¢cﬁg$'

..

in thiec area.

The aims of this nortion of the study were 1) to quantify
the water regime of the goil-rlant=atmdgohere continnu in the

AN
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field aqd’?);to estimate the canq;;?)*{g;’;: Tuzula confura

" to withstand water deficit.

Lo

«

MTTHEND S ATD CIAPEATIALS

. i
- f :
™eld and loboratory water rerine
-~ Y *
o
Leaf water rotenti (| (V;) of Iuzula war determincd vitn
a chamber vsychrometer « mcotructed afterei:e desisrn of ‘ayo

(1974) and using a "escor Psychrometric ”icrovoltmete; ('odel
MJ-55). Entire tillers of Luzula weré collected in the field,.h
sealcd in aluminum envelopps and trqnﬁnortod to the field

1aboratory whege they were cut into 0.5 c¢m lengthd and sealed

in chamber psychrometers. TesMthan S nin elansed between

. the collection of tissue and insdrtion into the psychromcfers.

The chambers were nlaced in a water bath to wrevent thne e:cta-
bliéﬁmeﬁt of thermal'gradiehts in the nrsychrometer bodyv, and
Y was measured with the Wescor meter after a 2 hr equilibra-
tion time.' The equilibration time was determined evoeri-ent-
a11y>by measuriAP V/‘of 20 timsue gsamnles every 15 1min until
tnere wag leqs than a 19 increase in Y per nour. Psyéhro-
meters were calibrabgd monthly with KC1l solutions of knovn
osm5tic notentials.“JIn all cases, the tiliérs used for wuter
votential measurcments wer: collected from the centre of

tﬁe vlant. This position was gelected both o standardize

technioue and to obtain a r--rescentative % value for

the cluap as.a whole. .The water potential of a

o
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) ébntral tiller wag usually within 1 bar of the average
-of tillefs at.the 4 cardinal points (i.e. N, S, E and ) and
was always within the range given by the 957% confidence limits

(Table 16). . &

. - X ‘
{
Ta{le 16. Leaf water votentiul(barsg) from various parts of a
: Luzula plant durines a day with mod~rately hirh -

insolation (July 28, 1973). Ty

TIME ' CLUMP POSI™ION ©, MEAN CEIITHAL

hr ¥ 5. .E W ! 95% c1. TILLER
0400 -~ -3.2 =3.6- -0.1 -3.2 -2.5 L 2.6  -3.2
L0800  -2.6 -3.7 =3.7 -4.9  -3.7 % 1.7 -4.2 )
1200 ) ’108 "2-3 -306 ;'20['} -205 t 102 - "5.1
1600 ) ‘ -008 "14'0[* -804 -5.0 o -"4'06 ‘t 500 —407 .
2070 “1.8 =61 2.7 4.2 -3.7 23,0 . -6.3
0000 -2.3 =1.1 =0.9_ -1.5 =l.p 0.9 1 -1.1

. ! \

<
’

Osmotic vlus matric potential (Y;+%) was detcrained #ith
chamber vpsychrometers after freezing; the tisrue to break the -~
cell membranes and hence, reducin~ turror to zefo: In the
field, liquid propane (-40°C) was used to fréEZe the tissu
wnereas in the laboratory, licuid nitroren (—H96°C)'was ysed,e ™
Since both ¥, and (Y, +%) were determined for each tissue éiﬁple,
turgor potentiai E?;) could be calculated fv6;_ﬁquatidn 7.

/

%?%‘ (Yr+ %) (7)
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Atmosvheric humidity wasAmeasu}ed with a hyrrotheruo-
gravh (See.ﬂiéroclimutolory p 19) and the water £lux from
plant to atmosnhere wag mohitorea with =od blocks (see
Enerfy Pudrets p 49). Live Luzula leaves wé}e harveested
from thé sod blocks.when tney werec reﬁiuced every two weceks.
The leaves ware dried at 80°C for 24 hr. Leaf area was
deter nined uriﬁqla linrar rénroéédoh of area versus oven
dry vieisht (leaf area in cm2 = =4.,0701 + 397.28 x*oven
weirht in rroag; r = 0.89). Leaf area for the PCerssion:

was determined by the Ballotini ~lass bead technigue

(Thomnson anc Leyton 1971).

In the léboratory, ‘/j , (7+%) and ‘f; were deler.nined
daily durinﬂAa Ls day zrowinrs -eriod. All nlants ured in
laboratory exreriments were collected in tue Jielae at tac
end of the rrovins secaszdn, vatled witn t.eir nalive s2il and
Fiven a "aormancy" period of rore tran 2 antas at -SPC.'
After the dorauantv veriod, tae pljnts viers cTovn muky*the
conﬁiﬁﬁgns shuﬁnfin'?ig 16.  Air tesmerature rans d irom

NN3 cal cn™e min’J((O;GguE 22 gec”! PAR) (ni~nt) to

-
B .
-

’ L oo -1 -1 L . / .
- 32 cal cm < min ! (54D W% m sec ' FPAX (dav). The 1i .t
S ‘ ‘\~ ‘. )
.- spectrum under® vafious chauber 1ir.t levols is rrosented in

dnnendix A. ' PN



86

-t
(o
1

TEMPERATURE . °¢
o
[

0 6 ’ 12 18 . Q
TIME '

cal emZmin?

GLOBAL

TIME

2-

'PAR pE mZ2sec x 1072
o) |
I

O
i

d4>

. B f
0 ‘ 6 Co12 18
' TIME
Figure 16. Growing condltionc in the environmental growth
chambers’ used for all vlants involved in
labotatory experiments.
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thsiolonical“rosponse to water deficit

/’ The resistance that Luzula leaves im-osed on watexﬁ¥1ux
#23 calculated for reriods when tie rlant showved sicns of
water deficit (i.e. Y% <1 bvar) in order tosestimate tie.
capability of the plant to withstand drourfig. ™he tota] .
resistance cf the water trannfer; nathway from leaf to air '
(Fig 17) was calculated irom Vodation 5 (p 59) and then the resist-
ance owing to tne laﬂlnar boundary layer Qf the leaves and .

the canovny was calculated and subtracted from the total,

The sum of boundary layer and cdnory resistanccs WAS
calculated by combining the heat transfer equation of Raschke
(1960) w1th the ratio,of the diffusivities of water vapour

and heat in air (Slatyer 1967) into unatlon 8.

1.82 C,O(T] - Ta) (8)
d

I‘a:

ﬁhere ry; is the resistance of tﬁe bouhdary layer and caﬁopy
to water vavour transfer (sec cm-l) C, svecific heat of air '
(cal g~! O¢ 1),/o, dengity of air (g cm 3); T, and T a?
temperature (OC) 07 leaf and air Lesnectlvely, and H, sensible
heat flux (cal cn-z se ) calculated from Fouatlon 4. The
assumption that sensible heat flux was equal from both leaf
surfaces whercas water loss was from only the one surface

that had stonata has also been inccrporated into ?quatibn 8.

Because of the methods used, the possible error in r, is

extremely large (Appendix R).
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AIR
Fa
-
p
fe .
4
rj
Mm
LEAF

Figure 17. Diagramatic representation of the fesistances
to water vapour transfer from leaf to atmosphere.
r, - boundary layer and canovy ry - leaf g
r, - intércellular space r. - stomatal
r, - mesophyll - ! r. - cuticle
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Since the fesi;tancc éf the intercellular spaces (ri),
mesonhyll (rm) and cuticle (fc) are usually relatively
constant (Slatyer 1967), it follows that chanres in leaf
resistance (rl) vere caused by changes in stomatal averature

(rp); the biological control of water loss.

The resronse of the stom;za to decreasinp vater content
is a function of the clasticity of the cell walls
(Warren Wilson.1967), and in order to estimate this elas-
ticity, the resronse of leaf water wotential and its
componeﬁfs to decreasing rqiative #ater content (RWC) was
determined for entire Luzula tillefs. Experiments were ‘\\
conducted under laboratory conditions at two vlant vhenolog-
ical staxoé‘(;.g. preflovering and durinr die-back). éelative
water content vwas calculated from Touation 9 (Slgtyer 1567).

(W =)

RWC = 100 - : (9)
: u -
(W ="y)

:‘where Wf is the fresh weicht; Wey t veirnt, and 734

dry weigits

) Entire plants.were wel1d§§:ered~and enclesed in plastic
bggs for 24 hr in order fo maximize both Vﬂ and RWC, 1t wgg
assumecd that all tilférs of one »lant .enclosed for the %% hr ‘
period had the same RYC and ,Q’ The relative water content

of the plant as a whole w{fs estimated by measuring RVC of 4



entire, non-flowering tillers. These tillers were weighed
(Wf), floated on distilled water for 4 hr and reweirched (Wt)
before they were dried at 80°C for 24 hr (Wy). Other tillers

from the same plant were detached, welcned and alloWwed to

lose known amounts of water befdre being transferred to ) W
! 124

(e
necessary to -rovide a ransc of RYC), ¥, %f+$iand‘ﬂ . ;ﬁatg
tential, its comronents and oven dry weirht wé&e%&éternfkpgg o
-* RN
as described above. Relative water content vas calQ&@atcd .

from Equablon 9 .and maxing -the correction in N \based on thp
/

amount of mater ner eran (W ) that, the tille"c floated on
/

water had absorbed. The averare Rve obtained after seallﬁg o
the entlreAplant for 24 hr_ﬁas greate1 twan 95% in all qases.

.\"‘. \‘

— . hY .

The éoeffiéient of expansion of Luzula cell walls (Y)

-

was calculated from Equation 10 (Varren Wilson 1U65).

/ Y = (Y ) - (k) + ‘f’gi (10) 8

1 - RWCH{ | ‘ J

where (%ff??) is the sun of osmotic and matric rags?tials
‘at full thrgor (i.e. RWC = 10 %Y 3 R?Ci, some relative water
content less th full turgor (arbitrarily taken at 90% and

'(q;L, turgor votential at RWCi.
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RﬁsyLTS D DISCUSSION
' '
Field and laboratory water roegime

~

Seasonal

Water content of the top 5 cm of the 50il was above
field caricity ( ~1/3 bar) for most of'the IQ7u‘sum.er
season (see Soils p‘67). In feneral, the s0il renresented
an adecurte available water sunoly that was comvarable to
the wet :eadows at Barrow,‘AlaSRa [Stoner and “'iller 1G75)

and Devon TIgland, N.7.T, (Addison 19?‘9.

Leaf water potential (F1P 184) w15 lov (ine. =10 bars),

e
in early Ju]J, 1974 but ;ncreabed over a 10 day veriod to

‘about =5 bare where it remaine? for nost of 'the E£T0 ;n” .
@

season. High atnosnheric Aumidity anneared to pe resvons.ule

+

for the low transpiration rates that narﬁitted a shallow

501l te leaf water rotentlal dlfference (2.3 bar,}, Mean o

seasonal vawvour Lrosqure def1c1t (<-O S mb) was less than is

*considered tyolcal of eitler arctic (6-3 mb; Lewis and
Call:jﬁip‘1Q74) or alnine (8-10 mb; Pell 1973) areas. The
lowe Sprlng values annear to result fr o jow goil temera-

tu:es‘(l-EOC)‘reducinr root water uvotas- ra:.er thhan dry air

increasins water flux from leaves since atmosvheric hunidity

was Q}gh throurhout the season (see Climatolog: and “irco-

.climatolory p 28).

f,-\

~

Y
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Figure 18. Leaf watef potential (a) and osmotic plus matric

potential (b) of Luzula confusa during the-su@mer
of 1974
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The sénhnnal“nuttorn'Qf'loaf”ocmotic nlus matric
notohtial (¥1V 18B) followved tnzt of ¥, and turpor roten-

£141 (tho muoroncc- between curves A and B in Fir 18)
® reriined fairly conytunt at apnruximutnly 6 birg.

g
N

In the labgoratory, wicen vlants were watered on a
regular basis (L.e. every 3 days), leaf water sokentind of
Luzula wae aoproximately =4 bars for mnet of the crowing

period, _Thé lowefJV and ('fy +% ) values recorded in the .

‘chfjn" in tnv Ilvld (i~ 18), did not occur in the l-abora-

tory ('1v 10) This 1nd1cJtos that 1t wue the field

: envnronmnntal cond1t10nf‘ rathor than a chnracteréstic of

. the plant Hnrin¢ e]on“nti§;ﬂ_that wae recroncible for tie
denroessed flﬂ]ﬂ VWIUNN. Vﬁnﬁer Hﬁth field and laboratory
condjtjnn (?% +?}) v11uor decreased after t.e onget of
le back (on Iuly ’6 “Lv 18 and Pay 41; “ir 19). It is
phnu"ht th»t LLif de;ronqlon resulted from a alyaer wrovor-

= tlon of the c@ll conguitunnto beecomine gnhluble for transg-

flOCutlon'ln pquﬂratlonﬁf%r dormﬁncy.
’_,) W ‘ ' » :
Daily B \\; . i
. . oy

On d da11y bqus, Luzu:a exhibited severe water deficit

5(;.3. ?;4:1 bar)” “on only ope occas sion (July 27, 1974) during
“the ﬁhrco»years stuq;ed. Incominzuradiationvon tais day ..

reached thé'hivhesf'VAluo recordc” (1.15 cal cmn -2 nin -1) and.

¥ b . .
‘the 5 nrevious days had bqnn ?rev*of eitner precinitation or

for (Fiﬁrll, p h6). - : ' ' =

ke .
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and 10 daily.




In the carly morning (049) hr), transviration ntarted
to increare (Fir 20C) in rusﬁonne to increasing radiant
heat load on the rurface, but at 0300 hr, there war; ;
dramatic rednction in the ratc. This decrease in trang-
piration could not be related Lo leaf teaverature, air v
humidity or the radiant heat load, Tt avneare that trang-
piration exceocded water uptake by the rootn rvsu]tjn@ in
increasced leaf water deficit and stomatal closure, Water .
and turgor wotentiale (Firs 20A and 20R recpectively) were ‘\(j;
both low at the sume tine, Leaf resictance (Fisr 20D)

4
increaged substantially indicatinre a dramatic reduction

in stomatal anerature. The droo in turﬁor,‘m

and tfans—

piration awncars to sten from the inAbility of the vlant

to draw water from cold coils.  Soil tcﬂncrature (-5 cm)

at 0890 hr was only 4°C but hnd incromsed to 10°C by 1200

hr. A gsecond reductibn in leaf water pofontial, turrog

and transnirwtion\accomwaniéd by an increage ;n leaf regigt-
S o

ance occurred at 1200 nr, Thio socond_rcduction arvears

to be more related to tne stecen vavsur nro~surv gradient

from leaf to atrosnhere thﬁt caused the increase in wuter

defi“it In the leaf tissue. Vanour nrecsure sradient from

leaf to atmosvhere had increased from 3.0 mb’at 0. 0 hp

to C.u nb at 1200 hr. The gecond reduction in transviration

avpears to be comparable to the "mid-dav derression" of
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Figure 20, Leaf water potential (a), turgor potential (b), trans-
piration (leaf area basis) (c), and leaf resistance to
water flux (d) of Luzula confusa during July 27, 1974,
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trangniration remorted by Gg%;EﬁTTgGS) for mecophytic plantg

and Courtin (1968) for alpine gvecies.

1

/~3; Aurust 2y 1974, when incomine radiation was moderately
hirsh

2 ain” at solar moon), Luzula did not

0.95 cal cm”
anprar to be limited by wutervnt any tine ‘durin- the day.
Loaf &atos‘popontial (Pig‘PIA) did not drqp be]ow -10 bars
at any time durin~ the mcnuur@hont veriod, ;ﬁd the minimum
turpor pofcntial rvﬁjzﬁd was myroximately 2.5 bars (Fig 21B).
The}e.was however, a reduction in transniration rate af
1409 hr (Fig 21C) but this anpears to be moré influenced by
changes in environmental conditions than an increase in leaf
resistance (Vig 21D, Table 17). Leaft reéistance did increagse
when transviration decrearncd, but this is vrobably an arti-
~fact in the data since talculations of leaf resisgance are
hirhly denend - nt unon transpiration measurcments (gee Equation
5). The maximum leaf resistance of Luzula during Aupgust 2-3
wag substantially less than on July 27 when water aﬁd turror’
rotential measurements indicated that the plant yaé experi-
encine severe water deficit. |

On aays with substaﬁtial'@loud cover, water and tur?op
potentials werc consistent and high while trangniration
was low. On such days, leaf resistance was normilly less

than 2 sec cm™! throughout the day.
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Figure 21. Leaf water potential (a), turgor, potential (b), trans-
piration (leaf area basis) (c), and leaf resistance to
water flux (d) of Luzula confusa during August 2 and
3, 1974, '
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Table 17. f“nvironasntql conditione nd plant res onse during
g2 reduction in transriration on August 2, 1974.

R - TIHE

FACTOR 1200 1400 1600
InCOminngadimtjon
(cal cm min'l) - 0.95 0.87 1.970
Net Radiatign ) _ » . o
(cal cm™ mih'l : 0.40 0.32 0.43
Leaf Temnerature °C 10.6 7.8 o 9.6
Air Temperature °C 5.0 3.7 4.9 )
Vapour Presgura Cradient . . :
(leaf to air) (mb) b o1y 2.6 4.1
Transpiration ) . . . ‘
(g m°2 nr71) 66 15 53
Leaf Resistgnce ' .
(scc em™1) 1.6 o5 1,9

The‘minimum.leaf resistance éf Luzula calculated from tue
ener@y budget comronents (0.5-1.0 scc cm-l) was comrarable
with that of plqnt;'grOWinx;in moist environsents in both
alpine (0.6 -~ 1,4 gec cm"l; Fhleringer and “iller 197%) and

arctic (1 - §‘scc cm"l; Stoner énd“Miller'197F) areas.,

»

n

Physiofosical response to water deficit

Laboratory étudies on‘thé resnonsge. of Luzula to water
deficit showed é shift with pﬁenologicul stare (Fig 22). For
all water poteptials, the plant maintained a greater amount -
of wafer in jts tissue late iﬁ the season (Fig 22B) tuan in

. a
the early vart (Fig 22A). There was also a significantly
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freater reduction in turpgor with decreasins relative waler
content in plants at the end of the rrowine seacon than
tho:e‘atfthe berpinnine (Fs test of fegression lines p 0.05;
Sokal and Roﬁlf 1669). This appear? to be a mechanism that
allows. the nlant t6 survive late seasnn drourats and

\/

Mmaintain sufficient water in its tisTue'tp allow trans-
locationlef materials out of the -leaf as it begins sencscence.
There was also %;il”nlflCdntly greater reduction in V + 93
with decre easing relalive water content at the end versus
beginning of the growin}‘seaégr. Thls‘lb likely a responce

to oeneec:ence (greater soluble materla] rresent) and results
in the maintenance of hi-her water content (oemororulation).

v

. The dlflcrence in cell wall nronextlec (eliet1c1ty)
e

between the two phenological 7farc° (28 bar %TVC 1 early

! late) also indicates that the plants

versus 48 bar %RNC
had a more sensitive control of water content at the end of
the seasdn than at the beﬁinninﬁ. Both valuee of e)10t1CLtj
fall w1th1n the ranpe of elasticities for arctic graminoids

at Barrow, Alagka (recalculated from Johnson and Caldwell

1976).
3
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CONCI.USIONS

Yater did not appear to be a limiting factor for yplant

~survival on King Christian Island during the summers of

1973-75. This was rrobably because of high atmosnheric
humidity (VPD< 0.5 mb)bthat maintained a low transoiration
rate and vermitted & very shallov soil to leaf waier noten-
tial gradient (2.3 bars) to be adequate to sunply the plant
with water. The éveragc leaf Wator”notential of Luzula was

-5 bars and there yerc about 45 bars of turgor.

On the rarc occasions when leaf vater deficit was
critical, (i.e.% < 1 bar), traneviration rates werc preqtly

reduced owing to the increasc in leaf resistznce from the

normal 1 sec cn™! to 8 - 11 sec cm™ V. On‘only one day did

the leaf resistance reach this level. .

)

Lﬁzula appeared to be better able to resist water
deficit at the end of the -growing season thsn at tue bepgin-
. .
ning, owing to the lower elasticity of the cell walls that

resulted in a nore sensitive control of water flux.
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- PHOTOéYYTHES{Q AND RUSPIRATION

o
A

INTRODUCT 101

The way in which arctic plants are ohyciolo<ically
o
adapted to and cortrolled by the enviro.a-zent nas b-en under
some Lime (Bliss 1962, 7urren "ilson 10€6,

oney 1968, PQ}S

n recently tha

digcussion [

> 1971, -Savile 1972), but

2

)

R111ings and Y

in gitu measuremcnts of

—

it has only be

ls and resivriration in arctic rerions have been
ossible (Shvetsova and Vbznessenskii<107l,l?ayogg al.
1975, 1976, Tieszen 1973). It has onlv been tnis recont
field work tnat haslpermitﬁed the testin-~ of the many
ideas derived in the laboratory. , ’

! - ‘ ‘ | s

S
In this study, net photosynthesis was usge: an
i 3 ' N

.

a

n

<

indication of plant metabolicm in order to evaluate the
influence of extrinsic (environmental) and’inﬁrins;
(phenolorical) ractors on nlant errowth and survival.. The
svecific aims of this vortion of the wor: weré:']) to

deteruwiie the inf{luence of temnerature, lignt an soil

drying on net vhotosynthetic rate of Lurzula confu-a and

2) to determine what influence vrlant factors such as leaf

age or naenological stage have on net rhotosynthesis.,



104

METHODS ALD MATHRIALS
Rl

e T
Field Studies

\
Het assimilation rate (NAR), the cifference between
. ) . . \
rlant shotosynthegsis and resniration,; v g dete 1nnd under

Tew

ficld conditions. Individual tillers of Lurula were encloscd
in cylindrical cuvettes ("late €) that were nrart of.an ovon
cuvette-iis analyecis system (Se tak et al. 1971). 17The
design of the rag flow systen followed those of»van Zinderen
Rakizer (1074) and JHartgerink (1)7%) Fiz 23), Two cuvettes
were used on a t:.e sharing basis and carbon dioxide flux
from air to nlant was measured differentiai]y with a Bec<man
Model 865 Infra-red Gas Analyser (IRGA). Qhe outgput of the
IRGA was recorded on a 26b-channel : Aoncy ell Potc%tloqotzle\
Recorder and was broportional to the clffcr ‘nce in EOE con-
centration of” air ”a““lnﬁ throurh the cuvette and that which
did not (Sample -~ Refrrence, f@g 23}. Full scale on the
recorder repregsented a diffcrence of 50 pp; 002 between the
sample and referenco cells in the IRG Calibratlion was .
carrloo out every 8 hr using air from 2 cylinders with known
COZ concentrationg (Consumers Svecialty Gas, Inc.). The
_Concentration of CO2 in the gas cylinders @ad been previously
determined with the IRGA by comparison with the known oufput
from a ras mixing syséeg (¥osthoff, Inc.). Dark respiration
within each cuvette was neasured occasionally after light

-

vas. excluded by an aluminun cover,

-
\
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Plate 6. Cuvettes used for single tillers of Luzula
’ confusa in both field and laboratory gas .
exchange studies.
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Figure 23. Open gaé flow system used.in both the field

and laboratory.
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Forer survly o the inctrumentllm was a 2990 W eag

-t

P o W
vowered renerator (Onen pr Homelile) and the volt - and
freaurncy weic joent constant (119 VAC ¢ 60 Hz) by varying
a "duwgay" load of two 250 W Tisht® bulbs.  The penorator wae
. | :

kevt downwind of the air intake of thg‘air rlov gooten at

. - ) R
all thimegs, _ s

'.'.I‘h(') jns;‘trm:u-m:: vera house? in A healted Lont and rere
: EnuuTated vty “ldspichionm in orler to naintain otiaum
overatinge temperatures.
. ’ ]
Leaf and iy temmerature both ingide and outside ot Lo
“ .
cuvetle were monitored continuously with the recorder t..at
was, 5nn?nuow wfth nniﬁluctronic rwfnrnﬁcw iunction for
conrver-conslantan thdrnucowpleé. 1nturha7 cuvette tomnera-
turas were el g close ag roas5ible Lo anbient (O-SOC‘sunny
and 0-2°¢ Cloudyﬁconditionﬂ) by adjustins the flow rate
throuch thd cuvecte,  Control »f flow rate was accourliched
b&_sunulyiuf tiae intake numﬁ (Rocinrotor, Inc.) with differ- ot
‘Lyp]taées {rom d nower trnnsformcr.‘ Flow rates turou-h cacn
cicuveitp"worc tyrically betwecn 99 and 159 ml min‘] depending
unncn bdth Lhe.hoatjload requirigﬁ dissioaltion and the rate

~ of &as exdhanﬁe by- the plant.

Photosynthetically active radiation (PAR; 400-700 nm)
‘was monitoMed continuously with a Lambda‘ﬁuantdm Sensor

connected Lo the recorder. Comronents of the radiation
v
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repsime were also monitored on the recorder usineg the aersors
dencribed above (sec C]imutblory and Vicroc]imutu]0~y ha 19
and Eénrny Budrets p 49).  Soil wat“f notential and water
content (zee Soils p 66), leaf water rotential and comronent s
(see “ater Relations p 83), and evap&rntion and trynm"irafion
(sce Fnergy }%ud/%ets; P 49) were measured at reenlar intervals
while net assinilatlion moanurumunté were in onro-crosc,

At the end of the mo .suresent perioé, enclosed tillersg
qeré harvested, dried ot 80°C for 2 hr and weiched.  Calcu-
Lationss of net assinilalion rate’ AR in we 0, 57 ne”)

werce carried out followings Fauati:n 11,

Cuv - Anmb 2« 0

TsT7TC T, E 60,

NAR = — EENGRD
W ,

where Cuv is the scale readins on the recorder waen the 1.6A
has air from the cuvette in tho‘camnlo cell and awbicut ;ir
in the réference cell; Amb, the scnle reading when tiae LacA
hag anbient air flowins taraurh boln celle; 5, tue difference

in scale units between tune IRGA readin - wvinen the sooae ctand-

ard pas is flowing tiuroush both colls and taat whoen enach
<Ly otomas 1s flowinge throurh one cell; C, the irference

0 o oucentration between the two standord cases (pom);

' 1 1

Z, lhe conversion frowm prm to me €0, g oml” (uu'10f6/32.41h

mg CO m1~! ppm-l); T°, standard tenperature (272.16 OK);

b4
T1, leafl temnnyaturc (OK); F, flov rate (ml min“); Gy

§

,conversion {rom minute: to hours and, W], dry.,veirht of the
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tiller (p). The potential error involved in the detersin-
ation of absnlute NWAR meqacurcasnts wae anvrosiaately 167
mqiqjy ovin: to ﬁoasjb]c errors In flow meler and ntundhrd'
rag coneentration calibration,  Xerroducibi'ity on Lhe

other nand, huad o possible error of less than 6.

-

Laboratory Studies (/
o "

ko

-

The sane ﬁcs’ﬁnulyuiu cyaslon mnd cuvetlos toat wore
used in #he feld were aloo onlayed Lo cetorq e het

= 4
assimiltion ratay of Tazula under ~elocl-) cvicoe oL
conditions in the laboratory. All plants were grown under
standard ﬂnvifonwuntul condition: as described above (Mater
Relations v 53) and transferred to taoe Mexrerimentalt
envivonuental growth chwmhvr whore Tioat dnt-ncity and
temuérqture conld be maninuTnﬁad. n a1l oveericonts, Pak
and leaf and air temperatures werc wonitorc i, Adr sunely
for the flow syutonlvunx‘from tne central alr-conaitioning
systeﬁ ﬂnﬂ‘tWO 19 1 mixing bottles were employed in an
attemt to obtain stable €O, leveln in ambient air. In
both.ldburatory an  fleld studies, it was not-noscible Lo
either control or meagsure atmosnhnrip humidity in tne
cuvetie with thé instrumont&tion avai]gbler

v

Effect of Lirht and Temwerature

Pairs of Tuzula confuna vlants, eaci with one tiller

enclosed in a cuvette, were placed in the

1
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provth chgber wnere they ware siven a 2 hr reriod under

cach oeondition ¢  1ieht and temperature (Table 18),

The seaquencp. th o conditions were precented wag seloctoed
in order to wmin s after-effects of exposare to hirh or
low temoerature: vhotosynthesis. An eguilibration time

of aboul 19 win was riven before each readines and two e -
mente of cach tiller were avera ed Lo yield tiller NAR:
Measurements of 10 to 15 ti'lers wore ta“en under each pair

.ol conditlong.

Table 13. Order of temoerature and 1irht conditiong dar.ne

net agclailatinn stuldicrs,

‘L <
. 1 A
TEMPLRATURE (9C)
0 5 10 15 20 25
- . 8 12 16 20
g 150 31 1 5 9 13 17
] - L
ol 350 32 2 G =10 o 18
gjm w - . ) ‘ ] -
Mo 250 33 3 7 M 15 19
E‘,’ E ! it . * “ ) N ~ . '
CHow o 990 - 21 - 23 25 27 29 -
G4 . :
= 1300 L% 7 oo 2 26, 28 - 3

S ** Valuceg not‘obthinablo

The desired lonf'tomncruturc iy achicved by
adjustinn both the temrerature in the érowth

- e
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'chaﬁbcr and the flow rate throurh the cuvelte, The lowe:st
four lirht intennities éero obtained by varvine bolh thoe
nuumber of lichts burnine in the prowth chaaber (external
controls) and distance between plant and lirht bank. For
hirher 14rnt intenuitiun (i.. 700 and 1290 uw m=e scc-I,
.PAR), rrowth ‘chamber Tirhts were sunmlemented by a 1070 W

‘.
) b

Tungsten=filamont bulb comnlete with water Jacket.
Effect of Dryinr

Four plants were grown for 20 days under standard
condifions (sce Mater Relations » 83) and wvatercd on a
rerular bacis (every 3 days). At the end of this veriod,
they were transfcrrcd Lo the prowth Chambur vaere Lhey were
riven conatant tomnnraturﬂ'and jiﬂhtvcnnditionn (10°C and
550 uk m—a soc-1 PAR) and watcfinv was ﬁtopnod. Relative
humidity in the chanber was nbout!607. ch a;SimilQLiaﬁ of
onc>ti110r from each plnmf w:nswoasured daily for 15 days.
The gane tiller was uscd throu hout tie dryine neriod and
was enclosed In the cuvelte only for the tine period'rbqyiroﬁ_
to measure NAR (i.e. 1 hr; 30'min cquilibration and 30 win
measurcment). At the same time as MAR was ieagurced, water
potenf&al and its comudnénts were also determined (sce Wétcfi

Relations p 83) for another tiller. It was assumed that all

tillers of one rlant had the same AR and water potential.

) : f.\
. 3
i . >
. "\



Effect of Phenolosy

Net assimilation rates of various  nofi=flowering tillers
from a sinrle Luzul:n p]antiwnro meanurnd continuously for a
24 hr period under staﬁdard conditions (sce Water Helitions
p 83) at selected ttmes durine thé rroving period. The
Limes represented four nlant vhennlorical ;faﬁHS'including
preflowerins, anthenis, rostflowering and'diebuck. The TR
was calibrated both before and after the 24 hr mecasuremnent

period and zcro was checked hourly.s -
1 V‘\‘ LR AR N Al Al -I
RESULTS Vb IsCUSSTON

Field Studies -

Net ascimilation of Luzula c¢onfusa on a dﬁy with modéf—)
ate fo high incoming radiation (July 24, 1975; Rig 24)
appeared to follow both tempor-ture and lisrht intensity
throuﬂhgut the 24 hr arctic day. The gencerality thit maxim&m
net thtOUynthétic rates of.arctic plants are obtained necar
solar noon and‘minima near solar midni~ht (Tiesgen and

¥ieland 1974) awnpeared to hold, but CO, untake was most

2
strongly couvnled to leaf teimnerature ratier than lir~nt
intensity qc observed for other arctic nlnﬁts (Tieszen 1673,
>ShvetSOVa and Voznesscnskii 1Q71). Durin- thé ”niéht" hours,
Luiulﬁloftun had vogsitive net éssimilaLion. ”The-abﬁlity to

show vositive net phbﬁosynthesis throurhout the 24 hr arctic
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Figure 24, Net assimilation rate of Luzula confusa and

environmental conditions dhring July 24, 1975,
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day anpears to be a coamon characteristic of arctic plants

(Mayo et al. 1973, 1976, Tieszen 1973) and Lurula confusa

was no exception (Fig 24).

With the onset of dicbaclk in the field, net
asasimilation rates drooped dramatically. Tynical mid-day
net photosynthetic rates ranred from 10 to 1% mr C02 g_Ihr_

during much of the growing period but dronped to betwoen 2 .

1

and 5 nr CO? g~1 hrT ‘with the onset of scnescencc. The

reduction was not a result of increased resviration since
there was also a slight drop in dork respiration (Table 19).
The recductions in both net vhotosynthesis and dark ressira-

tion therefore avpear to represent a general slowin.” down
of nlant metabolism with scnescence.

3
. : ’ ) !

Table 19. Net assimilation rate of Luzula confusa under

selected envirohmental conditions before (July 25)
and after (August 4) the onsct of senescence. All

4

values are averarfcs of 3 samnles.

DATE LIGHT _, TEMPERATURE - o NAR
: (ME m™¢ sec (°c) - (mg CO, g~ hr™ ")
| , ‘
July 28 27 3.7 | 1437
0 R -2.32
Aug 4 335 3.5 ' 1.7
O { 208 ) 4 : "'1 031

Note: Negative values indicate respiration in the dark.

)

PR
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Tomnorafuve 1pvu-1° to have the preatiost elioct of any
env1ronnfnt11 flCLJF on the net assimilation rate Qf Tuzulan
confusa. Usin=%0 hr of WaR !!‘t‘.’-l{‘.llf‘é'.’h"htf} at the hq{?if?ht of
~the growvines geanon (July 23 to 26, 1975), it waG '}und that
there was a si'nificant correlation between the JOanlthm
(base 10) of leal temmerature (°C) and AR (mg COETF_:-'1 hr—1)
~above a threshold temrerature of 3 °¢ (r = 0.93; p<£0.01;

Sokal and Roh]lf 1969, p 509)., 4 sifniricunf anwﬁnt of the
varinbllity in‘NiR Was accounted for by the refression of

NAR on loplo temnorlture (NAR = -9.1044 + 21.0152 (IOH]O T);
P<0.001; Sokal and Nohlf 1969, 420). Below 3 OC, nap

. was not siﬁnificantly corrclated with leaf tnmnerqture.

Sﬁpcc low leaf temwmcratures during the erowing scnson are
almost always associated with low 17 'nt levels, it wasg

expected that lirht micht be limlth" at thore times, Ti=ht
intensity (UE ™2 gec™! PAR) wan sipnificantly correintedz

with KAR (r = 0.96; p<0.01) below 3 °¢ ang the lincar re-
greésion of'NAR bn light intengity acéounted ibr a Qlﬁnlflcant‘
amounf of the variability in NAR (NiR = -1,018 + 0. 0119 (lith)
P<0.001). A more convlete explandtion of the fielg response

is pres entod below (see Laboratory Studieg; Effect of Lirht

and Temperature p 124,

hc influence of the fleld moizture replme on net assim-
ilation rate was not explored. The ranfes of soil and leaf
water potentialg were very narrow and it was not onossible to

observe any effect of moisture on VAR In addition, a
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significant amount of the variability of NAR was actounted

for by lirht and temperaturé alone.
° : \

~-An empirical model was constructed using the two

&

re;romsinna deceribed abave.  The odel used AR recressed

on log temperature above 5OC.and NAR rogresséd oh 1i-ht éelou
39C. £ test of 1o wdel was carried out ucvn" FAR, leaf
temvernﬁure and wnﬁLOS'ntlvtlcllly active raiiatisn neacure-
m'nth from a day witn moderataly nirh hncoming radiation
(July‘28, 1975%). The data fron this day were not used in
tnhe recression analyses. Althou~h there were some diifer-
cnces betweoen the wvrelicted and Lhe measured valued of NAR,
o”ﬂ001a11y at low lignt and tﬁmnerataﬂa (Fig 25), t:@ arree~

nent wa:i ouite close and txP nodel rredictec a daily averagc

NAR with'n 1 ng CO, g_1 np! ok the seasuared averaye (6.9 ng

CO2 g-] hr_1)., Wndcr ClOU‘Y condltlon (Aug 1, 1975 ) the'
differsnce botvnon predlctcd and meacured net rhotoe Jntnehis
on a dai?y basis (1.3 vs. 0.9 ng COP g-l ]) vas al-o 1ow.

Laboratory Studies

“ R

o~

Rffect of Light and Temperature

N

Light | | -
N .’\‘

Luzula confusa reépondeq to increasing.light intensity
: [
(Fig 26) like most C3 plants (Hesketh and Moss 1963) and light

saturation anpears to occur weil_below full sunlirht
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(1600 nF m™< sec™ 1y, Buth lieght compencation and - iipht
saturation increased with increa~ing temrerature but the

rate of increase did not arnrear to follow the eqtnbll shed
exponential relationshin (Lieth 1960, Pisek 1960). Hart—

rerinic and Mayo (1976) showed that arctic ‘_yns interrifolia

also <1d not resr ond eXronentially. Luzula confusa nad low

light compensation ard # saturation at low temreratures and
hieh 1light compensation and ¥ gaturation at high tenmveratures
(Table 20). This anooarﬁ to be an adantation of\the plant

to malntaln UOGltlvo net assimilation in an environmnent yhere
leaf temveratures are tightly lin%ed to radiation load (see
Enegﬁy Budpets v 34 5 Addison 1976). This interovretation
coin;ides with llartgerink (1975) for DPryas from Devon Island,

N.%, T, Ll"ht comocnoltlon and saturation of Turula confusa

at 1%00 (180 ft-c and 1,800 ft-c resn@éctively) corresnonded

closely w1th other arctic granln01d (ca. 125 ft-c and 5000

ft-c; Tieszen 1973).

The use of 1 light saturation rather than saturation in
Table 290, stems from tle realization that the ohatooyntletlc
mechanism is never fully saturated. The data in Fie 26

were fit to ®quation 12,
&

NAR =

ax :

" 5'98Egiration (12)

Where a‘and b are constants and x is lirht intensity
(pe m™e sec-}). Half light saturation was determined by cal-

culating maximum NAR, dividins it in half and ricking the
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»

arnroprinte 11t level ofr Fig 26, The use of lirht satur-

atidn however, was maintained for comnarison -urnoses.

Table 20. Light comvensation and 1 saturation of Tarzuln
v EER T REA)
confura under laboratory conditicne. Values are

estinates fron Tip 26.

TEVAP‘;\’ ATV covpry \’IA‘I' 1 50UV Ii.‘
°c 7 nE m sec” ft-c* pe 6™ see”! fr-ct
0 N 20 - 120 - 120 720
5 B 22 132 110 | 660
.10 25 150 260 15¢0
15 0 180 350 2100
20 140 240 560 3560
25 a 60 - 26N - . 780 468
€0 ft-c / u= m-g sec™! (Hartcerink 1379)
Temverature

The oﬁtimum temrerature of MAR for Tuzula confusa (15°
to 20°C) agrees well with that exhibited by other arctic
plants (Tieszen 1973, Hartgerink 1975, Tieszen and “ielsnd
i975). Optimum temperature arpeared to shift with lirht
intensity (Fig 27): Since liéht intensity was normally low
on King Christian Island orine to hirh incidence af cloud énd
for (see Climatology p 28 ), under most field conditiong the
optimum leaf temrerature for net vhotosyntiiesis would be
approximately 15 °C. In the field hoviever, leaf temneratufes

were normally about 5 to 8 °C and hence there vis a strong
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dependeénce of net assimilation on 1oaf temperatnre as chown
mreviously (Field Studles porIS) e 1t chould be noted that

the shitt in ontlimun Lermerature was n liysht resroanse and

did not renrcsent acelimation of the plant to ditfevent thermal
and radiation recimes y U nrocess which ay also occeur (3417 NS

et al. 1071),

Maximua'net -hotouynthetic rate of Luzula eonfusa (20

(3

CO2 g~1'hr_1 or 19.% mrr C02 dm-2 hf—l) vas comrarable
with “mort other arctlic eraminaide (10 to 29 € am™" hr-];
Tiegzmen 1073%), Consdiderine 15 ¢ as ontiman ]ﬁnf temerature

A . )
for net nhotonyntHOSLsfin the field, the maximun not assinil -

ation rate wou'd be absut 1%.7 mCo., r-] hr~1
: 'S

or 15.2 mg CO |
. “.
-2 -1 . ‘ . . .

dn “ hr 'y This is almost the aidev int of the rang o of -
maxima of arctie and alvine graminoids (Micaren and YWieland
975) .

Dark resnliration of Tuzula was hirh at all tomperatures
(Table 21) and was hirher than other arctic praninsida

(T"ieszen 1973), The rate hochnr, ¥as lower tinan several

otuar arctlic. and a]nano vlant:s gsuch as Cry thhnmUUn isidiflo-

———————— o ——

(M;;;EV\akﬂ// 19Gh), Dryns interrligjia (Hart rerink

107 ) and ”hn]ictrnn a2l vinum (Mooney and Jonnson 19CH) .
ih:‘ .
Dark n0°n11atiwn normx]]y increases exﬁnnontiulfy’with tem-

porature (LlPLhCP IQCQ)Vand Lurula (table 1) ap‘eared to

follow this trund. The:temneratuxe rqn;e chw sen for labora-
tory studLos vas ba(od on ficld measurcments of Yeaf tempera-

ture and de not o hirh ecnourh to confirm the exronential
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response. A 010 for darh recpiration was 2.1 _(‘;o - 15 OC)
mﬁ:’ was comparable with both other arctic srecies (1.5 =~
5.0; Semikhatova and Shuktina 1973, Lewis and C:hdllachan 1974)

and other plinta in pgeneral (2 = 3: Forward 19360).

Table 21. Darik resviration and maximum net rhotoryntleris

mean and %45 conlidence 1imitn).‘ —
R ' v '

of Twrula confura under ITaboratory condition. (

A \ 1
TEMPURATURE  DANK HESPIGATION  HARENL: LET VHOTO YR ST 8 <
¢ gy €O, 2ol me; CQR,H-] hr! L
o 0.97 L 0,75 SRR R N
5 12t 0.7 9.07 ¥ 3.14
10. 1.98 X 0,77 14467 2 0466
15" 2.9% ¥ 0.89 17.97 ¥ 2012
20 5.28 1 1.2 o 19.88 T 1.86) “
24 L 3.90 % 2 T 1933t

- ot Y e g+ s st

The hi:h rate of rnénirntion of Lurula confusa may be
of imrortance in malntainines hir~h net uswimiiurion.ratob at
low temperaturoes. erh PGSpifation would reratt ra-dd cin-
colution and translocatlion of vhotosynthate and reduce the
“ poltential for inhibition ol NAR by ehd-uroﬁubt accumulatlion
(Warren viilson 1966). Moonvy and Billin s (1961) sugrested

-

that hirh respiration rates of arctic mlants may helwn theu
; -

¥

to develoon more ranidly in cold environments. Althoush hirh
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resplration rate i conrom to arctic vlants, it has yet to
—F . .
be demonctrated why the increac d rate 1o of value to these
plants (BL1iugs 1974). _ ‘

Combined Tirht and Temoorature

and teomerature ¢on net

The coubined oftects of 1is-h
assinilalion rate deterwmined in the Taloratary aided in the

intervretation of rield response of Luﬁulg conthea. At low

!

N s : N =D - , : ’
Lipht intencity (Qi}. 190 ul m “ gec 1 ) and low temeerature

- (ea. 2 oC), an increase of 0,2 OC,yieldcd only-a 1.4 rige /
in NAk.. A fo7 incrcﬂﬁu in, Tipgal fintensity on the olhier uand,

resulbfd in an dncreace of 4,29 in NAR. This indicates that

£ . -
al these low livbt angd temveratnre.levels, Ao v wucn woloe.
sensitive to ligsht cﬂ{nku and hence, tae sioniificant corre-

lation of NAR and 1irht shown in the Pield StudTos (p 11%),

At hlpher 1ight dntenaity, tegtnerature was of prontor impor-
tance because of the low 1irht saturation of the plant, and
the roles of lirht and temverature wore roveraed, ' C

P

[

»

Bffoct of hryipg

Water did not avpear to bhe of major oirnificance as a

controlling. factor for Turula contusa metabolism on King

- Christian Island during the 3 year study veriod (see Water
, Relations p 102). Both tbavreSponsb of water'notenhinl and '
ite égi:;ncnts to dry;%m (sée Water Relutions‘p 100) and the
>

respongse of net /ssimilafinn'rnte to dryiqg (Fig 28)Iindicnte§'“
; o | -
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Figure 28. Net aséimilation rabe of Lug la_cefifusa versus leaf
water potential unden\ laboratory conditions. The
line was determined thxough regression analysis.



that drouphl stress must indeed be rare since "Tuzula, which

Erows oVor much uﬁAthe coastal band of King Christian Island,

: wuq\vory inlolerant owantcr deficit. The respongse of net
assimilation to wal.r notnntiui (Fip 28) corresponded to ;
that of qlpine'piahtp (Johnson et al. 1974) and increased
linearly with increasing water vtential (NAR = 29.85 + 3.60 .
p <.001). Net assimilation rate dropved off dramatically as

iwator potential decreascd and was legs than 254 of maxiimum

at’ -7 bars. This reduction was similar to t.at of Calamarro:s-

tis breweri (K1ikoff 19695) but wmuch rreater than Carex cxorta

(Klikoff 1909), Dryas intcprifolia (Hartgerink and “ayo 1976), -

Kobresia myosuroides, Geum rossii and Deschamvsia cacrnitasa

——

T

(Johngon et al. 1974). - The latter grecies-however, arc native
kv-_— — . . ’

P

to more xerilc environmentz than is Tuzula confunmn.
Effect of “henolopy

. Phenolorical stage was shown Lo have a .qgreat imoact on

. nat assimilntéﬁn of Imrzula confusn, Maylmum NAR ran@od from
16 0z €O, g7 hr™! (540 pE ™2 see™! @ 10 °C) at anthesis to .
5 mp CO2 gf] hf;1 duging sehescenco (Fig 29). The trend in
NAR w;s ib increage to a maximum at anthesis and pradually
'décroané as the plant avproached<dormancy. The lbwer‘values
of preflowering NAR (Fip 29) were likely a rééult of hi@hcf
feSniration futcs during ?réwth (Hadlcy,and Blins 107q,ABli§s
1966, Tieszen and Wielanh 1974).1 Reduced nontrlowering NAR

on the other hand, appearedlto represent a general slowins
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Figurd 29. -Net assimilation rate of Juzula c
L four phenological stages in the laboratory;

(a) preflpwering, (b) anthesis, (e) postflowering

3

and (d) -dieback. - | » .
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covn ol rlant meta oliam wilh sonoscenoe A ocedn i the
field (sce ¥ield Studics n 114 . This. slowine down of both

rivtosvnthetic and resniratian rates with the onset of dor-

“mancy b alco ’.\woon chovn for ﬂr‘;/:m' inteerilf lia from ) "
Devon IzTand, WL Eﬁurtferinﬁ‘1075l ngjé leaves ro-.ched
flil 1 vhotosynthelic canae it.Sk\<}111‘§' at tue: besinninT of tuooe
second year of loeaf ) i_t'o.;(Ii:nxt\;m:i.‘n'i 1uvy) .-'mr.!n!'(,-qu'i.l'._(:d a
much lonecer time to maturoe thun didiTu;u1n. The dimportance
ol rarid uaturation of "graminoid leaves (maxinum net rholo-
synthel Le fnte)_hws bben‘omnhasized b} the'sfmu}ngion

S
studies of iller and Ticuzen (1972) which showed a\ﬁbuglinn

of annual bionaas production if 1cafl areca war doubled in the

snring.,

Simulation Studies
' ! ) i
An bhhil‘,ical, ..'uodol wvaas developed -to tr;y to cs:tim&tc net
vhotosynthetic rate and annunl hionass wroduction of Luzula
confuea in- the ficld. Lea@itemgérdture, li;nt intbnﬁity
(PAR) and water votential wéré‘uséd as in wut paranctors
since ueasuremnntsiﬂerc available for an entirpe growinf
season (July aédvAgﬁust; 1973)}5 The strucfﬁ?g’of'tngimodel
was based on relatiénshins between net assimilation r..c and
%liﬁht,ltemperutﬁre ahd'waten potqntial that had been esta-

blishéd under laboratory conditions.

A log —]ox'nlot_of NAR versus liﬁht intensity was

linear at all temﬂeratures_(o - 25 oC) and was described by



predictcdvand meagured values can be accounted Ior by the
variability amohg  individual rlants and the fact that
phenologsy was not tuken into considerati n wﬁon the resfonse
'of net photosynthésis to 1irht, temerature and water wefc
delermined.  The MOdei.Lhereforc, arvearcd to bg cayvable of
estinatine & AR of.an "averace'" Luzul:a rlant in the labornﬂofy.
In the field, the model based on lahoratory resronses
wﬁs not as effective as in the 1aboratorv and the liifference
stween moa\uréd and n10dictcd net ohotosynthetic rates vere
bstantial (Flg 31). The model overestiaate d AR at low
light and tcmneratutc,’and‘u1derestimatod AR at.hich lirht\
and.temneratufe. The régg;;B;or‘doscrenanqies betﬂoen nre -
dicted and m&asured°va1uQS'is not'known but, it is thouﬂht
that the laboratory nl°nts 1ay iiave dCLll””tOQ to the 10
~light intenszities under WULCh they were grown in tioe environ-
‘mental growth charbers (see Water Relations D %3)., This
might account for thp hlﬁher MAR .t low lipat and lower NAR

K]

at h]phcr light as comnared with LlOld nlqnth' Th@‘ablllty
: .

of arctlc‘ahd,alpinc plants to acclimate to growing conditions

~1is well known (Mooney and "est 1964,Qﬁi11i ngs et al. 1971).

-

The lowver tﬁan vredicted MAR of fle]d nlants may alho be E!
esult of* cold 011 Lenreratnre,. £Low ¢0il temworature hag .

been shown to séverely reduce nlant Frowth in beans (ﬁrouwer

1964) and corn (Klelnendorot and Brouwer 1970) as well as |

71n arctlc qnd alpinc plants (Bllss 1966b Bell 1975). The

empirical natufe of ;the model made it alwost impossible to us 5e
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-Figure 31. Comparison of net asgimilation rate predicted
using the laboratory model and field conditions
~«nd that measured underr field conditions.

~



1t excent under the narrow ranfe of yplant and cnvironmental
conditions under which it was derived. This was illustrated
by the roor wredictive camabilities of the lahoratory mudel

under field conditions.

The model of net assimilation based on SiﬂﬂlGWYaCtor
analysis and derived irom field duta, anveared to be fairly

. . . ) .
accurate (sce Field Studics p 117) and was used to ovredict

the rhotosynthetic cavabilities of Luz ula confusa in Lhe
King Christian IsMagnd Environment. Althourn it was not *
possible to calculate production of Tuzula because live )

standing crow was ﬁoﬁ measured throurhout the géason, I'igp 32
shows that the potential for net vhotosyn;ne 515 was much
lli;ﬂer in the snring and early sun.ier tuan in the 1ate
l’SUmmer and fall. This illustrates tie lmuortan_ of iummedi-
ate initiation of growth in the syring that is characteristic

of Tuzula. The model of Miller and

~

'ieszen (1272) also showed

that early svring initiation of rFrovth would dramatically

increase the vroductivity of Durontin fischeri in the wet
- . -

coas€zl meadows at Barrow, Aldslin.
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Figure 32. Potential net photosynthetic ..ate (field model)
based on actual ficld conditiongs during Lthe
summer of 1973,
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Lnothe Sverdrun Sroirmy, but dts dmvortance to man far oNCOCas
’ - R )
S - . o S : .
TG relative sivoe, They reason o Lals lies bolow thoe

anboand i carcoun tine gcean in ita roescrves of natural oo,

ki\.“.
. ‘ L]

MHeTOr LG rirel gisce werdan of natural ae in the Arvctic

v

—

Tolamd o on Kin - chedathitm Tl ad an LONCy cman s beon

A imvortant Gamronent o thic weoavaton rop several vear;..

The Involvoenont of o In thic ecorvatdy (g charactoeriyzoedg-
g »

by his dicturbanee of the nataral svetes toarou b soalid qd

. . AN ‘ '

Tiauid warte | l.\:';.»:"ﬂ, cur e b.] .'I(H.\l"',‘ folas i(c and de FlYling
orerat inng, velicle trackes, and dratred roconstruct bons and
'!.'l‘i;lh'll-'ln(.‘f‘ (HRabh ’ml(i._-“-‘]'i ](>:’1;, Ad 'inon and ‘f‘vj 'lv 1976,
&,] L 211 of L e dizturbumces are local in nature,
reveletat ion :éu;w, be considored both because of voverguoent”
reeulatdons, tne need of .i.ndu;:fr\y to’ ';mpltf:(in intact :.‘\nd

<

/stable Lind surfaced and for aesthetic rensons. .
( . o ] .
e ind and vater crosion asmenr to be very inovortant

factorg in the é:vtuh]_‘ilsl'xmc‘nt of the hichly divsected sur-

°

face featurcg on Kinsg Christicen Teland. Tha o comolex e

At(’)n)!rx‘avhy wt}ms fOl"ﬂO(?‘,: sive  Pise to g‘:x‘:ai.ix‘g'xt..: .L.X).OXpOSlH“O,
avallable ::oi’l water and. soir stability. ,;md imnﬂce, a-variety

" of different aicroenvironacnts, Plant conuunitics, in the
-Polar iSemi-desort aprear to be d'oli:nitv@ byolthmre micro-

environuonts vhoreas in the Polar Desert, no .definito. rlant
. B N ’ © ) -

communities could be discerned owing to the sparse vasqular

'
’ s - !
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e " ~ - L
Plant cover- (<% . The Palar Semi-desert aren (> -
| [ 4
vagcular plant cover) ocours in a band aboult 1hvS Km wide,
1 Kim from the conect. Mhe rent of tle Telamd is 1olar Desert
t

(<27 vavnenlar vlant cokor) .

The climte 'of Cave Abernathy, Kineg Christian 151 -wd
K i ) Cr 1 : N 3 .
In suaner can be clangitiod asonaritime, resuardleas of

whether dce leaves tho oconn to Lhoe novth (Danish Streait)
or not. In 1975, "fce 1eft Danish strait on July 1% and

. | ,\
ortminally, it wan foll tnnt this was rogvonsible for tae

hiph incldenee o7 ror.  1In 1974 howevoer, tce did not leave

~

[

but for frovuency was st 111 hich, Tt coeeng tl‘inl‘ui'ﬂl‘(‘,i'lh'\l
the inxt']u;‘n(‘.gh of wet land surfaces hng be-w undereationted
and that suach nl"“t,lut moiciure rcm"{t.x‘ Lhut fna to loeal o

b inks woer from ‘hi,.‘:“:‘.ﬂlll‘\lt'. The proator cpeeioitat 'iun in
1075 than in in',’.', (B7 ve 30 ma) da taou it 4o have reowlted
fro meater u‘ycﬁun;i(: ;wv;.ivrity with a aore northerly nacition
of the arctic troant, “he g:x‘o:xt.m; froguency in C‘\'(:-lol.x.iv active-

1ty was aloo reflsdcted Incloud cover (8% in 1973 yg 70 in

10'74;," | ] R ' ‘ ¢

Sumaer climate of tLhe Aaran, hazed on tvo yeqows of
oboervationg (1"',’5—7“), W characterized by lov te tneratures
(> 50 . 5 DA am) . e dar- Sl e
(2.57C), low mrivc irdtation (%35 am), moderale wind sheeds
(3.5 m sec Y, hirh relative huwtdity (90 = 9% Y gnd a hi +h
incidence of ¢lond and 1o - (8O e Thoce vilues oo e
closcly with Lh» suw-er cligite (Tuly and jucust) at Tuacheen,
Ellof Winwnea Tl the clogest dersanent weteorola-cical

site.
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(AN

~

Thermal rosime arvoars to dominalt the K in;s Chr Lotionm

Feland enviconwmt,  Sinee alr can hold only very littioe

water vanour at 1ow 'tum;w"r'nlm‘(‘.s and gurface ty alr temrora-

. . e -0
Slure pradient was shallow, evapotiranasnivation was al a
« . N & o . " -
minimum, = Cloy aver however, wag high and thig comul ctoed o

the cyeto by réducing the anount o ~lobal radiat ton recoivoeld

and keening ihoth thermal sradient (surface to atnocuhore)

A

and alr temverature low.

Longpwave radiation rluxes wore the major <7“,\rnnanmx"l.;; ot
.Lh_v surface radiation bal mee and, because of »l.hoix‘ masnitude,
net radiation asvenred to Lo - an excentionally larfse ¢ o=
ent of ;lobad radiation- (68 by to';n‘\urs\t.o ;‘.tf:m(i;u‘ai::. 1lx‘l
]{‘enwr‘;ﬂ, net radiationdive: quite conrpable with otder

. . . ~ : i

arctic siteg, Latont heat rlux was Tow e, n‘v-n‘lly aon
result ot q very ahallow ;:m‘x‘."»u‘c to .‘lt!']u::.i\}‘.tl‘(‘ \‘.':dl:\x' \'.-\.:.n.u'
!-‘.‘l‘_.;u“a‘llt._ l\‘u:;'i;;t;nwu;: to hoth m.fn-:..: ardoeanvective oot
tronsfor wapy Grall because of both the wins sreed And (e
:nvtt.v;,.n'.\lm"iu:xfl.'ly smooth surtace., Fneresy dicetivat jon o vearad
to be contralled Aaainley ‘p.y }\)1\ysgt<":m1-1::‘:t.hm:- tiasn physiolo “jenl
1‘_actm'-:. since vascular rlantg, n\m-v:mc‘_uhw\‘él:mt{:; and bare

6011 all resrvonded to tne radimt neat load in A similoae

I
-,

nanneyr, - - o L

°

Wind arpearato be a mnjor factor that delimits the - -

distribution of tlat,. King Christian Laland . Mol only

iafit imnm't;mtt.::wn avcmerey and mase transfer point of
. . S .
vith asy nenlioned , ot gt Wwoaled be regronnible
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For mechanieal dancce to planta, e imacl or wind veronds

' B N
on sreed, surfaco roun chnoms andg ruticul b load.  The
resudta of abracsion by wind-borne sand and teo varticlos

vare ohoorved aore often in Polar Deg-rt taan tin I'lae Sent -

desert areas. These Ferduren ineluded rollshin s ot expyoaod,

ntoncs, wen1l Blow=outs covonnd w1 At s nnd rocks, deva il ion

A maberial over” nlant o andy abrasion of plant varte oxeoced

\
™

daringe wintor, ”0{‘}1 the oxcansion and contr v tion or the
sl vith cemeinge soil molature and smanual t.vxtm“ip;‘, o
indiented that in ceneraly Polar Serdedesert areqs had
h‘i;"hwt‘ ST and clay corrbonts tha Polar Pocort arens. Mae

mreater incidonce of wind croshan foaduwres in Yol Deoog!
\ .
{

. ' . . "' » 4 .
Lo i Yol seai=Genort apeo anvears too be related !

« O

Purtaco stabilh ity e a0 recnlt of napond walerind,

|

The rrovth torn or 9 NERT L Contin v ve e by b one of

the dvninant olont characteristics Lt aceorunts ror il

success din the al~h aret e environdtent,  Totlh aboverround

and belowsraind varts of lurtla e concentrded noowe the

- e
'

soll=teocnhere  intesface, Since the ayuree or Aent for

botn atwounhore qae Sotl Is bt e eartart,s oo ¢ y L crowty

¢ '

fora ot 1., C‘:wu!‘}l:_:;l avpears by be tdeally cuited Loy utiliee

v

N ,
tae wirteat fheraal envivanaent avaibable n Kines Christian

r=

1a1lrmide Poraiat:oiee ol dead aterial in itge uv*i.‘ivkxtj
l‘\;:.i,t‘inwn Lo aloo ng‘:&’)l‘til!)t in \'1"1(511()1':;1L_vi.n;" t.no tiu‘.l‘r.ml'
.Y‘.(-‘.",'L?h"‘. MNomdin doo ‘“~1't»}‘1“L;ﬂ:’ selog to decrease the fn= 9
luence of windg o.n hert flux o resu ta in .'ll(\,'l.[‘ Leanineratures

beins varaer than air Loaneratnre, Standineg dead material

. . 2
M

)



NS,

rematng intact for oo Lone voriod of Uime (D20 veargs)
because it unricht soaitisn cuts the substrate in a

hostile cuvivonment for decymosition wnd prazin s by

animnls e noelirid e, Viseor (pergs. comas) found thnt
bolth funreal blosegs and number of rtuneal orecies colon-

edln s ded Tuznla coufusn leaves were oxlreenely Tow com=

parcaswita funeal o vooniations o leaven in o ehre Ltomaerate
¢ .

reciona, Yhe largo seavant of teadin:s dead (G497 of above=

ground tanding crop) avpears to wid in orotectlon of Tivine
plant vwwrtse  In owinter, snow accumlatoes arownd the dend
) " M
material cvotgeting Lhe basal mevidten fron botih abracion
4 !

by wind=borne ice navticles and extremesn of temperature.

Tn spedne, teaoped snow melte and vrovidesn addisiona) watop

- ) .
Lo the plant for the growing seasan, _ .

A moss 1ayer (0= 2 cm) was usually associnted with

Tuzula ¢ gz v and AU acpears to be partially responsible

9
i

for plant . ovival and pgrowth n reveral resrocts. A omoans
mnl nfovidem nrotection tor-the plamtts el :‘i;«-"x Lhrou e
out Lhe yorrr and :xvctp. as a water rescrvolr. Water :ut:l,',"bp
1'imitl.nv"t.'u_plrmt' srowth, elthew on-excartionally dry

years (which anpear Lo be rare), or. ench vewr while the O

mineral soll dis 'vowen or very c¢old. The utiligz.ation of

the mous layer as a prootings medium (¢ of JTurula root
blomagss) way boe necessary for rapid initiatisn o growtn

pooordne since water needed or clonaation whu'd not
- [

b avallab'e rrom frozen mineral =511, Tac =ost imvortant:

| —
\

roll of tihe noag nwal however, nowears Lo be aa o seedbed. -
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Addison and Rell (1976) showed that purmjnution and siubse~
quent establishment of native species on Ying Christian

Island was greatost on a moss subgtrate.” It apnears that

Luzula confusn utilizes thin substrate as a scedbed which

may be not{Only beneficial LUt essential for plant esta-
. !

.

blishment,

1
t

- Reproduetion of Luzula gonf}gyg 15 mainly asexual

l

throusrh production of new Lillers from undovgeround rhizomoeg
every 5 =l year:, Wach tiller lives for aboul 7 years
and dics attor Flowerine in ite rinnl year., Flowerin.-

appears to stimulate riiizomne branchin., vonzinly tnrouch

the losg of anicnl r!ﬂ:nL[l:’un_?«: s a recult 90 Lo naift from

leaf Lo 1loral merdsteml  Sach vhignue branch sunreoris tuo

\

living Uillers and ilence, vrhizome Lranchinge incron g
i . i 2

| .
botnntially.  Since no viable Turala

seed was ound Adurdng the tharce year Study l)ui‘i‘v(i, oeven

agexual reproduction su

-

I
flowering: arpears Lo bd Lore iunortuny or agsesual than

sexual revroggetion.
. . - i R
! 2

.~ water did not avpdar to be a Jiaitine factor for .
survival tand grasth nf!Thzglﬁ comiuen on Wing Christinn

. I
Islamd.  The waior réage for this arvears Lo be consigt-

. . |

ently hich aubient re1+tiVO huniidgty «ind “raallor urface

to atwmsrhere Leurerature sradiont both of which Seot

. _ o . \ .
evarotranagniration lowq turine the turee vear: of sludy, -

avavoration to nrecinit

atdon ratio wag low ‘-Zan;ru‘_"h that ~

1 i
I B
. ! : ‘.

ﬁl’ . .’ . . ; | -
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near surtace o1l aoitture (O = 9% cn) did not dron

(8}

bolow =i bars durins any groving seasan.  In ogvite of

. ¥
high ooil wolstuve, Luzula did exvericnce leaf water dellcit
on rare oceasions, owine to the clfects of low noil temper-

. . A )
atures and a ateeo leafl to at-osohere wolsture yradisnt,

3

AL these tines, tur-cor volenlial averoached 201m;:1jd Jenf
reshatance to waloer fHuax inc\pw'od drnmnhicnlig'i¥uih*‘tinr
slﬁmutnl closure.  Sincoe ¥aler vanour nnd.curbun Qinxiiﬁ
- A

fluxes have similoar vatheays, stonatal elosare v»u\d duerea o
both Lr:nnfqir'daiun and vnotosyntieals Lo almagt :ﬂcQ%. Unacr
conﬁr011od condltiqps in ﬁho laboratory, nct DhOtOS)nthOSiSv
dronped dr:um1tlcan!]§ with deeress-ing leaf water nottngLidl
(<25 of maximum at - 7 b:n‘:%). "he physiolosy of m_L‘l_]_ﬂ
therefore, qvnears to be suited to non~df6ucnt conditiong
and nvuh ﬁiiwht wabor deficit may substuntinlly influence

plant carbon balinve thnat is'eritical at thosé 1n£ttnﬂos.

The perlodicity of Tuzula confusa wmay have evolved as an

avoldance of late geason drousuls ralher taan as a nroblee-

tive mechanipm to nrevent winter injury ag suested by
Savile (10722).

e

Low summer temperature avvears L9y be the adominant
:o) ! : .
environmental factor resvonaible for low growth rates of

plants in arctic environments (Tibsven_l@?Z, Rillings 1974).

“In svite of the gvbwth form of Luzula which tonds to

ameliorate the ticrmal rdgime, temrerature still arpears
to be the factor tiaat is most influential, Both above and

belowground temperatures are imvortant in vlant functioning
. i



_but browth and develovment of Qrctic and alvine nrlants arc
affected more by soiTgthnh air témhcruturos.(ﬁlisn 1960,
Dennis and Johnson 197°0), This is thbe]V causod by th
combined (.lvcts of low decomnosition 1at s rosulting in
slow nutrient cycling, and low root uciivity in uptake or
nutrients and water (Douglws and Tedrow 19SQ; WéCown 1975).
Soil temperatures in the rootin'; zone of.Luzﬁia (=% ¢) on
King Christinn Island wore'low, avorasing: j.loC éurihg the
bhrowinﬁ season (July and Aumunt, 1973), Bothywinnt commun-
ities had gimilar sQL] toﬁbernturox_at this dovth'uhd al no
time did the daily mean goil Lemverature excend 10°C, Over
807 of Luzula confusn roots were in the surface 5 cw of
soil.&nd‘th;u morpholoricnl,udnptution‘to utilize the
warmest: soil environment. jq »oorobably extresely iunm}taﬁt in
the succe u; of the synéion. More det:iled conaideratlions
~of root ﬁrowth and xduntﬁtiﬁné on sinr Christian Teland are

found in Pell (197%),

v ) ‘ B ‘
Leaf Lomverature of Luru]n wae 1 to P © above anbient

e

atr temporntuPC' 2,50 C) dux1n“\thr'197§ groving season on

Ning Christinn 1°] and.  Althouh thi&: difference was cmall
x L ,

\
\;

as qomrnrﬁd with several sother avctié\nlnnts at other arctic
sites (Warren %ilubn 1757, Corbet 1072,'Addison’1076\, it |
avvoared t.L} have a swhastantial influenge 'n\not notos y,n-
thesis., The field sodel of net ;hoto vnthowfi oat1n1ted a
250 ¢ iucvoﬁwo‘invnet agsindlation rate with a I\C rﬁuolin

\ :
t. R ! 1 -0~ r _1 . ‘-"] A : P ~.
emrerature. at 37°C (1,0 vs 3.5 wr €O, 7' e M. In sencral,
k] y ‘. . i
! H .
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both vholocynthesis and dack recswirotion orevated at low

[

ALenveratures, and rvorsitive net rholosynthesid wac obgerved

'at.—B to -3°C both in the ficld and laboratory. air tespor-

/

~ature rarely drops below.07C during the 50 day rrowing
season,  oth the ocean and the larrce volume of wnter in the

, Sﬁfil\tiﬂm)lj{)rqltf} the thermal rerime and hrw1C(3] Turula comnfurn

is not exvaned Lo very Jow tewmreratur g wille in an aclive

e

~state.  The adaptive sipnificance of fairly hich dark recrir-

“atlon rates aty low temneratures anmears to br related

~(Mooney and Billings 1961, Billinss 1974).

. stronpg counling of net nhotosynthesis to rad#ation’inténﬂity

thesis.

ty Lhoe
necod to develop ranidly in a short and cool prowins geacon
- ‘ \ s . ] .

|

L]

The resvonge of net ohotosyntiesis of Irzula to lipst

intensicy was similar to tie seneral resronse of a 05

plant. Lirht cowmvensation was comvarable witjh other arciic

olants and permitled the nlant pocitive net desimilotion

—— -
'

~rates even under low illumination. Tuzula sHowed a similar

i

i

as reported by Shvetsova and Voznessonshii ( 971) and Vieszen

it, the reayonsc was'wrobably'an indfirect effect of
cd : ' C

(1973)
1izht throlgh radiant heating of laavos} In/ the field, lipgnt .

intensity/rarely anrecared to be linitin? tofnot pliotosyn-

i
!

Lirht quality}annéared very éoﬁéiskent"ahd no shift

in red tb
\ I

"nal basis. It does not annehrfthefefore,
: . | ; .

ar red ratio was detected eiﬁhérﬁseasonally

or on a di



\
\

\
\

\

1h

4

that the LoN/7 59 Phytocnrome ressoongse i oinvolwed in Lhe

biolo~ical i w0 Tuenla condusa. The nopriodice Ly of

Tusula did not require an aXternal stiaulus since flowering,
fruitineg amd dieback all oceursoa in a controll g environy ont
chanber under o constant aavy=ni~st cattirn of envirvon...ntal

conditiona, ‘ \

"rediction of anﬂju net acsimilatisn rate baced on

. 14
environaental concdilinne nlicated tin incortance of ro-id
srine initisation of srovwth.  Since itue short arctic SO -
inv season in one environmontal Ffactor tLuat ﬁ]pnts cannot

P

conterol, maximwn utilizat ion 0 seacon Lay be imooriant in

\ maintainine a oritive carbon balance.  Lurula conlurn
N : . ‘ . :
inlth%od erowth within one day of rmovenslt and since Liwe

offmelt vas usunlly in late Junce o» early Tuly, il took

\,
aqunpmmo of the ovtimum condition: avail-be ror net viuotlo-
synthoSﬂs«(sec Fip 22).. Ranid rroduaction of grocn voiterial’

was nxde >o~51ch by vre-~formed buds anc artially oxtended

v

green leaveg that versisted over WJuukr. sorine prowtiy
qnwoirod to be at the oxwonhﬂ of carbohycdrate reserveg

! .
stored in bolh stems and rhizomes.

Based on flo mhy s lOlOFLC&l ch1ractnr1 stics of Lurula

1
confusa, the moat‘imrortant'foatJro that a plant selocted
)
lor rove"etaLlon musl have, is tune 1be11t" to assimilate

) )

carb)n positively and raurdly at low temneratures. - This

abLlth m:v bc achioved by eitier "hy51c17 chnractoristics

o sy

oo



arelioratine t{he thernal reagime of physiolo-ical chiaract opr=
H - '

isticn that nevnit racid carbon “osinilation at low Lenera-
tures.  In addition, plants that utilize the oﬁrly p;rt or
the srowine season have o rreater likelikood of survivad,
frowth and rtnroductjon in this hich arctic environtent,

| i 7 o

In renera, Tllle]il tontusa apvears to he o th worrh-
olochﬁlly and phyﬁioloricully adanted to the.Folaﬁ Semi-
desert envifonﬂont-on Kine Christian ITelanéd, Thig gpecleosn
combines the_ more efficiaent ﬁrwminpid tiotosynthatic syptem.
with some of the ?ushion nlant cnevey trarnpin- charactéri:ticp.

In this way, the vlant ig able to assimilate carbon thurey o -
e : , !

out the arctic 2 h day as well ag positﬁVDI# and rovidly

at low temperatures. In addition, the wvlant tokes advantarse
of the ovtigzal srowing conditions that occur innediately

after snow-nelt.
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Appendix A.  Light quality of growth chamber lamps at varlous

1

times durdng an artifictal day. Values are in

put mm2 nm—1 from a spectralradiometer at 90 cm. ,
Wavelength Light Tnﬁensity at
nm ' 0000 0600 & 1800 ) 1200
400 0.80 3.12 . 4,40
425 1.54 5.40 8.51
450 3.16 10.75 : 14,28
475 - 2.58 7.75 10,54
500 2,78 8.20 . 11.00
525 ~ 3.06 9.44 B 12.65 1
550 . 7.84 ¢ 29.57 35.95
575 _ 8.51T° 27.81 . 35.064
600 8.32 25.33 ‘ 33.71
625 5.32 15.68 : 20.78
650 - 3.01 8.47 10.81
675 ‘ 1.84 4.59 ) 5. 66
-700 1.2 - 2.70 3.3
725 1,06 7 1.90 : 2.19
750 1.02 : 1.73 1.87
800 - 1.20 2.22 2.18
850 1.22 ‘ 2.07 2.17
900 1.19 1.44 1.56
950 . 1.30 1.59 1.65
1000 . 1.69 - 2,88 S 3.39
1050. , 1.63 2,92 3.65
1100 - 1,28 1.42 1.46
1150 W 1.29 2.01 2.26
1200 0.88 . ' 0.98. _ 1:.06
1250 .0.95 | 1.06 ' 1.1
1300 : 0.85 0.95 . 0.99
1350 . 0,66 0.94 3 1.00
1400 0.54 0.89 . 1.03
1450 .. 0.43 0.49 ' . 0,52
2500 ‘ 0.44 _ 0.58 , 0.61\%

EE 1550 0.42 0.72 ‘ 0.81 —
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Appyndix B ' .

\

One of th most difficult faétors fo quaritify in ecophysio-
logical studies is the level of confidence that can be placcd in
any. measurement of envirommental factors. Slince {t was not possible
to replicate radiation ruglmo,‘watcr relations and several temp-
eraturc.mcasﬁrcmcnts, some ideca of accuracy was necessary before
1ﬁtorprorntion of the results was possible. There are two types
&f errors Involved; 1) those owing to the dnstrument, its cali-
bfﬂtion and the recorder, and 2) thésc owing rg poéit#oni&g of
the sensor. No estimate of this latter error was possible and the
following table outlines thg potential errors owing to instrdhent—

ation. 1n the table, only systematic errors were considered and

random eyrors have been omitted since most measurcments were long-

term averages. h C‘:
UNCERTAINTY SOURCE SYMBOL VALUE.
Thermocouple . | T - 2%
Electronic reference Eﬁ . .SOC
_Recorder : » B .5% of full scale
Thermistor récorder . Tr o 1OC | 2
. Albedometer ' A 17
Net Radiometer F 2.5%
" Black Body Emissivity o .05 v
# Surface Fmlissivity g € .05 j
Quantum Senéor | Q CF 2%
Weight ' W ) 1 g
* lieat Flux Plate. P | 5% .

. Vapour Pressure Leaf VP(Tl) . .28 mm g~ 1' ‘\i
Vapour Pressurd Air VP(Ta) . .39 mh Hg )
Thermocouple T f 1.10C .

Meter D 2.5% of full scale
Fresh-Dry Weight : wl -dsmg; "2
Turgid-Dry Weight ‘W2 . 1 mg:

~
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. Y Appendix B (cont fnucd)

CONS'I'/\NTS m VALUE
' S o
- Kl . : 2,13 “¢/uv : ,
’ : -2 V] ' -
K2 - 14 cal em © win “/nv :
L g 2 -1 .
K3 04 cal cn T omla /v
~2 -1
K,. ] 241.5 pE m © sec T /mv -
| 5 |
K5 .093 cal ¢n min ~/uv
: ‘ -2 -1 :
K‘ .06 cal ¢ " min /uv
X 2. bars/pv
7 o
‘ _ i
. . ;
FACTOR s SOURCE OF FRROR L FQUAE TON UNUIRTAINTY
Laaf Thermecouple, Dleetronte &r 481y ¢ Kléh - Nt
'_I“rfqu-t;nmv (Tl) reference, Recorder o * N
Adr and Safd Theruintor recorder ) érr '1"c L
Tegperature . ‘ .
Alr Terperature (T.) Hvgrathermegtaph : . - )nC
Relatve llurtdity ’ tygrothennograph . LY 3 .
(k1) :
Wind Speod o A Totalfving Ancroneter 2 !
b, Hyapire Anciometer . . . .2
. - -
CRERGY , cal (o nin !
N Globa) (llT) | Adbedaketer, Reeorder K2(6A + é8) ) L008
Reflected (1) Albedomet er, Ic("urdcr KI(SA + &K) L .OORC' .
Incoming (1) . Net Radforcter, Recorder, . T ‘61',
Tenperature, Black bady KJ(&')F 4+ 8L) + CO’Ti(--- + -z3) L0458
t 3 T 1
. cemissivity . Lo
Longvaye : Incoming, Global . Q 81 + Gkr 056
Dowvn . &e or
Longwave Up (L) Terperature, Surface : t(ﬂ':(--: + 41'1‘ .027
_ - emisaiviLy 1 . ,
Net (Rn) : Inc‘oninr,;vm‘l)cc:cd, ‘ ‘ 51 + 8R + &L- 083
Longwave U'p Y] )
Latent Heat (LE) Weipht U KS({'U) .00%
_SofI'Meat (G)  Meat Flux PlitesRecorder K (8P + 65) .006
Sensiblc Heat Net Radint !on..‘thLl'nl Heat, . R+ 8LE + 60: 098
) Soi) lleat n i P :
; PhotosyntNetscally : ’ =
PRI o1 K, (6Q + &8 16. .
: Active Rudiation  Quantwm -f“ sor, Recorder (60 &) e :-3 e .
- Vapour Pressure | ' ; .
) Temperatures, Relative ) ' ay . 0
Cradfent (VP) Hunidity G\P(Tl) + Ru \r.(m’u".) + SR1t) .91 2 Mg
« ] o M .
Besfstance to Tenperature, Vappur &t
: 213 pvP 1, &P &y -1
v ate EEE R LRSI LA 2
ater }‘h*x : Prossure, Water Loss 760!‘1 E ( 71 4 Wt B) o ) l.fl lt“C ca
. Afr Rewfstance Tenperaturew, Sensible T, - 7T
. Reat J 18201 " Ty,
) © N Py
. 6T ér
! : (-7,'1 + "‘_f"' + '6>:-) : A8 e e}
: . . . 1 ‘ ]
Lesf Vater ' Thertocouple, Meter - ’ K’(GT ! &D) .1 birs .
Potedtial } €
Osmotic + Matric Thermocouple, Meter . KT, + 6D) .7 bars *
Potent fal : c( - :
Turgor : Thermocouples ' C R (26T ) .4 bars
¢ R 7 cl s h
Fotent{al . v
. -6"1 642 ) .
Relative Vater Melght 100(* + ) 2.2% - .
Content ) 1 3 '
Coofftcicnt '~ Osrotlc + Mairfc, Turgor . v - Y- \J
of Expanston \ Potentdalm, lclative N (‘on iﬂ_‘_.ﬁc.l‘.)-n ,
. ¥ater Content : ’ .
; -k i . : (44 8. o
! . .
‘ L “E+ —‘{-.:‘E’) ‘8.7 bars TKWC



