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INTRODUCTION, -

The continued auPV1Va1 or ‘a plant species in a spechie

- ey

‘environment depends on the abilityjpr the apecies to

'

‘maintain vegetative arouth and to reproduce under ‘the li ,
iconstraints of that aystem TheSe constraints include the
‘potentiai limitation or sUch important resoureea as,
radiation water. nubrients, and space." The ability of a
species to use the available resourees is ultimately
expressed through the maintenance of existing tissues and
the production of ney tisaues. both vegetative and’
reproduetive. Hithin a’ plant community. ‘members have'
evolved many different patterna of growth and reproduction:
,in response to the phySIoal limitations of environmental.
"resources.' S S .i'; é S ; . -

-

V. The concept of blant growth form has been well
.established in deacription of geographical plant
,distributions and thesr relationship to general.
environmental conditions (Cain 1950 , Daubenmire 1978). Thé'~"
early definitions of growth form ‘have been expanded to |
include characteristics of reproduotion and leaf and stem
grouth This broadeneﬂ eoncept has been used to 1nterpret
\the adaptations of plant species to their existing . ‘
env1ronment (Harper and Ogden 1970 Grine'1977. Harper

1977 ..
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Huoh of the 1nterest in strategies of different growth
forms has fooused on the adaptiveness of overgrcen dnd

-,

deciduous legves to plants. Chahot and Hicks (1982) have .
summarized the hypotheses: that pttempt to explain the
different Patterns of leaf longevity:among growth rorms,

These hypotheses variously relate the value of 8 particular

\ L

leaf longevity Pattern to competitlon for nutrients

internally among plant compartments avoidance of

»

environmental stresses during parc of gme growing season

nutrieht cycling. nutrient use efficiency. compensation forlu

different photosynthetic rates, ceat of leaf development and
) the resulting effect on net carbon balance, and the storagex.\
of nutrients and carbohydrates. It saome cases (e g. Mooney

et pl 1975 Chabot and Bunce 1979), the examination oﬁ

.0 L2

these hypotheses have been more pertinent to moderate

-

temperate and, tropical environments than arctic situations
Comparative studies of strategies in different low
arctic grovth forms have concentrated on nutrient cycling
and- nutrient use efficiency (St{ner et al. 1978, Chapin et
:'al. 1980a, ShaVer and Chapin 19 0), and photosyntheticclife
"spans and carbon balance (Johnson and Tieszen 1976).
Through an understanding of re»ource allocation patterns tn-‘
structuralm photosynthetic. and reprodUctive tissues.'and.
the resulting partitioning of/ this biomass within- plants.'a .

4 .
more clear understanding can be developed of h0w these .




» .
' " N . . - . - .
S . .

plauts respond to the liuitations in thzin;gfdhing S
| - o ‘ K
_ constions (Hooney 1972) T - b, IR

Vv .
. - . . by

Co
<0
N . D .

The severe limitatiOns to growth and reproduetion of

«

. plantx imposed by the physical environment ofﬁtne North'

Amerioan Arctic are refleeted by the low speciea diversity

» , ~ R

- in the region - and by the 1ow net annual productivity of the '

/

,pﬁant communities (Bliss et al 1973) Characteriatic of
'thie environment are a ahort growing season (Lewis aﬂd
Callaahan 1976) limited radiation (Bliss 1971? 1ow“a911 w,»

.and air’ temperaturea (Bliss 1956 1966) and ‘low levels 0f

availabl& nutrients (Chapin et al 1980b),

[ - .'-.“l A * ."“
T In North America.,the Low Arctic ineludes southwester%%_.v

~

-Baffin Island ~and. mainLand Canada and Alaska north of. the~f-;

N - A

‘e.tree line (Aleksandrova 1980- Bliss 1981) and consists of "a

';mosaic ef different plant communities.. Evergreen and

[
Y

deoiadous shrubs. low shrubg.'and dwarf shrubs are important
f members of many of these cqmmunities 'In the Mackenzie‘-
3_Rivzg;%e1ta regioh of westerh Canada low shrub and dwarf‘

shruu communities dominate relatively well drainad rolling

s

’upland aites ‘The deciduous shrub Betula nana L' subsp.

B3

‘exilis (Sukatsch )_ Hult., and the evergreen shrubs &gggg :
' galusgre L., Subsp. decumbens (Ait ).Hult and<Vacc1nipm
&vitis-idaea L subsp.’mimus (Lodd b ~Quit. Have high |
‘frequency\and cover in the Low Shrub Heath community on:

Lo te L - ~ . . v Lo . - - . . .
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upland sites that p¢ov1de adequate wLnterlsnou oovqr (corn

197u) In these upland sitea. L. palustre and V. s f.'

'
CEd .

.vitis-idaea forn uuh—canopiea under an upper canopy created

by B. nana. Thua. hoth evergreen and deciduous dwanf shrubs

sugcea;fuLly coe;iat in the environment of the Hackenzia

4 . R
I3

Delta region. o R

»
. 1 v
ot . ) v ' L
' ’

~ . - - PN , 0 .
~ + ’

This study was 1nitiated to qudhtiry the relabiqnships

- of leaf nnd stem srowth, biomasa partittoning. net :';'

production, and oarbon allooation in three dominant

\

deciduoua and evergreen dwarf shrubs g, nana,ikg galustre."

"Hackenzie River Delba uplangs - »~f d Vg

'and V uitig idaea in the Low Shrub Heath community of the T
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The study site waa situated on uplands alona ‘the

.“northweetern shore or Parson& Lake; District of Mackenzie

! o]

euorthwesn Territories Cenada. at 68 59'N and 133 3u'u .

1“'(F18. l)@l This is east of the present Mackenzie Riverf : -
:‘e%Delth' approximately«71 km north of. Inuvik and 55 k' |
i aouthwest of TuktoYaktuk The gintly rolling topOgraphy~of
'the region 1s physiographically 1n the Morainic Hills '
‘3subdivdsion of the Pleistocenﬁ Coastland (MeKay 1963)

'._Elevations generally are under 75 m and" relief rangee up to

50 LE The entire region was glaeiated during the 1ast

,:Wiaconsin advance (Hughes 1972), with deglaciation oceurring

. beForg 12 000+/ 170 radiocarbon years H P. (Ritchle and~"'

Here 1971)., The area 13 treeless tundra and is

L - : o efx
abproximately 70 km north of the open. boreal forest

treellne Trees. krummholz forha ef Black Spruee. Picealu

-j“ﬁariana. extend to the study area only in relatively well :l

ﬁ”;hilltop plot at 55 m elevation. sloping gen§1y to'thg

L nOrthwest

proteoted eites The actual study site’was a 0 75 hé

Vegetation .

AN

The plant communities of the5e uplands east of the

uackenzie Delta have: been clas:ified previously by Corhs‘
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(1973) into five major typea on the basis of physiognomy and

florLBtios A11 five typ@a were present in. the regtion of

tne gpudy site. The Tall Shrub~Herb community type contain;
'shrubs >1. 5 m in height amd 19 limited to lakeshores and

atreenbanka. Saiix 1anata and 8. alaxeneis provide-most of

the ;hrub QOVer in theae commpnities. Tne Medium

.-Shrub Heath type is dominated by ahrubs <1.5 m.erhis type ia,,

best developed on slopee which have a deep winter snow pack -

3

and RE XS snowmelt Alnus ¢rispa, Betula nana aubsp..exilis.

and Ledum Qalustre subap, deeumbens are well represented

-

- here, The Low Shrub- Heath ‘type with shrubs 35 to 100 cm 1is

§
similzr to the Medium Shrub~Heath typ@ but occurs more

frequently on drier hilltop Sites which have less winfer“‘

. 8now EOver, Betula nana. Salix lauca, S. acutafolia, and
=22a1X &.____ 2

S, Eulchra dominate this eammunity bype.v Several subgroups
of the Herb Low Shrub Heath copmunity type occur in the

3
&tudy Pegion. primariiy on impeded to well drained sites, or

on polYGonal patterned ground The Herb type is represented{

in the Paraons Lake area by wetland communities dominated by

Carex 8Spp. and: Erioghorum app.~ Vegetation sampling was

',carnied out in August ?977 to relatelhhe vegétation of the

’
-

Study area to Corn's units,

-

Methods 7 . '

o

TKPee-paraliel transeetsuwere randomly placed

'
b A
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1

perpendicular to a 100 m baseline and each transect was‘
>
" divided into: four parts Thirty four 50 x 50 cm (0 25 m )

' t -

quadrats were stratified randomly alomg the three. quartered
-transects (ie. three quadrats looated in most quarters)

' ~

Cover of each vascular plant speoies 88 well as cover of -

lichen and bryophyte components were ﬂlsnally estimated to

+

the nearest 11 within each quadrat ( Erequency values fTor -

[ T

all vascular - plant species were also aalqulated. !

NOmenclature follows Hulten (1968) fdr vascular plant
“species.~ , |
 'Results and Dijcussion - o o
The plant community of the site Ls classified as a Low
Shrub Heath type. Birch-Heath subgroup according ta the
scheme of Corns (197") ' This communitr type is typical of
most well drained uplands and slopes in the region north and
east of Parsons Lake Species diVersity was’ low..with 1ess

1 N A

than 20 vascular plant species forming the community.

. Betula nana. Ledum pﬁlustre, and VaccinLum vitis—idaea all

occurred with high frequency and cover in’ this community

(Table 1)

, . IS N

These shrub oommunities contain several recognizable oo

canopy strata. Betula nana dominates‘the upper canopy.4 L.

growing to heights of 0 5 m. No Salix Qulchra or. S glauca



_T.ab"lef]’ Percent frequency. aeriel cover, and presence af spec1es in
B saﬂpled quadrats (T-O 0 5% n=34)

~ Species - - Mean Cover - Range . . Fregvency o
Betularpana’ - . 39.9 1 0-85 - i gy
Ledum Ea]ust - ) :14?5" L 0-48 " 935
,Vaccinium vitls-~ 1daeag - .23.0 - T-30° 100 .
Empetrumnigruw - . 657 . o0 79
'Arctostaghx]os rubra o 4.8¢ T 0-51 P+
Petasites friglaus. 7 1.4 0 g0 ¢ 50

Pyro secumda oL ;"I.Q .. .06 ~ 32

| _Py_@_mm = R S

Mf’_@_ n.ustifolia- 2.0 0 T 0-8 2
Oxytropis mydelliana =~ T° - gea o 3 -

‘Rosa” dcicularis T e g

o Stellaria lgngipes T . 0T . 53

Pedicularis fanei . " "1 - o5 g
Carex bigelowdi . = . 2.8 0.0, . 77
Arctagrosff latifoﬁ-a.‘ < 0-7 - 80
Poa arctica = ST gia S 15~
_Ca]amagrost1 canaden51s "1.;3- i 'v 0-.9" R '85 .
Lichens - . , =" . .. 266 . N '2-74 B [+’ R
Mosses - S X R o
. Dead Maf.er.f'!'a,]: S~ 269 0 480 10p,
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.ocourred in the study\area. and they were infrequent in the.'

~
-

' iunediabe\area-g A subc&iopy\is rormed by~L galustre.

ialthough its distribution is lesswuniform than that of B.

;nanav A third stratuﬂ near ground level is do-inated by V.‘lj\;

vftis—ideea with other herbaceous and graminoid species

-

having lesser importanée.f Coven~at ground level consists

3
-~

'primsrily of such fruticése lichens as Cetraria cucullata.'

- BREEN - .

) and CIadina arbuscula, along with decomposing organic

-

'rmaterial Bryophytes were infrequent and ot Ilmited cover.

"\

except ‘on the moist. organic material or some interhummock

. troughs.’ ‘ En ' T ~‘:: e ’Tiﬂ.’”
Seils’ = - :-f‘flftfﬁ35:3f:?:g.

Methods

A: pit which included two soil hummocks and the trough
o erea between was dug to permafrost in late August 1971. A
scil profile description was made from the exposed profile
with the classification following the Canadian system

(Canada Dept. Agriculture 1978)

Results and,Discussion”‘

LN \"a . . .
The ground surface of the site was covered with a

mstrix of earth hummocks. Similar hummocks oover',ff”"

&s"

e
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o approxi-ately 95% of the landscape in the lowlands aroundw - -
tho Hackenzie Dolta (Tarnocai and Zoltai 1978) and are . - o

-onyogenie in origin. The hummocks were tor-ed,by : ;;;;

displaceledt of nineral‘inﬂ organiOInaterdals due to

-

'cryostatic pressures formed during fall.. freezeup Soil

T

charaoteristics of texture. temperature and moisture, 1in . 2 f
combination. determine ‘the degree of hummock.. formation, T <t

(Tarnocailand Zoltai 1978). Radiocarbon studies indicate

-

these surface features probably formed 3, 000 to 5 000 yr

B.P. (Zoltal et al. 1979) during a colder climauic perLod

-—'.-_‘;'—"

(Ritohie‘and Hare 1971). Although such hummocks are x_f;% .

°

associated with dynamic soil processes, Zoltai‘(1975) and

MacKay and MacKay (1976) suggest that they have been - jfi;'-*i”“‘
\relatively stable for at least two decades. No evidence of ' ~

syrficial disturbance from any’ cryoturbation was, observed at
fthe study site. Vegetation formed ] nearly complete cover.'

..,

with little bare soil present to : umd, -

.

4 : ‘ . -
The distanoe between hummeck centers on the study site

ranged from 0.75 to 1.5 m and the hummock tops were . .}Lj_‘<§j’

approximately 0.5 m higher than the tr?ughs between,adjaoent;4‘
. -hummocks (Fig. 2). The core of the hummocks was compoa:d

primarily of fine grained minerais: clays and ailts.q

ovep;ain by a thin laye; of organic materiai (Table 2).

Trough areas between hummocks are Usually filled with.

0

organic matter extending uown to. the -base of’ the active



Brunisolic Turbic Cryosol

T

Représentative so11 profilte of the‘st_udy site. including

o

sections of a soil hummock and an inter-hunmock trough. :
after the Canadian -

Symbals representing soil horizons are
Soil (lassification Systen (1978). y in

. layers and z indicates frazen horizons.

dicates cryoturbated

12



. - e . S :
7 e e A e L e s v e e e s

'013;

‘Table 2. Representative soil profile description of a soiiAhummock,
Parsons Lake, N.W.T. Color notation after Munsell (1971).

e ———————

oy T - N
K \ . . . L

[

Hor1zon Depth (cm) - .. Description

-OM

Bmy,

‘BC

BC

Bmy,

S

0-10

6-12

y 1320 K

- boundary; 3-10_cm thick; pR 4.8

Very dark brown (1OYR 2/2 m), very dark grayish
_brown (10YR 3/2 d) semi-decomposed organic

matter; abundant very fine. random fine, :
plentiful medium, and few Qoarse roots; amophous’.‘

Very dark grayish brown (1aYR 3/2“m),»bfown- .

~dark.brown (10YR 4/3 d) clay loam; fine

granular; friable when moist, slightly.plastic -

‘when wet; plentiful very fine and random fine

roots; amorphous boundary; 2-4 .cm thick; pH 4.6

Dark brown (1oYR 3/3 m), pale brown (TOYR 6/3 d)
clay loam; cearse granular; friable; pientiful.
fine and very fine roots; amorphous boundary;
5-8 cp/fh1Ck; pPH 4.9 :

Dark brown (10YR 3/3 m), pale brown (10YR 6/3 d)
clay; amorphous; sticky, very plastic; 1-8 cm
thick; pH 5.9 ‘ -

Very dark grayish brown (10YR.3/2 m), brown
(10YR 5/3-d) clay; amorphous; sticky, very
plastic; 25-35 cm thick; pH 5.6
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| f1973) The climate of ‘the region is affected by sevehal

~ . - -

N . h -

layer{ Involutiona of both oﬁganic natter and nineral

-

4

.'horfzons along the sides of the hun-ockeggre evidepce of

/

?}cryoturbation ao-ctine in the past. -The peruafroat surface

is a nirror iuage of the groumd surrace. wihh 3reatast thaw

A \

.occurring beneath the mineral eores .S0i1ls of the. sixe are

- 7

classified .as Brunisolic TurbLe Cryosols 1The BCRYy hwfizon

reflects: ‘the effect: ‘of . 1mpede& drainage ‘rused by the

N v
'permafrosb;

L Climaie. o Cos

¥

Parsons Lake 1s at the interface of three major

climatic zones Marine Tundré ocecurring to the north Taiga

lito the south and Continental Tunﬂra to the east (Burns

1

different air masses which . dominate at different timea of

the year Continental Arctic air dominates the region in =

~

Hinten, but retreats in summer: as solar,radiation incPeases

and . pools of meltweter form on the surface of’ the arctlc'

ice. -Weather of the growLng Season is. modified, pcim&r11§ - .
by cold maritime aﬁctic atr masses (Burns 1973)- BrySon

.(1966) and LarSen (1971) have aﬂggegted | °9rre5p6ndemge ,;;;“ n e

@
2t -~

between the location of these air masses and posibiod of the S

i . IR N - - . L

- - N ~ B & . T v - - -
fboreal forest AT TR f L

[Co

‘Lehé'cé;q w;pﬁefs M{ﬁhﬂshcft cegl'su@mersg:botn
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‘asgooiated’with low precipitation. ére typioal of‘the‘region

. o
(Flg. 37.. Inuvik's mean July temperature of 13 3 C and

3
"Janyary mean of -29 u C uould be similar to those of the

Parsons Lake area because of similarities 1n elevation.'.
Precipitation, averaging 260 mm‘at Inuvik, would ak¥so be

~

roughly similar &t -Parsons Lake.

Methods

Mesgo- and mioroclimate were mOnitored on the study site"

during June, July. and August ‘of 1977 and 1978. Air'ﬁ
temperature and relative humidity were measured continuously
"Wwith a Belfort hygrothegmograph (Hodel 5 59“) housed in a
1ouvered white shelter at. ground level. The instrument was
voalibrated weekly -with a mercury in glass thermometer and a

'sling psychjometer.;

SOil and air temoeratures.were measured hourly with a

ﬂ Grant Multipoint reoorder (Model D) Air temperature probes
with self Ventilating shiejds were loeated at +1 5 0 25

-0, 03 snd 0 01Am.iIn ;577 soil probes were 1ocated within a.
"‘soil hUmmock at =0, os,~-o 10, ‘-o 15 and -o 20 ml In 1978

'aoil probe installatious were changed to vo 05 and —0 10 m

»

'"-fin 8 soil hummockr end ao 05 and oo 10 min a - trough area

'fﬂbetween hummocks __,: .":‘ .
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© " Figure 3.

mm

Climadfagrams for Inuvik and Tuktoyaktuk, N.W.T., after Walter -
(1973) . Mean annual temperature -10.79C; total annual precip-

. Ttation 260 -mm; years of observation 13; §pper line is monthly

precipitation; lower line is mean monthly | mperature; frost-

 free growing season 50 days ; solid bar is months with mean.
C

S mindimun temperature below 0

; bar with diagonal 1imes marks

. months withzabsolute minimum below 0°C; other diagomal lines
‘mark reJatively humid season. Left col umn of tempewatures in -

descending order; absolute maximum, mean maximum wavmest month,

-mean diurnal temperature range, mean minimum coldest month,:

~ absolute minimum.
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Preoipitation was measured with a. Taylor Clear Vu rain,

'x"gauge (Hodel 2701) with the opening 0.25. m above ‘the ‘shrub

'~1ayer. - o oL B = ‘." 5 B

; ~f Hind Speeds were meusurad at 1 m. above grpund level
using ‘a Belfort three—oup totalizing anedometer (Modeli

_5~3n9A) that was read daily.

-

Incoming shortwave radLotion wes recordéd with a -

fBelfort actinograph (Model S~3850) loeated on, top of the

"instrument shelter

Soil moisture was detennined weekly at -0, 05 ;o.io

end -0. 20 m, with three samnles per depth using-grevime

“teehniques.. In, 1977, samplea were collected from, hummocks.

while samples were collected from poth hummocks ‘and troughs

i

' 1

In 1978, dawn atem xylen tensions for Betula nana - Spp

-

‘exilis. Ledum gaLugtne subsp. decumhens. Vaccinium

"vitis idaea were measured weekly using a Scholander type i

4

' pressure’ bomb to evaluate the amount of water stress_'
experienced by the plants : Sboots of random plants were °
.cljpped and placed in :a closéd. humidified chamber until

they could be tested. '

1978 '. ' CoT ,»..v~‘:,fn- o Coo

—
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The actiye layer depth was meaaured weekly with atl.3.
~-om diameber steel probe at 100 p01nta randomly placed -along .
three 30 u transects -~ The same 100 Joings uere meaaured 3t
f_each aamPLLng 1nterVa1 1n both 1977 and 1978.
. ‘ Resylis and Discussion . |

E IempéJhturej_;‘iff
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Accumuiated degree dayg (0 .C- base) during the primary

' -growing m0nths of June. July, and August suggest different

,‘-w».,‘p —.s.,,.x @ ““-~<,4J~>ﬂ 3

/

'conditiqns were présent dn tbe tug,ys&rs of the ;tqu (Fig.v‘;f"

-

';h)p The 960 degree days aCQumulated at the study site in BANN

P

-

1977 were probably representative ‘of an average growing
»‘season Growing seesqn degree days at Inuvik and
Tuktoyaktuk 1n 1977 are midpoint in the range ‘of degree days

. g accumulabed in the years 1970 to 1979 (Table 3) However

o

"the 771 degree days at Parsons Lake 17 1978 represented a.

\

relatively cool year as indicated by the second lowest

' sccumulation in ‘the 10 yr time span g% both Inuvik and

‘

“Tuktoyaktuk - The maJor differences it rate of accumulation

"between the tvo years oceurred during the months of June and

\ p

August. July temperatures were similer both years (Fig. 4)3

Fivesday and monthly mean air temperatures at. 150 on
reflect ghe 5amevpatfern shown in degree day daﬂe (rig. 5,.

‘-
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Table 3, Degree day sums (0° ¢ baSé),June'lAfp’Aqust 30, 1970-1979.

Y

P - — - . . . . -
. N 4 N R ’ T
. . . . .

;Year* | R Inuvik*, ] Tuktoyaktbk* :  fParsoﬁs Lake

e e a3
e mw L e Ll s
1973 Coene7 : 8@9¥;7;%'“ : o
‘e 974 . . L LS :9.30 ST 585~
St 97T T U 038 L T gsg
R {7/ 099 849 | |
St 77 L SR [1v 2 . . 829' o 90.
e - 1978 v 944 e

Mean . - 078 : o782 . 866
*.Data fhdm,inyirpﬁméhtftaﬁpqa R R ST .
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Tatle 3). -The low tomperatures in June and August of 1978
repreaented cooler than-average conditions. This is also_

shoun by the lower—than*avenage values renOrded in Inpvih,at
the sﬂne time. - S
- T

. . A - : B

:~‘f~ 1amperatures outside oﬂ the active period of growth can

also affeot the growth perform&nee of a plant through such

indireot means as control of snow melt (Billings and Bliss
. o
1959) ' A coal May cu c belou normal at Inuvik) 1n 1978

delayed'snow release by ebout:two weeks and therefore-

- shortewed the. effective growing season experienced by the’

plahts-; Snow ‘relewsé on’ the study site had been completed .
at yome time before May. 30 1977 when it was first viewed,
but was not completed until. Jnne u in 1978
The July 1977 mean monthly, .mean maximum. and meen
eminimuh temperature profi}es ab@ve and below ground (Fig.- 6,
Table M) are representatiye of seneral profile patterns
found Ln the three-months of the growing season in. both

yeara.; The mean monthly tempereture in the boundary layer

(1 em) vas slightly more than 1 c warmer than at 150 cm.-125

cm, above the surface of the ahrub layer. A larger boundary

layer effect was observed- in mean maximum temperature

'-values.v The mean maximum temperature at 1 cm uas‘more than

o . : _ o

22

T C nigher than at 15Q cm and more than 3 C higher than at.5 .

Cm. Hovwever, these datn were co0llected on a‘relatiuely open

A
R . -
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SE

and mean minimum ajr and soil -

Lake study site fn 1977,

Height in cm. 0 = gfoundlevel.
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mean maximum,
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MonthTy mean,
June

tehperatures a
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.and mean minimum air and soil.

.Lake study site in 1978.

mean maximum,

Table 4b. Monthly -mean,
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- the upper-surface of the permafrost table (Fig. 6). This is

3y .
PR

,,.ri‘ S Rpe - SR . B “- . ' . . v ' e a .
hummock top and the. boundary layer effect woudd undoubtedly
o .

have been more pronounoed underneath thé canopy of. Betula

nana, resulting in warmer. conditions at_ the soilvsurface.

PRV

. . _
Diurnal fluctations of soil temperature decreased in

. " amplitude with inoreasing‘depth and increasing prokimity to

reflected in the decreasing range between mean maximum and

mean minimum temperatureﬁwith inereasing depth.. The
decredse in soil temperature ‘was most rapid in the first 10
cm beiou the soil“surface.

Radiation

- N o ---.' . ‘ .
At thisTlatitude (69N, Inuvik), total annual
-2 ’ '

‘\§hortﬁave hadiation 1513374 MJ m (Environment Canada)'

however. only SIS of this is received in the three months
that constitute the active growing season of tundra plants’

(Fig. 7). Of the remaining radiation, uo 5! is received

prior to snowflush and 8.5% is received after active growth

has stopped (Environment Canada). Mean monthly shortwave

radiation at this latitqde“peaked in June, generally -

corresponding with the melting of the snow cover, and
initiation of plant growth. After thie peak, in the two

years of the stuJ'; the radiation received at the study site

tdecreaseg in roughly a linearvfeshion (Fig. 8)..

’
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Fiéure 7. Monthly means of total daily short-wave rad1at1on at Inuv1k

N.W.T.

Data from Env1ronment Canada.
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. Figure 8. Daily total Short-wave radiation at’ Parsons Lake study site
‘ “in June, July, and August, 1977 and 1978 .
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Heanrdaily irradiance at Inuvik during June. July..and
-2 .. ,
August is 18.8 MJ m . Irradiance at Parsons Lake wasffrom
' -2 -1 : -2 -1 '

2.9 MJm d . (August 1977) to 6. 6 MJ m 4 (Juho.ﬂ1978)
.?ﬂhigher The difference in the two sites may have been a

product of fog and cloud patterns associated with the

Hackenzie River channel which passos near Inuvik

- ~

Irradiance patterns at Parsons Lake for 1977 and 1978
" -are ‘shown “in Fig. 9 and Table 5 Cloudy and'rainy ueathér"

in 1977 reduced incoming radiation, particularly in Junef

Precipitation

’.
.

Acoumulation of measureable precipitation was.greater
in June, July, and August of 1977 (130 mm) than in the same
' months of <1978 (70’mm) ' In 1977, over 92$ of the summer |
precipitation was evenly distributed between June and
August, with July remaining comparatively dry
| Precipitation in 1978 was more evenly distributed over thef
three months, with no single month sﬁﬁnificantly wetter or

drier than the others (Fig 10). Rainfall patterns -at:

3

Parsons Lake differed in.some“respects'fron;thOSe recorded
at Inuvik. fWhile the amount of rainfall received daily at‘.
the two sites had a positive correlation (r-.55) the
occurrence of rainfall events was negatively correlated

(r--.25) Inuvik and Parsons Lake often differed in timing
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'RADIATION (MJ m2a-1) -

. Figure 9. Five- day means of tota] daf]y short
- site 1n 1977 and 1978

-wave radiation at study .
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“Table \5’ Mean daﬂy 1rrad1ance (MJ m 2) at’ Parsons Lake “N.W. T 5
P Parenthetica‘l values are deviat:lons from the 10 year mean

T at Inuv1i‘< (*n-28 o n-29) -
Month 1977 - 1978 g
June S 9T 25.65 (-3.53) " B
Ju]y¢ .- ! i . 23‘ .'6..5 . :(:*0.»672) . . ) :’ - 2§ . 09‘ (:'-0. 89) r‘ -- . | ‘ .\_. e '...3—..0 oy
CAugust L 17,70 (41.27) - - 16.70-0.70) . r
) o ! son " - i i ‘ lp B
x s . L e e e e :
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:lof Low accumulation precipitation events.-with Inuvik

ffreeording many ttace" revel events on days when Parsons Lakeu‘
1h;d.none; TfhesevsmallJamounts of preoipitation at Inuvik‘ g
{may result from its closer proximity to the Richardson ;
Hountains or its position near the Mackenzie River ohannel
iHeavier rainfalls appeared to be more regional in nature.f
,and both recording stations reflected these major events.l

Though precipitation at Parsons Lake may ‘not. exactly

reflect patters at InUVik June accumulations in Inuvik were

-
- . -

) three to five- times greater than normal in both years of the -
-study, a large enough deviation to suggest wetter conditions
dlprobably existed throughout the region. However. this
additional rainfall may . have had little effect on the -
plants.y In June. permafrost near ‘the soil surface impedes
’drainage of meltwater from winter precipitation. and soils

’normally have high water contents (Fig HO).
.- Water Relations

Xylem tensions for all three species generally remained

- above 800 kp and below 2500 kp throughout June and July 1978

~ (Fig. "11).  Xylem tensions of the species ‘decreased._in

'-August. remaining below 1Q00 kp, Vaccinium vitis—idaea had

higher tensions 1in June and July than L. palust e or B

) nana. but in August xylem tensions of all three species were

.
{
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Figure 11. Mean week]y dawn xylem tensions of Betula nana, Ledum B
‘ “palustre, and Vacc1n1um vitis idaea in June, Ju]y, and August,
5973. ,




.,u,‘relattvely similar.,nLow values»in L,,galustre and V

‘vitis—idaea in early_Juiy were aasociated with depressed-

~»soil moisture levels at the same;timefin'Inter-hummock
troughs. the primary rooting region for' the plants, 'Betdla

nana did_not_exhibit thih early July rise in xylem tension.

Ledum palustre and V. vitis-idaea tend to have shallowerA
rgots than B. nana and may have experienced lpuer 301l water

potentials'than the more deeply rooted deciduous ehrub.

Similarly low water potentials have been reporaed for
" other arctic species (Oberbauer and Miller 1979,1981) and’
particularly for dwarf evergreen shrubs and cushion plants
(Courtin'and Hayo 19755 Low norrelations between growth
and plang- water potentials led Oberbauer and Miller (1982)
to conclude that water stress.‘while present at times in
Alaskan arctio plants. was not a- major limiting factor to-
growth, Courtin and Mayo (1975) and Miller et a1.1(1978)
came to similar conelusions.

- v : : R
Wind — . Co - ’

The hi}ltop atudy site Wwas nearly always hindy. with'
both calm air and heavy winds relatively rare. Wind speeds
- -1 -1 '
averaged 3.1'm s in 1977 and 2.8 m 8 in 1978. Since

these data were collected 0.75 ﬁ above thelnegetation‘

canopy, wind speeds could belexpeeted to be'significantly

35
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'Rleas.wihhinjthe shrub ‘stratsa.
Active Layer

”Differences in Jhne‘eif.temperaturee_;n the two years
of the~stqu were.alse reflected in the'differential melt
‘rates of the active layer Fig. 12 shows tﬁ; thawed portion
of the active layer" was 301 larger at the end. éf the
relatively warm June of 1977 than at the same point.after'

' the cool SPpring of 1978 Depth of thaw was nearly identical
by the middle of July in both years, however, and remaineg
S0 through ehe remaiﬁderﬁef the growing season.

The active layer 15 considerably deeper under hhmméck
teps than in the trgyghs between hummocks (Fig. 13). 'The
active layer in hummocks also develobs more rapidiy in the
,3pring than in'ﬁfoughs.‘ The differences in thaw patterns
are probably related to thermal conductivigy and heat flux
differences between hummock tqps and troughs (Crampton 1977
Bleck and Bliss 1980). Thermal conductiﬁity.is higher in
ﬁhe mineral{core of the-hummocké than in the oréanic ﬁatter
in the troughs. Tarnocal and. Zoltai (1978) found trough
areas of earth hummooks were the coldest portion of the
hymmocks and temperatures decreased more raplidly with dep;e

in the troughs than on hummock tops.
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Active Layer e
Depth of Thaw

Figure 12. Mean weekly active Tayer thickness (+SE) in 1977 and 1978.

~
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Figure 13. Mean weekly active layer thickness (%S
. inter-hummock troughs in 1978.
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‘ The inlediate influence of active lqger depth on plants
of/;he studstite is related to its effect on’ soil
tenperatures and length of time the soil is thawed. The
to-perature of the rooting environlent will, 1in part bé.
’detcrnined by the proximity of the frozen layer below. The
majority of plant roots are in that section of the active

layer that melts out earliest.

Although the rootiné;hone becnmes ice-free very
quinkl}. théré“can be siﬁnificant differences in the melt
ratetfron year }o year. Twelve édditional days were
tequired to melt the’ﬁop 15 em, the prime rooting zone, in
the cool spring of 1978 compared to the more hormal spring
in 1977. This différenoe tn melt rates would have been
greater.if only trough areas.rwhere most roots grow, had
been compared This lag of 12 days is a significant part of

the short growing season experienced by these plants.
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THE PLANTS - DISTRIBUTION AND PHENOLOGY ~ <.

, . -

Descriptions of the three species are from Hulten

(1968), Porsild and Cody (1980) and.my own observations
Betula nana L. subsp. exilis (Sukatsch.) Hult.

Betula nana subsp. Eilllé- hereafter referred sofas B.:
,nana. is a deciduous dwarf shrub and a member of the
Betulaceae. The shrub birches of morthern North Ameriea'are
a taxonomically confusing'grbup.’ﬁith'freqpen£ and common o
introgressive hybridizatfon between ddjacent taxa (Hu1pen

~ v

1968). The <ommon hybridization between B. glandulosa

Michx}{ and B. Egﬂgeip'the HacKenzie‘Deita region makes-
stands“of,p;re species difficult bo find or reéognize.
Alspough other names have been applied. to the shrub birchA
complex of the ‘area (Higgins and Thokas 1962 Vierick and
Little 1972, Porsild and Cody 1980) g. nana will be used in
this study to agree with other recent ecological wOrk in the
Mackenzie Delta area (Janz 1973. Haag 1974, Black anqlBliss

1980).

The distribution of B. nana'1s=circumborea1 and
amphi-beringian, with the range extending to the
southwestern coast of Greemland and to northeastern Siberia

'(Fig, 14) Its habitat in,arctic North America ranges from

“

40



. Betulg nana subsp exilis —— ' - f :
30/ Betyla glandylesa ~  ----- ' i v »
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Figure 14. North American distributions of Betula nana subsp. exilis and .
: Betula glandulosa according to HuTten. (1968)..
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1y

poorly or moderately drained upland tundra.‘to wet and. boggy_

_marshes."In the study region._g, nana is found in greatest ;

abundance and cover on moderately drained convex. hummocky

f_ sIOpes with uinter Snow cover adequate to cover the plants.

J

‘The study site had better development of the species than in .

~most sites in the region.

-

[ - N

PR

The plants are decumbent to upright and'generally-less

. than 1. 5 m tall ~ Badal stem diameters rarely exceed 4 cm.

Young stems are covered Hith resin spots that obscure
'terminal bud scars after one to two years One to five thin
orbicular leaves are clustered at each node. Plants-'are
monoeceous; with catkins arising from lateral buds along the
stem. Seeds are small narrowly—winged nutlets that ‘are -

shed in late fall or during the winter._ .

% Fleld observations suggest sexual reproduction of B.
nhana is rare in the study region‘ no seedlings were observeﬁ

during tuo summers of field research However, McGraw and
-2
Shaver (1982) reported B. nana seedling densities of 2.9 m

in Eriophorum vaginatum tussock tundra in Alaska That

tussock tundra was similar in many characteristics to the

tundra in the present study. Host of,these seedlings were

_not surviving, however (F. S. Chapin_IIl. per. comm.).

i ~

' ~ e

G

'Asexual reproduction occurs when .decumbent branches areL\
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1

~covered by lichens, mosses. or decomposing organic debris

43

C .

Adventitious roots appear at nodes. and new branches arise'f

i

from ‘the newly rooted seobion. Underground portions' of B
nana are primarily buried stem sections and adventitious
'roots that have arisen rrom these stems A buried stem cah

be seyeral meters long, with" many branches ariaing from. it -

T and appeargng aboveground as a plant'.or genet rThe

- portion of the stem from which branches arise often becomes

~

thickened into a burl like structure. The oldest section of
s l
these underground stems eventually dies and decomposes.
). 1 N
leaving viable growing tips..

(S ! v

o

s\

Thus ewhat appears to be many plants in an . area‘may

actually be multiple branches originating from the same

: stem. Plants arising in this manner are genetically\
identical. and may ‘be considered members of a clone.
Because of the decomposition of older nndergrdund stem
sections. ‘all members. of a clone may not be interconnected
‘The clonal nature‘of the species is apparent in the fall

: when leaves of some clones begin to change color before
thoae in the rest of the population. Clonal sizes. as
indicated by fall coloration. ranged from O, 75 m, to 5 m in '

diameter.»

Rooting of B. nana occurs primarily in the organie

material of inter- hummock troughs From these troughs.

Wy
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;aboveground branches grow out and over many of ° the hummock
itops. giving an appearance of nearly uniform distribution
l]even though only an occasional steém is actually rooting in

7;the drier and thinner organic material that overlies the
'm&neral core of the hummock .For field sampling ‘and’ 4
descriptive purposes. a B. nana individual was defined.as

spany stem section that appeared above a continuous grounw

cover of lichens. mosses. or organic debris.

BN

.Both vegetative and reproductive buds are formed the
summer before the growing season in which they will develop
.into leaves.~stems or flowers. The preformed buds are
visible by early to late July in the year before their final
'l development Leaf buds form as small orbicular organs in

,'the axils of - leaves. Floral buds look similar. but are

slightly larger. more- cylindrical ‘and are not‘aSsociated

uith leaf: olusters

Both types of buds begin enlarging very quickly after
snow release (Fig. S). and .at this time. are sticky and

resinous. Lan buds on sections of stem that either

supported female flowers. or grew rapidly the previous ; C

summer. enlarge mone slowly than buds on stem sections that

_had little elongation or had supported no flowers. As the

leaf bud continues to enlarge. bud scales separate._exposing

the: resinous leaf blades of the nodal cluster ‘Although/
. R . ° -—r_.‘_ /A . )
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E
three to five leaves generally for- at each cluster only
one leaf usually forms at nodes on long shoots that grew or
' ;supported flowers the previous sSummer. As blade elongation
“continues the leaves slowly lose their resinous nature.
;The time from initiation of bud enlargement to 80! of
‘ymaximum blade expansion can vary from days to several weeks.
depending on environmental conditions (see’ Chapter 4) When
leaves are well expanded male flowers begin to develop from
within the leaf clusters ' Female flowers begin to develoé
after visible development of male flowers has been .
,

'initiated Pollen release occurs near the end’ of June,
after most leaf expansion has occurred Catkins continue to'
'mature through the remainder of the growing season Flowers
begin‘'to dry aft}r mid-August, and seed release occurs from-
late August through uinterL' Seeds and catkin partshfouhd in
the snowpack indicate thethsome seeds are dispersed over

‘.

winter.

Elongation of current stems is usually initiated
somewhat synchronously with initiation of leaf blade
expansion. and continues at differing rates through the
entire growing season (see Chapten 4y, a The young stems
remain soft and fleshy until mid July when they slowly take
on a HOody character. Two types of shoots are formed; long
.shoots which generally form leaders and grow more than 1 cm'
" in a season, and short shoots which are‘often laterals and

o



usually grow leaa than 1 cm.

- . : s

|

&Gyf colorafion on aoneagi nana.clones in mid-August

larks the onset of leaf senescence. Leaf fall from some

nodes occurs shortly thereafter, althoughfmost’leaves are

retained until early September; , - RS

4

Ledum palustre L.-subsp. decumbens (Ait.) Hult,

Pl

Ledum'palustre subsg deeumbens.'hereafter referred to

as L. galustre. is an evergreen, dwarf shrub member .of the
Ericaceae Distribution of L. palustre is circumboreal and

amphi-beringian, with the range also extending to

' southeastern Greenland (Fig. 16) i ln arctic‘North America
it occurs on moderately to well-drained upland tundra. In .
the Mackenzie Delta region, L. Ealustre is best develja§ﬁon

hUmmocky, convex, upland slopes which maintain a snow cover

'sufficient to bury the shrubs in winter Lgdam pgluatre is‘
a low. many-branched shrub up to one mejer inwheignt. 'Basalj_
}U{Stem diameter rarely exeeeds 1 cm._‘Young stems are covered
with a fine, rust—colored pubeséence. while older stema are
s:ey and smooth barked. The evergreen._sclerophylloua

leaves are linear. with strongly revolute ‘margins; fhe
‘leaves are borne singly in whorla on the étem. Upper
;surfdoes are dark green. while lower surfaces are cinnamon"

b
’



P
at
=l
R . g . 9 o
o B ,
o, Lo
kg o f PR
. N
&
\

Figure 16. -North American distribution of Ledum palustre subsp.
CLT - ‘deé:umbe”ns'according,,' to Hulten (T968). . ‘ :
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brown and densely WQoly. Leaves are commonly retained up to

five growing seasons,.

)
~

Inflorescences are borne terminally and consist of an

umbel-like cluster of -white to pink f£lowers. -Sexual

‘ reproduction‘gf L. galustre In the Hackenzie belta region

-

appears to be uncommon. Only one plant positively
identifiable as having developed from a seedling was
Observed during two: summers of field research. McGraw and

-2
Shaver (1982) reported ‘over 180 seedlings m in a more open

Erioghorum vaginatum tussock community In that community.

seedlings over 20 years old often retained juvenile

morphologioal characteristios e ' o '

t

The pattern of - vegetative reproduction is very similar

to that of B. nana, Adventitious roots are formed when
?'w. \t,.

lower branches are covered by lichens, mosseff or organic
debris. .New, isolated individuals arise when underground
stems-eventually,die and decompose, leaving the Iiving

terminal ends of tne shoots independent. As with B nana,

many shoots which appear to be- individual plants are

actually branches of the same plantftﬁat‘are connectedﬁ‘

—
ad ]

beneath the ground surface. However for this. study, an
individual plant was defined as any shoot emerging from the

ground cover,
R

49
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Rooting patterns of L. palustre are also similar to

those~of B. nana,. though generally less deep. Most rooting

occurs- in the top 20 cm of .moiast organic material in the

"inter-hummock troughs, Shoots, both aboveground. and to a

lesser extent belouéround do grow onto the hummocks, but
not frequently Thus, an aerial view oft the landscape would
reveal corridors of L. galustr in the inter-~ hummock trougbs
surrounding L galustr free islands. formed by the hummocks

Floral and vegetative buds of L. palustre ‘are

'preformed becoming visible in late July of the year prior

: 2
. to their eventual opening. Both bud types are terminal on

3
shoots, witW}florel‘buds being much larger and more globose.

Evergreen ieaves.of L. palustre overwinter in a
pendulous, nearly vertical aspect Anthocyanin in the leaf
blades give overwintering leaves a deep purple cast When
plants are yncovered at snow release. usually at, the end of
May. leaves slowly regain a dark green color and the
horizontal aspect of normal ' summer conditions, Leaves
generally lose ‘their winter coloration and pendulous—
orientation by Juiy 1. Movemenm,of leaves from the vertical
wihter position to the horizontal summer condition does not
occur in the same sequence in all L. galustre individuals,

Leaves on some plants are- reoriented basipetally (top to

bottom) or on other pPlants acropetally (bottom to top) with



e
! . : R .
only those plants with very-few leaves ohanging

'synchronoualy.

All eurrent.leeves of L. gglustre begin‘elongation in
the single preformed terminal bud. Viaible enlargement of
the bud does not 1mmediately follow melt out, but begins
after ‘a lag of one to several'weeks (Fig. 15). A large.

- portion of total leaf elongation occurs while the leaves are
still in a* tight vertical bud-~-1like formation that is
maintained after bud seales have abscised The new'leaves.
anf%thus the new photosynthetic surfaces, are not emposed
significantly until this vertical orientation chang:; to the
normal horizontal orientation of summer leaves, This change
in aspect 1s associated with. stem elongation, and does not

ur

usually begin until after July 1,

Floral bud enlargement does»not aiuaye oeeur
concurrently with leaf enlargement. -After. flowering,
maturation of the floral capeule continues through the
.remainder aof the growing season. and seeds are released in»

-
late fall before snowfall

Elongation ova Ealustre stems begins at the end of
June and continues until maximum elongation 13 reached near
the first of August Development of a floral cluster on a

stem stops all-further elongation of that particular a&em.

By ¥4



S - 82

Lateral shoots may develop below the floral eluster either
the same year in which flowering takee place, or'in’the year
after flowering. Lateral shoots that do deveiop in the same

growing season are generally less rqbust than developing

shoots not associated with a floral cluster.

ra

Vaccinium vitis-idaea L. Subsp. minus (Lodd.) Hult.

»

o

-Vaccinium-vitis—idgeg subsp gi ue. hereafter referred

0

to ae‘V vitis-idaea. is a low, creeping. dwa?f evergreen

_shrub in the. Ericaceaeﬁy Worldwide distribution is ' o
circumboreal with New World distribution amphi- beringian.

with a range extending to Greenland's Wwest coast (Fig. 17)

The arctic North American habitats of V. vitiss- idaea range

from wet, mose—dominated bogs. to poorly to well- drained

r

apland‘tundra. In the Mackené?hgbelta region, V,

vitis~idaea is best developed on moderately to well drained

Slopes with little overatory cover.} The. atudy site

‘represented typical habitaﬁﬁﬁér the species but not that in

- .
c

which the species achieve i@i greatest abundance or cover,

9#\
%
:
3

-

The snrubs‘are decumbent to creeping. and attain more
? .
than 10 cm in height only in the moist low light gonditions

.Which oecur in inter—hummock troughe under a dense canopy or
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-~ Figure 17.. North- American distribution of Vaccinium. vft%sﬁh&é&'s’ubﬁ.:'v._j'.i" o
. - ~minug dccording. to Hulten (1968). - T S S
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L

. B. nana.or L.'Ealustre. Basal stem.diameters rarely exceed
3 mm. The evergreen, coriaceous leaves are obovate. with

i

reflexed margins and are arranged alternately along the = .
stem, Leaves can be retained for up to eight growing
Seasons, but three to five seasons is more common.-

As with the other two speoiee in this atudy.,!,‘

vibis—idaea infrequently reprcduces via seéxual means. Only

one seedling or plant identifiable as having originated from

a. seedling was observed in two growing seasons. Fewer than’
: -2

twc seedlings m were found in a Eriophorum vag natum

tussock community in Alaska (McGraw and Shaver @baz). The

inflorescence is a terminal cluster of pale to dark pink

v

Tlowers. Fruit is a bright red berry.

.
1

Unlike B. nana and L galustre.{which root almost
exclusively in the inter hummock organic debris, 'V,

) vitis-idaea roots in nearly all microtopographic sites
. R . I . ,
within this general habitat type. Vaccinium vitis-idaea has

R

. trUe rhizomes, and 90$ of its rhizomes .and adventitious

.,roots grow in the top 5 em of organic material on hummock

L'tops. or the top 15 cm of the orgsnic material in the o

N ’

}f:troughs. S '_ N o ' T

’ .

As ‘with- L galustre. Y., vitis-idaea leaf buds -do not

‘Li‘enlarge immediately after snow release. but exhibit a lag of

L
’ L

i ) . ’ 1
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several weeks (Fig. 15). Mueh leaf expansion occurs within
“a tight bud cluster. and individual leaf surfaces generally
do not become expoaed until stem elongation Separatea the

findividual leeves. The leaf blades are. initially light

green and non sclerophyllous. The color of the leavea'

reddena with exposure to light after they begin to separate.

b

and sclerophylly begins to develop Several weeks after leaf

exposure.

Flowering, and thé exposure of the new leaf blades,

(3

begina after July.' Green berries are visible in early

t

August, and ripening extends into September. Many of the
ripe berries do not abscise in the fall of - their yea of
formation, but remain attached to-. the plants until- the
'following spring.

The pattern of stem elongation in v. _igi -idaea is -
very similar to that of L. palustre..starti ng ih la e“dune.
continuins through July. -and ending near the beginning of
| August.‘ Development ef the terminal floral cluster also
vhalts all further elongation of that stem. Unlike L
' galustre however. no 1ateral shoots’ regularly appear below _
the floral cluster, In later years a lateral shoot may

develop somewhere(along the stem. but its position or time

of apppearenee cannot ‘be predicted

55



LEAF AND STEM GROWTH

i . Methods

N

. evaluated by determining leaf blade elongation, leaf weight

Seasonal lear growth ‘of the three shrub species was

gain, and increase 1n leaf surface at intervals frkm bud

break in the spring to either leaf dormancy or leaf:
.'abscission in the fall. Sampling design for this leaf
.growth analysis was double sampldng (two phase sampling)

(Cochran 1977). Length of leaf bladesnwas‘measured directly
‘ .
while weight and surface area were derived by regression

estimation frqm the leaf 1ength measurements.

b

In 1977, 20 individual plants of each species were

{

's;}ected in. a 10°.x 10 m. plot and marked with an

J

i entification tag. On each B, nana plant leaf buns at
‘l.three nodes were additionally selected and marked CAll
nodes: selected were on stem sections which had significant
.elongation the previous year and. which ‘Wwere in the upper
' part of the leaf~canopy. Each node produced three to five.b

NS

leaves, and thus 9 to 20 leaves were measured .on each plant

As leaves expanded, lengths pfileaf plades‘ueref‘T
measured to the tmearest 0.005vcmvusing'hand'held.calipers.'

.<~Maps of individual leaf'positions‘at‘each nede were drawn to

-
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.allow each leaf to be re- identified and remeasured at - later f”

isampling periods. Betula nana leaves undergo significant

-_elongation while still within a relatively unexpanded bwd in

~the early portions of the growing period f Measurement with
_calipers at this time would have resulted in leaf tissue

damage that may have affected\later growth {"' o

/
N

In order to avoid this damage. yet still obtain an..

“estimate of leaf elongation within the expanding bud" a
k .

regression technique was’ used. Twenty buds from _hon- tagged

‘_plants were : harvested the lengths of the buds measured andh

v -

then the buds were carefully dissected A mean length of

the enclosed IeaVes‘was calculated and these values used in

a linear regressiqn of. length of leaf on length of bud
y .

This }inear relationship was then used to convert bud

P

lengths measured at the marked nodes on the tagged plants to

a meah leaf length value for the enclosed leaves Hhen buds

_had expanded sufficiently to allow measurement of the leaves

without damage. measurements were made every five daysﬂ
B

during the period of rapid elongation and every 10 days in

_the remainder of the\growing season

A
T

Three to fOUr times durihg the growing season. leaves'
‘were collected randomly from plants growing_near the~plot of

tagged plants. ,Ihe.length of;these»harvested leaves“wasi

measured and eachlleif'wasfweighed,‘_Eear surface area (one

¢ B B i - P . .
. - oL .
! ' s ' = s . e
] | . ‘ \\/
R . . = ' v
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A}

f.sidel uasﬁdetermined uithfa Planimeter.’ NatUral logarithmio_

L

transformations of - length deight and area were made,'and

| linear regressiOHs were calculated to descrios length on

- ’

weight and length on area relationships . These linear

'i relationships were then used to estimate mean 1eaf weight

,and leaf area from the measuned leaf length values.at~each
. . - .\/' v _‘ . P , 3 . .

"sampllng-period:

| Estimates of parameters caloulated‘hith 1inearw
regressions based on 1ogarithms tend to underestimate the

true parameters, in this case’ mean leaf weight and mean leaf

1

area, when retransformed to arithmetic values (Baskerville

1972, Beauchamp and Olson 1973) " To - oorrect this bias in

'cthe estimated values. meéan 1eaf weights and meap leaf areas -

» s

fwere calculated from a fonmula derived by Baskerville

(1972): . P . S RN

Feerevar o

_where: § = estimatedmean in arithmet'lc uni |
49 = mean of dependent variable 1n Hnear regression
-02- samp]e variance of the logarithmlc equat‘ion .

Hhen using ‘a double sampling technique tQ estimate.

means. two sources of er;or must be accounted for' error

- . s - T

associated with the. linear regression.'and error associated

with the primary sampling.'here. on*leaf length measurements '

A

on the original 20 plants. To aeeount for”botn error

. R Lo . = . . . :
’ . ] s
. r . , . N [N
. \ v .
. . . - . i
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sources,vCochran,s -odified fornula (1963) for use ‘when
L regression samples are selected independently from prinsry

samples. was used in the cslcula&ion of. the sample varianee

- of the logarithmic equation.k

—=Sy(1-r>[‘+c‘ .)1—37]+(My>
sample variance of the logarithmic equat1on ' :
Ly? /-degree of freedom ., . e
regression coef1c1ent of determinatién -’! o
sample, sizé in.measured sample = s

sample size in reareﬁsion sample i

where: ¢?

..,
N ENE

This calculation produced a variance estimate expressed in
natural logaritbms which is an underestimate of the true

il

.value when convented to arithmetic units. Baskervil;e.S‘

(1972) correetion'for this bias was used'-'

. t

. L - N a‘ _ (20 + 2y) (0 + ny
. ' . A

‘ where' °A = estimated variande in arithmetic units

P4

‘92 = sample variance from: Cochran s formu]at-

. Y = mean of 1ndependent var1ab1e 1n regression equation

, -

‘A series of these oomputations nas thusﬂused tn-the

- conversion of leaf lengths. measured in sité esoh“sadpiing

co period . to estimates of leaf weight and leaf-area and their

associated variances. Initially,zoo leaves were used for

1 o4

‘ the ;egression procedure, but anaLysis of cdvarianoe

3

>

'revealed that 50 lesves produced a relationship that was not

~

signifieantly differeut from that derived using the larger

"5 numberq Fifty to eighty Ieaves were used for all later

eomputations.

)

4

P - . . « i

RS ,
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- the study and thus the regression eQuation of 1977 was used

*

ID\IEZ}/-ethOds were changed only slightly. To reduce ‘
S ’

ueasurenent time, 10 plahts instead of 20 were used

o8

reducing the nunber of nodal leaf groups fro- 60 to

'approxi-ately 30 ‘Of the'B nana nodes tagged in 1978, 63%

had also been tagged the previous year. The meaSurement of

leaf length was halted in 1978 when 901 of blade elongation

had Occurred (July 17) based on the previouiﬂyear s data. ;.

A final measurement of blade lengths was made in late August

during leaf senescence.

‘

Procedures for L. leustre were similar to those
desoribed above ; For~ L galustre, leaf clusters from the

terminal bud on three shoots of each individual uere chosen

instead of three nodes as in B nana. OnLy the outermost

‘four to six leaves from eaCh bud were measured 4in 1977. and

s . :

the outermost seven to eleven leaves ‘in 1978 In addition.

-

seven to nine overwintered lé%?es produced in a previous‘

.season uere measured on each stem at. the beginning and end

of the growing seasoni In 1978 the number of plants sampled

t

was reduced to 10, and no overwintered leaves weredheasured

8

The analysis of oovarianoe suggested little biological

differenoe between the ratio of 1eaf weight to leaf length "

in the evergreen leaves or L galustre in the two years of L

..-l\

again in 1978 .~h' - _ ,i; S 1”' o

60
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_ Techniques used in the measurement cf y. vitis-idaea

were similar to those used for L. galustre. Only one bud

per V., vitis-idaea plant was. selected and- a11 leaves uithin
1that bud were’ measured Several overuintered evergreen
‘leaves uere also included in 1977 No regression estimate
of leaf length inside unexpanded buds. was completed because
: of the small" size o;—such buds and leayes.A Twentygplants
were used for measurements in 1977, andA10 plants ﬁnii978:

‘Stem elongation was the only characteristic of stem\
}growth directly measured in the field Stem elongation was
' determined by meaSuring the distance between terminal bud

-~

5scars and the base of the terminal bud Measurements were,
)made on . the 'same dates leaf growth‘meaqurements were taken.

:In 1977 three marked stems on each of the 20 B. nana plants

were measured In 1978 one stem per plant of L galustre

and V. vitis-idaea were measUred in situ.w

2

-

. However in‘197E an additional indicator of stem
,elbngation“wasVused‘ "All current year stems from:plants’
harvested ‘at " intervals throughout the growing season for

biomass estimation (see Chapter 5) were separated measured.

K -~

e

and a mean length calculated In 1978 30 L galustre

“plants were harvested and annual stem length 1ncrements

’
v

measured using old bud scale scars. A maximum of 12 yéars

4

of increments were measured on each stem, with fewer-

T



increqenta measured on some stems. Because the growth of

.stems stops after deveIOpment of a terminav‘floral bud- in L
Balustre. only stems which had not flowered in those years
‘could be used ‘as a’ record of past growth Correlation

analysis with estimators of environmental conditions was -

J
completed

~

Results

o

| In all three speciee. differences in pattern and
magnitude of growth as measured by leaf"and stem

- elongation, leaf weight gain,,and leaf area deuelopment;
.existed between thé two.yeers of the studya Patterns and
magnitude of growth also differed between the éhree species
" and botween ;eciduous and evergreen growth forms.

f&,, Leaf elongation in B. nhna was initiated nearly two
weeks earlier in 1977 than in 1978 (Fig. '18) Visible_
equnsion of the lear bud on most plants occurred in the
first week of-'June 1977. while in 1978 expansion in most‘

plants uas not visible until the third week o; the month

Expansion was relatively synohronous in 1977;»with 1eaves'

expanding at about the same time in all plants and’at the

B B

- .same time- amongst all canopy positions on_an individual

’

plant Leaf expansion was less uniform in 1978. 'Bud

- enlargement was first noted in the’ second week of June in

> .

62
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-_'thoae huds on branches in~the'topographic depreSSion'of the
interAhummock”troughs,‘while the buds on upper ’exposed
.canopy branchea did not generally begin expanding until the
third week of the month. By June 19, 1977. '95% of maximum
expansion had been reached while in the next year, full
expansion did not occur until July 7. Leaves developing in
upper canopy positions achieved full expansion later than

-

the. lower,'more protected leaves in 1978

Once initiated, the rate of leaf expansion in 1977 was

'”..more‘rapid wlth 95% of maximum leaf length being achieved

”‘fin under two weeks. while the Same degree of expansion'

© 64

required nearly three weeks in 1978~ Maximum leaf length in

1977(was 25% larger” than the maximum leaf length developed
thegne}t year. Both the maximum and the minimum size of

sampled leaves was reduced in- the second Year of the study.

The pattern of B. nana leaf area deveiopment closely
/

followed that of leaf length (Fig. 19). Leaf surface area

4

.deVe&oped vapidly after initiation of growth in the. spring.

reached a maximum by the first week of lﬂ}y. and remained

9

constant until leaf abacission in late August and September.“

In 19?8 areal development was initiated tuo weeks later

than the previoua summer and the expansion of the leaf blade

was more gradual during the first week Though a period of

-

slower expansion was initially nbted in 1973“‘the maJority

S
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Figure 19. Mean surface area (2SE) of leaf blade {one side only) in.
~ Betula nana. L L L .
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rof total expansion occurred at the same rate as the previous
A

year. Leaves reached 95$ of their maximum- surface area by

June 27, 1977, but the Aame level of, expansion was not:

recorded until July _ 16 1978. Leaves that developed in 1978

,were signiricantly smaller than those 1in 1977..with maximum

mean leaf area being 631 less.

This general pattern of leaf length and leaf area
development was also present in weight gain’ of B. nana
leaves through the growing season'(Fig -20).: Weight gain inn

1977 began shortly after snowmelt Leaf weight rose rapidly
‘until the first week of Julwdand then remained constant
until mid August A weight loss or 131 was noted just priar
to leaf drop in the fall. In 1978 weight was initially
gained more slow&y, but most of the total weight of leaf |
tissue was ‘eventually gained at the same rate as 1977. As
with the other leaf growth characteristics.‘?eight gain in
1978 lagged behind that of 1977 by approximately three‘
weeks. Mean leaf weight at peak season in 1978 Was RO to
50% less than that attained the previous summer “No weight
’drop was noted before leaf fall in 1978 L

o -

The position of a leaf within a nodal cluster affected

the final size of the leaf Leaves on the outside of the

nodal cluster, the first to be exposed when em@rging from
o

the bud scfﬁes were smaller in surface area and 1ighter o
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;‘than those developing 1n the centcr ot the cluster (Figs. 21

and 22).» The inner leaves continued growth ror slightly

68

-longer than the outer leaves. and their growth occurred at a -

' higher rate.; This developlent pattern uas sinilar in both

years of the study except for that of léaves in positLon

.four. the 1nner most leaves in ‘the’ cluster. Leaves dn this
position were tho largest 1n 1977, and, the smallest fn 1978.
The accuracy of the estimate of mean area and wéight ror
'position four was reduced in both years by the relatively

t

small sample sizes (n= 4) and thus this difference between

~

' years was probably not meaningful o o '/'.7' ot E

- \ ‘!

The grouth of current L Ealustre leavesvbehan~1ater.in,;

the growing season bhan the grouth of B nana leaves. and;
much of the early leaf elongation (30“705) occurred while
;the leaves were still tightly bunched toﬁether as they
expanded from the bud (Fig.'23) Time of 1eaf growth
initiation did not differ significantly in 1977 and 1978.
-.Bud scales covered the elongating leaves until the first '

week of JuIy in both years of the study. Aftef expansionf

from beneath the bud scales,sleaves continued elongating

r

until maximum length was reached in the last week of July.l_vu

'

‘ period of one month from etposure to full expansion. in
general leaVes on the outside of a bud began development
bﬁfore those In ‘the center of the bud Thus. the 1ast

u'leav;s to expamd were those nearest the terminal bud The7

i"
. .
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rate of elongation in L. palustre was slower then the rate )
in B nana. Haxilul length of measured leaves was greater.
" in 1978 than in 1977 reaching 0 9 cm im‘}he first year and
1 3 cm in the second year.: One and ‘two year leaves showed
".no evidence of cdntinued growth beyond that of the first
growing season

Development of current leag area in L. palustre ‘h~ ;?\
followed a pattern similar to that of leaf elongation (Fig;
2#);f Surfaoe erea increased slowly from the rnitiation of~“d
bud expansion in late June until maximum expansion was j7~3
achieved This rate slowed in late July of both 1977. and
1978. but expansion did continue until Just before leaf
dermancy in the'fall Host leaves were near fulk‘expansion,vf;
for the whole month. of‘August : Haximum leaf area (one side)

in 1978 was nearly twice‘that of 1977. :

Height gainpin current year L. gglgstne leaves did: not
follow the pattern set by 1eaf elongation and. leaf surface
area development (Fig. 25).~ Weight did not approach a
maximum in late July. but continued to increase until the'
end or the growing season._ The rate of this weight gain was
‘relatively uniform throughout the growing season. -There rasfbie”“
no difference in the time of onset cf weight gain in 1977 ‘

and 1978., However.jourrent leaves in 1978 weighed more than S

' those developed in 1977.u Mean maximum weight 1n 1978 waspy

..1“/ - ) o ;o

ST /
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: mg em " fn 1978.

[N
i

: greater than 3 75 ig while nean maximum weight in 1977 was

less than 2. MO mg.ﬁ Denaity of leavea. based: on dny weight

was similar in the two years° 0 0194 mg cm. in‘1977. 0.0176

-2

B

The pattern of leaf growth during the growing season in

'v_.,vitis-idaea was very similar to the other evergreen

B
P

. relative to 1977. and this lag’ in gr

75

species in the study. L galustre Elongation oflthe leaf R

blade began in late June and continued until maximum size

was reached in mid tc late -July (Fig. 26) . ’Quantitative

) measurements of V ‘vitis idaea leaves in early stages of

.-, “

development were difficult because of the extremely small

leaf sizes. ‘and thus no data are available for this period
Hoyever. bud expansicn and lear growth did begin seveﬂal

weeks after that in B nana and about the Same time as: L

Qalustre. Time{from bud elongation to maximum leaf size was

the same as for L galustre. about one»month A«lag of.7 to

v

14 d in the initiation of blade elon'

n was,noted.in~1978

continued until'

maximum'aize was'reaohed No furthur'blade elongation was

evident after the last week in July in either year, ,Mean'

»

' maximum leaf length was s{ightly greater in 1977._{ut'this

difference uas not statistically significant

ﬂ/ r
. Leaf growth did oceur in ‘a- sequential manner in y.
vitis-ida The outermoet primary leqves were the tirst to

v

fy .
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fon in Vaccinium yitis-idses. Valués sse,

¢ = Teaves' deyeloped inthe current growing season; c+IL =

- one year-old leaves:
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expand. and expansion of inner leaves occurred later as the

('mtem elongated ' Thus leaf expansion in V vitis-idaea was.

not synchronous, but developed in relationship to position.'
withinﬁthevbud and therefore position along the stem.
_Current leaves at the tip of a vegetative ehoot had the' § 1
shortest exposure and thus photosynthetic period and leaves ;?
near the, bud scale 8Scars of the previous year had the
‘}"longeat; The outermost leaves in the bud grouping were'

| generally bract like. and usually abscised by mid growing'

season, A small photosynthetic surface was present on these ’

“bracts, however their contribution to the total carbon
f vbudget of t&e plant could not have been large. No evidence'
dof elongation of one or two ‘year overwintered leaves was - . BN
noted.r" ”.;b‘hlcf‘ ‘f l o e ”'_i |

o 3 o .

Surface area increas

of V. vitis-idaea current leaves'

essentially paralleled tvat of lfhear leaf growth (Fig._27)

Photosynthetic surface of the leaves was first exposed in
. oy
late June and reached a maximum by the end of Jqu._ A lag ’

fip development of surface area was noted in 1978 relative to
- .
~that in 1977.‘ Current leaves grown in 1977 had a larger -l”
surface area than those growg/in‘1978 but the difference. R
'yy"a’ not aignifid@nt lef' Bl S : 2

.:l Heisht 8ain in V vitis-idaea did not parallel the gain
in leaf blade surfaoe arfa or blade lensth (F18~ 28)' 25'“1f{v”

x.'_ N »
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Height of leaf tissue inoreased at a relatiVely constant

rate throughout nost of the grooing season with no plateau o
v .

in early August as ocourred in B. nana., Peak leat weight
was reaohed at the end ot the 1978.grouing season. however
in 1977, a. slight decrease in mean leaf weight was}observed
at the end of August This weight drop wds not significant 1 .;.lﬁ
statistically. Lack of mid August sampling data in 1978 mayﬁge
“have prevented the obsgrvation of such a drop, if it did o
exist \in that year.; Growth rates were similar in both .
years. though Weight.gain in 19'% was de_layed by one to two
weeks.» Though leaves were heavier 1n 1977 than in the next
'summer, the difference was not signifioant Peak tissue '7_fﬁfff:i
density was 0. 0163 mg cm‘z in 1977 and 0 01&6 mg cu-? in
1978. i}- “: B R o R _yi. B
if 'fv l Leaf longevity in B nana was. generally less than 90 drn‘j<”5
| uith leaves being retained on the plant from the first or.

- N

-:second yeek in June. to the first to third week 14 . :7'
¥

' Septeﬁ%er . Leaf longevity in L galustre was evaluated by
oounting leaves and leaf scars in different leaf age classesf‘
at mid season (July 10 1977) (Fig 29) " A large percentage

- -'_.'5

(421) or leaves were still present in their foarth

photosynthetic season (current + 3 yr age class) Hany :1fﬁyf*“

fewer remafned in thetr fifth photosynthetio season, and

most of those abscised by/the end of that year'“ Thus._o»er

haIf of the leaves of L. galustre survived for threei'ﬁ*?f“

-
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Evaluating V. vitis-idaea 1eaf ;longevity .. ‘was more

difficult because - of its determinate growth (see Chapter 2)

'Stems stopped growing after producing a flower. and .

therefore estimating age of leaves on~mo;§'stems was : f

impossible. In some cases, however, it eould be seen that

leaves survived at least four to eight years.*
- !}‘.l A ;'

.
l

General patterns of stem elongation were similar in all

three species with timing of initiation differing between

growth forms (Fig. 30) ' Ledum palustre .and V vitis-idaea

had nearly identieal patterns of stem growth Elongation of

_stems began in early July. with Stems reaching maximum‘

’

.lengths by the end or the month. Betula nana stem growth

began much\earlier in the growing season. with elongation
noted at 'the end of the first week in June,.1977 Ihe
elongation phase in B, ngn ‘was longer than in the eVergreen

shrubs. extending to the beginning of August when maximum

‘lengths were reaehed, ‘Stem growth of B nana had a similar.'

'pattern in both'years of the study.v The¢Much,ama11er stem

used' In 1977..stem lengths on shoots that had been -

.lengths.in'197& are an artifaot of - the sampling procedures

aétively elongating the previous year were chosen for ‘_tlj

measurement and the same shoots were measured at each

Asampling.” In 1978 shoots measured were subsamples of all

82
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. Y
shoots on harvested plants used in ag analysis of biomass :
partitioning.u These subsamples included many smaller shoots
with mueh less elongation than those measured in 197&

1 '

Stem elongation in L. palustre from 1966 to 197,

v‘presented in Fig.\BTu' Much year tpé}ear variation ; g
*growthvwas present. Mean annual st growth over the\12'
years sampled was 0. 87 cm with” a mean maximum growth of. 1.03

cm in 1975 and a mean minimum growth of 0.69 cm in 1971

r

Disoussion D o C ’ ' o o “%’

" A dominant feature-of all B, nana leaf growth
characters in this study. was the very . short time period
from initiation of bud expansion to near maximum‘ .
‘development Leaf length ‘weight and area all increased
-very rapidly over most of their expansion phase The first

i—leavos to develop, those on the outer edges of: a bud leaf o
”oluster began grouth ‘the earliest and aehieved maximum ‘i. ':f -
levels in the shortest period of time. Leaf 1ongevity in-
deciduous arctio shrubs such as B nana is usually 90 days,

_or less.ﬁ A net positive carbon gain must be exhibited by ) ' ef
'the leaf at the end . of this period if the leaf is to make a
'benefioial oontribution to the plant : Compressing leaf j":f:7

development into a very short period after the initiation of .
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“ﬁb growth naxinizes the tine of full photosynthetic competency;

. f,~day functional period

‘of peak insolation. ‘

.ftemperate deciduo's shrubs (37+/ u mg CO dry Wt hro |

N . Tt T e
g

K

and the opportunity for - repaying~the carbon debt incurred

- .

-fron tissue developnent and laintenance.L Hooney an7/63:@on

‘(f@BZ?‘defihe the net benefit a plant receiveay?rom a-l af

to be thewrate of leaf carbon gain tiges the carbon gain
)
.y

: period minus carbon cost ‘of leaf growth and minua the losSesﬂ

froﬁ erbivory. Thus an i*&rease in the perLod/pf carbon

i‘_gain provided by a.shorting of development time would

increase the potential for ah individual leaf to. make a net

?

‘i’ positive contribution to a plant within the limits of the 90

3. S

s

Y . . ! . . i

Leaf expansion in B. nana generally occurred at or:

-after the annual peak in incoming soiar radiation ' Mean‘~

monthly shortwave radiation at Inuvik in August is only 621

'A:of that received in June, and July’ s radiation is only 931

T of the June amount (Fig. 7).- The rapid rate of leaf

/expansibn in B nana aoon arte( snowmelt insured that

':fmaximum photoaynthetic surface was exposem near thia period

photosynthetic capacity typical of many
-1 =1 =

Hi
%

2.

f(Johnson and Tieszen 1976 Limbach et al. 1982) This

potential for relatively rapid carbon gain is ancther

.ﬁositive character in Mooney and Gulmon 8 leaf cost benefit

'\
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‘analysis. A high photosynthetic capacity increases the
. potential of a plant for photosynthesis at high rates and

thus the ability to achiéve a net positive carbon gain over

s ’a short leaf life. Both high air and uppOr soil' :
. ¢

temperatures ean be present in early to mid June (FLg 5) at

- the study area, and oombined uith high radiation levels and

k)

(adequate soil moisture from melting snow and ground‘ice.»

o

conditions can be present that would support high ra@%s of,
. *
photosynthesis.' Thus rapid leaf growth in B nana allows it

‘to take advantage of these appropriate conditions and ¢
. N o
N maximize the possible carbwn gain A D

Y . , , . L e s
; . .

. P
- A

n . : P o Y.
The carbon cost of leaf development in B. nana. as
represented by dry matter deposition in leaf tissue

N ‘e

Brimarily occurred earl;\in the growing season (Fig 2 );

181

Additional .costs at this time came from high metabolic rates'

'

that exist during periods of rapid’growth (Mooney 1972)

VThese are not accounted for when using dry matter deposition |

EY
‘as an indicator of development costs. “This concentration of

~

,dry matter produotion in early season also coincided with

the maximum radiation load If- the maximum photosynthetic_ﬁf"

potential of B nana exists in- June and July because of the

_shigher levels of radiation« temperature, and moisture then

it would be benefic 1 for structural development in such a

\N\ "

ake place very rapidly before or durihg

deciduous leaf to

this period to aximize this potential In this waY. the
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.fully developed 1eaf could very rapidly begin making a

‘:carbohydrate contribution to the maintenance of its own

NS

utissue as well as potentially exporting xcess carbon to

gother compartments of. the plant to replace that used in leaf

construction. ‘ -
Lo . L R
“a ¢ - - v -
. .

—

The rate and timing of lear development in g.‘nang_
l » s

"appeared to be partially dependent on temperaturep as

indicat;d by differences in development in the two years of
the sbudy.: With a delayed snowmelt in 1978 and the cooler
'temperatures that followed the eventual snowmeht theremwas-.

" r e

'?--also a concomitant delay in leaf development Rapid leaf

ﬁexpansion diq not oc&ur in either year until appfoximately

.

1100 degree days had passed after snow release (Fig Q)

‘-f_however. thls,point was passed nearly three weeks later in

‘1978 than in- 1977 In the cool Jupe of 1978 ,expansion was
,delayed, and &hen began slowly and only in selected 1eaves

-until warmer temperatures arrived Once temperatures

-

'.increased expansion and growth . rates were similar to those

-noted in June of 1977

3 .
t

Additional evidence for temperature‘dependency of 1eaf
.growth came from the differential ‘timing ‘of initiation of
'expansion in/?978 The time when 1eaf growth began Varied
:ﬂwith topographic and canopy positioué\HJ}hough only .

tqualitatively obserVed those 1eawes near the ground in

“



2
<

g lower canopy positions and in- hummock troughs dfd begin

growth substantially before the more exposed upper canopy

'leaves. .These earlier\expanding leaves also reached maximum

) -

expansion beforewothervleaves*' These leaves were developing
within the earth S boundary layer, which has reduced air '
turbulence and less mixing of warm surface air with that
from cooler upper areas fand resuléed in. significantly
wermer temperatures near the surface (Campberl 1977)(Fig.

-

6). The temperature df?ferential that was created by the

'boundary layer only appeared to affect leaf development in .

. »

the early part of the growing season and at temperatures in _

"&

the lower range experienced in 1978 (five day means
. .0
generally between 4 and 5 C) No significant differenoe in
onset of\\eaf expansion was noted amongst canopy positions
in June of 1977, nor 1ater in the growing_season.

Low- soil temperatures may also have had a’ role in

\delaying leaf development in 1978 Much evidence appears in

the literature suggesting that low soil . temperatures cahv

: inhibit water uptake (Kuiper 1964, Courtin and Mayo 1975)

Y

and reduce nutrient availability (Chapin 1978, Ulrich and
Gersper 1978), both of which could easily reduce growth
rates of aboveground plant parts. - Thus, the reduced and
delayed growth rates of B. nana leaves'in early and mid-June
1978 may have beenfan expression of bothmlower~sotl and air

temperatures.
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Hooney and Gulmon (1982) noted that deciduous plants
.produce leaves with a. lower specific weight (ratio of dry
“weight to unit area) than evergreen leav 5/ Leaf specific

weights of between 0 0005 and 0.0008. fo. B. nana at peak

season in 1977 and 1978 were generally hal£ or less than‘
IR ‘8
thgse recorded for the two evergreen species in the study.

Thus in the dEciduous shrub,,less carbon is @ommitted per
'unit of photosynthetic surface area than in - the evérgreen
‘shrubs.k That deciduous leaves have a lower initial carbon\
'_cost than do evergreen leaves (Miller and Stoner 1979) can

be partially explained by this lesser carbon commitment per
»unit of photosyntbetic surface.. If carbon committed to leaf
fstructure was greater in- these leaves. their ability,to
provide a net positive carbon gain to the whole plant by the .
‘{end of their 90 day photosynthetic lifeSpan would be

\

.reduced

1

. Johnson and- Tieszen (1976) found that B - hana.leaves in
the wet tundra of northern Alaska lost weight throughout
.,August after reaching a peak at the beginning of the month,.

Leave they measured dropped from a peak weight of,

approximately 2 O mg to under 0.2 mg before leaf fall «fhis

)

~Welght loss occurred in all leaf positions at d node Other
oy | .
‘deciduous species'in their study. Eriophorum Sp. and Salix

sp., also exhibited this maJor drop in leaf weight at the

end of the growing seeson, This pattern 1s very different
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fron’that ofrthe B nana in this present study. and I can

.offer no. biological explanation for this difference.

- Johnson and Tieszen failed to present

uith their data however and thus no e

significance of their findings can be

funlikely that a leaf would lose enough

‘in the fall to allow its weight to app

suggested by their data.

3

':ference in Peak leaf weigh

’ul‘an site. ‘and at the Mackenzie

ﬂexplained by the occurrence of hybridi

any error estimates
valuation of the
made. It‘seems
\structural material

roach zero as

{

ts between those 'at
Delta site may be

zation in Betula.

.'HybridizatiOn between B nana and B glandulosa is common

'_(Hulten 1968), and results in a plant

than g.‘nana. Such hybrids were commo

and were among the sampled plants.

.

Both eVergreen dwarf shrubs in th

. growth several weeks after deciduous B.

growth Hpen the snow melted in the s
layer had thawed and overwintering pla

dormancy, such.evergreen shruba as L.

-vitis-idaea already had in place a set

leaves with photosynthetic potential

with larger leaves

n in the study region.

e study started leaf
nana started leaf

pting, the active.

hts came outjof

palustre and v.

of fully developed

There was no need for

immediate carbon commitment to development of new competent

photosynthetic structures During the

"

period of metabolic

91
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aotivity after snowmelt carbohydrate reserves of‘the plant
are’ used instead to reactivate photosynthetic structures in
ythe -one year and ‘older’ overwintered leaves (Mayo et al.
1975) Internal changes that are needed to regain
photoaynthetic competency include production of chlorophyll
(Tieszen 1972) and reaynthesis of euch enzymes as
carboxylase (Tieszen 197“ 1978)

This development of photosynthetic competency in

overwintering leaves occurred rather quickly in L. palustr

and V. vitib—idaea. Older leaves of both species exhibited
o
active photosynthesis by mid-June, 1978 when they were

checked forfthe first time (Figs. 47 and 53) (see Chapter

. T). Mayo et al. (1977) demonstrated that high arctiec

~populations of Drya ntegrifoli another evergreen.

apecies. could fix CO poaitively within four or’ five days
of‘snowmelt . Althougs older leaves of L palustre and !;
!1313 igggg began to photosynthesize shortly after snowmelt
active and rapid grouth of current leaves began only after .-
the start of carbon export froam older 1eaves

Elongation of current leaves.in L. palustie and V

‘vitis-idaea began at the same- time and proceded fairly
.rapidly once initiated.-though at a slightly slower rate‘
. than B hana, Current leaves of both species had reached

near maximum length and near maximum surface areas by the
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third week in July, slightly past_the-lidpoint of the
growing Season, and vell past the period of maximun
insolation. Because the evergreen leaves of L galustre and

. . .:e
y. Vitis-idaea are retained on average for several growing

seesons an 1nd1vidual leaf .does not need to have a net
positive carbon contribution in 1ts first'growing'season.'
Therefore, the relatively late season development of’ leaf
'surfaoe in the evergreen shrubs does not limit their'
potential contributions nearly as much as would a delayed
;development in a dec;duons shrub. A one week delay in an

‘evergreen leaf. is .a mueh smaller percentage of its active

life than is 2 similar delay in growth of a deciduous leaf.

1

The cool June of 1978 did not appear to affeot the
timing. of leaf growth in L. galustre and V. vitis- igggg as
much as 1n.B. nana. L. galustre leaf expansion ‘was o
initiated at approximately the same time in both years.
However .leaves measured 1n 1978 were significantly larger
'than those measured in the summer of 1977. opposite ‘the
pattern observed in B nana The leaf primordia of 1978
,leaves were formed .during that warmer season, which;may have
‘been parttally responsible for their larger size Warm -
Years with favorable photosynthetie conditions sSuch as ‘those
in 1977 have been shown to favor other growth | . |
eharacteristies such .as. floral activity in the following

I

vear (Mark 1970). - R



. leat growth in L glluat e. whereaa te.perature may be
;rqlatively more ihportlut in B nhna, which develqps leaveg

“in a regIon with Jess boundprx layen. Ig L% galustre leaf

'“may also have been an artifact of the sampling technLQue.

’noted Because of the difffcubty %n measuring V *@f:w

by e e N B v -

. e Y e L ’ . ¢, e,
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bight lay alao be -ore lmpoftant than‘temperatuﬁe for

e

ra.
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growth is dependent on photosyuthesis of the current year.

Foow

‘lthen the slower lehf growth of B. nana in 1978 may havé

t.a

X
. E

,resulted in a‘greater dbt carbon gain for L ga;u! re... P’;"

- - . . , e
e | : - i : S Sk e . [N e
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increased light pene%rat}on throhgh the canoopy and thus,:_xﬁ

The differences in the size of leave3~4n the two-yearsé¢

SO
o

4 -3

'Leaf sizes within a bud pluater were not uniform. ‘and ?i

b

because morq leaves were sampled Lm 19?8 per cluster. a

e

simila#’pdgmlation of size classes may not have been sampled

@
s 0

'for measurement Additionally.'many Lé Ealustre bndividuals

-

PR

hY

meaaured in’ 1978 Were different than thoae m&asdred in 1977.-

o

and’ thus most leaf cluaters were on different shootaxthan

¢
¢

the previous aummeﬁ. = ‘,
& g

; Lear»growth of v vitia-idaea did show\,.abight delay

) v‘?i

fof about one week in 1978 relative to the previous summer

,,,,,

hovever. no significant dirferences ih leaf sizes were

N

vitis—idaea leavea during the early s%ages of leaf

i oo b

expanaion. a quantification of the differencea in growbh in -

)

"bhis period between the*yeararof the study uaa not poa;ible.
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‘: In neither L palustre or V vitissidaea was a difference in

ﬂ caf growth noted in 1918 that oould be’ eorrelated with

- -

-

'-attainment of maximum tissue weight -as in B nana.fg.

. pr nanily grew within the surface boundary layer the region

.

in which the early expansion of B nana buds and leaves

to the warmer temperature regime associated with this region

\
durtng ﬁhe early._cool weeks of June 1978 and may not

as uas,g. nana.

«
L :

~

A maJQr differenoe 1n patterns of leaf growth between

B‘ nana and the two evergreen Species did occur regarding

weigﬁt gain ‘of leaf tissue. Rather than an=ear1y and rapid

r

palustre and V vitis idaeh both gained leaf weight up to

4

~?first growing season, current Ieaves of palustre and V.

“.et al 1979 Batzli and Jung 1980) ' Miller and Stoner

'vitis-idaea'had reached specific leaf weights of’ 0. 0019 and

0. 0016 respectively. poth nearly twrce that of the deciduous

s -

h§' nan fﬁ The heaviness of these leaves ‘and their graduaI

weight gain over their first growing Season’ is primarily

associated with,sclerifioation ot leaf tissue and to a

: lesser extent the development of tannins and aromatics (Jung

\ a

-
'

T gg' .

-

vas seen in B. nana., Both L galustre and Vf'vitis-idaea

]

<oce rred L palustre and v. vitis—idaea were thus exposed .

3 therefore. have been affected by the- 1ower air temperatures‘ .

'f’the onset of leaf dormancy in the fall By the end~of.their\

1
-
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\

(1919)‘sdggest that these leat charaoteristics are

o associated with higher carbon costs of initial leaf

development in evergreen leaves. .
Sclerophylly and\other Xeromorphic characters such as

thickened cuticles and cell walls high fiber content and

tomentose leaves have been associated with conditions of low'

. nitrogen and phosphate availability, typical in many arctic
habitats (Loveless 1961 Beadle 1966 ‘Small 1972 Haag

1974) These characters along with evergreeness.'appear-
important in efficient use and cycling of nutrients of 1ow

'availability. ‘

Aromatics and other‘chemical compounds common in
evergreen leaves have also been suggested as evolutionary
deterents to grazing by insects (Rohringer and Samborski
‘1967, Swain 1977) and mammals (Batzli and Jung 1980) ‘

. Neither L Ealustre nor ¥, vitis-idaea showed any evidence

of leaf damage from herbivores in either current or older
age class leaves in either Year of the study g. hana,
‘houever.’showed a total Surface reduction of 4.3% 1in late

August of 1978 due to herbiVore damage of the.leaves

" 96

remaining on the plant at the end’ of August 25$ showed some

insect damage. with a mean’ leaf surface reduction of 17.3%
per damaged leaf Young leaves of B.. nana were: coated with

a sticky resin which may have protected the leaves from
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herblvory in early season. Thls protection may ensure that
‘entire leaves are preaent long enough to at least recover

their 1nveat-ent cost, vithout the energy expenae of

7proteetlon throughout the life of the leat.

'

7

Stem elongation 1n the three species. differed 1n the
absolute time of onset However. all three speoiesbbegan
stenm elongation at the same time relative to the growth of'
" thelr leaves. g._ngﬂg stems experienced the maiority of
growth after;nost‘leaf expansion had occurred Stems were
elongating through the: 1atter half of June and reached a
) maximum length several weeks before leaf fall Thus. stem
growth was delayed_uhtil aéter the‘demands of leaf | .

structural development had been met, and the new leaves:' had

begun contributing oarbohydrates to the system

At the’beginning:of the growing season. evergreen

apeciea already have a complement of leaves that are able to .

‘\‘ 1

provide oarbohydrates for growth Yet, L. palust e and !: T

vitia idaea both also initiated stem elongation after the

maJority of eurrent leaf expanaion had occurred

In a region with'such a llnited growing season and“low’
_energy~regime as-the Low Arctic the development of -
photoaynthetic structurea that are: capable of inoreasing the

'.carbohydrate supply may have a higher'priority-than auoh'a

S



cLom.

supportive tissue as atala. Thua; aola atel growth in a11
.thrco apeciea wvas® dalayad until adequata carbon had beon
auppliad to the leaf tiaaue.‘ In L galuatra and V

vitia—idaea however. some ataa grouth ia neoded to arrange

‘current leavea {n" ‘a manner. uaeful for photoaynthesia._“

.

Ledum galustre was . the only apecies for which a. record

‘of past stem length 1ncrements could be produced ) Mean
annual incrementa of the T2 yeara between 1967 and 1978
.varied from under 0 7 ol to over 1. 0 cm. Houever there waal
‘no significant correlation between the size of atem
increment and environmental conditiona cf either the year in VF
which the growth took place,,or the, year previous.‘ |
Conditiona considered included degree daya in a growing
'.aeason. degree days of eaoh month mean temperaturea of each
mqnth and, precipitation _ Huch variability in growth '
incrementa oxisted among stems in a given year and this
larga variance may have obscured any correlationa with o
environmental conditiona if they did exiat

These non—flowering stema may be a non random'sample
from the population.- Individuals which showed significant ‘
.‘growth in a. particular year may have flowerad the following
aeaaon, and thus, would have been eliminated from thia

aample.
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BIOMASS PARTITIONING

¥ AY

jIntroduetion _‘
. . . ;‘: )

‘ Growth development and maintenance of.plent tissue
'reouirea an energy expenditure by the plant The allocation'
v~dwof this energy to different tissue types within o plant and~'
the role “of this allocatioh pattern in the ecological '
.istrategy of he plant ‘has received muohaattention in recent.

vl

) ye;rs Har er and Ogden (1970) separated individual plants
'into differ t components based qn tissue function.j Energy

_alleoation to these tissues was expressed as: a function of'

'dtheir proportion of the total tissue weight This technique

5

"has since been applied to differences in allocational

"V;strategy between annual and perennial and between eyergreen

'and deeiduous growth forms (Ogden 1974 Johnson and Tieszen'~
J976 Abrahamson 197?) and to the effect of. habitat on .
.energy allocation strategies (Gadgil and Solbrig 1972 .
Abrahamaon aund Gadgil 1972 Gaines et al 1974 Hickman
. 1975, ﬂ977} Pitelka 1977 3ostock and Benton 1979, Kawano
and Masuda 1980). | |

: : |

Most studies have invol ed non- woody herbs, and most

,have been from tenperate or’ desert habitats 7 Arctic studies

»have been relatively infre entfi Flower Ellis (1975)

investigated energy alloca ion of the dwarf evergreen shrub
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'Androneda poliﬂolia. in a subar!&ic mire at Stordalen.

'"Sweden‘ Heilgolaski and Kjelvik (YQ?S) studied energy

ulallocation ‘to green and nonagreen tissue in many shrub and
nonvshrub species from Finnish a#% Norwegian IBP sites. and
5Johnson and Tieszen (1976) determined biomass allocation ‘
fpatterns for B gggg galust e,xand V ‘vitis-__ggg from

an upland tussock tundra at. Afkasook Alaska

~ - '.: B P

Harper and Ogden s (1970) technique assumes that energy
allocation to plant tissue is accurately est%mated by tissue
—weight i.e..caloric content of different tis&@es are ' -
_similar In many cases, this assumption appears to be.
valid Hickman and Pitelka s (1975) study of t&e H
.‘relationship between energy allocation patterns based on S
tissue caloric values and those based on dry weighg? of

PR

E plant parts concluded that for p1ants with primarily VGH
'carbohydrate. rather bhan lipid seed reserves. tissue dry
’weight analysis produced results nearly as accurate as the

muoh more labonious calOric analyses

In the following discussion. biomass’ refers to all-
ﬂliving aboveground plant tissue of a species or of a
community. Phytomass or standing crop refer to all

aboveground tissue. living or dead



Calorinétry Methods
To validate the use of. the biomaas separation technique

“to estimate energy content in B. nana, palustre and V.

'yitis-idaea. the energy content of the different tissue

types in the three speoies was measured with oxygen boab
oalorimetry. -Measurement of caloric (energy) values of
.'tissue sSamples followed the general recommendations of Leith
'(1975): Each tissue type analyzed was a composite of

, randomly selected material from 1977 biomass harvests.
Tissue from two harvests. one in- early June and one in early

'

to mideAugust was analyzed for each species Samples were
'prepared by grinding in a Hiley mill and drying at 8OOC for
24 hr and then pehﬁetized The pellets were’ ignited in a
+ Parr adiahatio oxygen bomb calorimeter (Parr Instrument.
'Co,).- Ash residue was negligible and no correction for 1t
uas made. Two to three samples per tissue type w:re
“analyzed unless material was limited in which case; only‘

one sample‘was burned, Error estimates‘were'generally Ofl

"to 0.6%, ~.

-Biomass Partioning - Methods

Chenges in seasonal aboveground biomass partitioning

»; were investigated using a harvest technique. Aboyeground

parts of- B "nana, _.-paluatre. -and l. vitis-idaea were

[

101
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‘harvested from rendom quadrats by clipping stems rooted in

“'Zthe quadrat et_ground Ievel ) BecaUse the rhizomatous nature

Iand frequent vegetetive reproduetion by leyering in the

‘}“three speoies obsoured the concept of indiyiduel plants.

Aindividual plant in this study was defined ‘as any shoot that,“

emerged abovaground from the litter or ground layer.

Beoause“stem densities of the three - species were ;”*‘

different a different quadrat size was used for each

speeies to ehsure multiple quadrat placements (up to 17)

would be required to harvest 40 stems. Quadrat sizes were_
2 ‘ 2 - » L2

0.1.m for B\;naga. 0. 05 m for L galustre, and. 0. 025 m .

for.V ‘vitis- idaea._ Harvests were made at five day

.interVals from early June until mid July each year. ‘the
v period in which plants wer-e growing most rapidly.band theh

approximately every 10 days until the end of August

4Phytomass compartment categories separated-tor B. naba1

were: current leaves. current stems, one year old stems | . {
greater than one year ‘01d stems. floral or reproductive i
tissue. and déad tissue. Compartment categories for L.
palustre were: current leaves one . year. two year, three

year, and greater than three year old leaves current stema.
one year two year. three year and greater than three year

old stems. floral or reproductive tissue. and dead tissue.

Compartments separated from 1,,viti§uidaea were essentially



'sampligg period 'e g. no cur ent leaves existed at the first

the same as‘tnose for l galgstre.' Samples uere driad at
6

60 C . for au ‘mr. and weighed to 0.001 g on an electronio

baiancei'

S ]
B

jAll'compartments were iét necessarily preaent at each

June harvestx Also the reproductive compartment was often,

subdivided into male . and female flowers or preformed buds.

E S

A . . P
. . - . [
\ . . . . .

. . '

Canric values Tor component tissues of B nana,fk.

¢

palustre.\and V vitis-idaea are presented in’ Table 6. Some

care’ muat be taken in the interpretation of these energy

' LI

,estimates.: Since each sample analyzed consisted of uell

. mixed ground tissue from more than one plant values for :

standard errors of the mean represent the variance in the

- ] §

calorimetric technique more than the variance within

,tissues.; Also. because some tissue types, e. g._flouers.:fh

were a very small proportion of the total plant and

\

‘therefore, were in limited supply, the analyses of thesef

v

compartments\uere occasionally limited to one composite

*sample. T

103.



Table 6.. caldrﬂ; values for var.iods t

lustré, and Vaccintum vitis-idaea. .VaJues expresséd as J g-!.
- i%SE.“EE rrent leaf;c+lL, one year older -
Tus two year ‘leaf; OL, greater than
year -alder ‘than current; c+2s,
greater than.c+2s; mr, male: -
ctive; PFB, preformed buds.

mpartments are cl, cu
than current; c+2L, current p
c+2L; cs, current stem; c+ls, one
.current plus two year stem; Os,
_reproductive; fr, female reprodu

issue types in Betula

!

nana, Ledum_

104

" Species and compaffmeht

el

* one sample only

o Date .
Jurie 11,1977 ° August T, 1977
- 'égtu]a.ﬁana‘ o a o
Teaves 129124 (1.6) 1174.5 (1.4)
.. CS _—— 1430.0 (1.6
cHls 1476.9 Es,g) 1418.6 (3.2
Os . 1296.4 (3.1) " 11283.77(0.4) -
mr 12015 % S
 fr 12469 . *
«Lédum’pglustre, | "
| | | 1257.1 (0.3 1305.2 (6.7)
CeHIL 1289.7 (3.0) 1288.8. (0.6).
c+2l - N 1271.5 (4.7) |
0L 1287.7 (2.0) - 1243.9 *
cs . - --- L 1166.2 * .
c+ls 1195.6 (6.5).° 1240.0 (4.9)
T c¥2s 2es 1275.3 (0.2)”
0s . | 1271.7 (6.6) 1288.7. (4.6)
PFE ¥ —_— 1295.3 *
Vaccinium v1t1sj{daea ’ o
ol — 1149.5 (2.2)
cHIL 1179.6 (0.2) . 1173.6 (0.5
oL 1178.7 (2.3) 1187.0- (49
c+ls 1194.1 * —
Os 1175.2 (4.5). 1163:.8 (1.3)
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: Relatively little variation in "energy content of the

different tissue compartments existed in any of the species.

3

In- B. nana, the tissue with the lowest energy content the
June sample of old stems was,oniy.ja.él less than the

tissue with the greatest energy value, the June sample of

'current-stems.: Maximum variation was much less in L. " ¢

+

'galustre and V.fvitis idaea tissues. The August sample of
L. palustre current sgems was only 10 ‘6% less ‘than the

energy content of the August sample\of current stems, and
' 0

"~ the August sample of V vitis- idaea cUrrent leaves was only

3’2$ less than the content of the greater than one year old

leaves

~

The energy value of different tissue types also changed
very little between June and August The maximum change—in

caloric content occurred in the 1eaf compartment of B. nana.
. -1
The Jure 11 energy value was 12917y g and by August 1, the
-1 .
value had dropped to 1175 J g |, .a decrease of only 9%.

Most other tissue types in the three species changed less

than 50 J 8 ' between the sample dates. Of the 11 tissues

sampled twice in the growiné season,'seven'decreasedzby' :

.

August. and four increased' No consistent directional
"change occurred in any tissue type.‘ For example. energy
content\of old .stems in L. palustre increased while that of.

’

B. nana and V. -vitis-idaea decreased ‘between June and .

’

- August., . .o S .

B B t
i
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: Biomees ?ertitioning

’

Betnle nana

'Tne'largest and dominant biomass compartment at all
times of the year 1n B. nana Wwas that‘used for atruoturai
‘aupport; the stem component (Figs 32 and 33). In botn_ﬁ
"}ears of the study, stems of all ages were alwayslat'leastr
701 of the total aboveground biomass.; During uinter and at
anowmelt when the dnl@ other aboveground compartmenta
present were leaf and floral buds, stems represented nearl&
100% of the biomass, As leaves developed in June tbe'stem
portion of aboveground tissue gradually decreased “Thie
decreese continued through the growing season but the rate
of decrease slowed 1n late - July and August as leaf tissue
demelopment s}owed. and as the'OUrrent stem compartment
increased. The ourrent stem compartment began to 1ncrea~e
in mid June 1977 but not until early Julv in the cogler
weather of 1978, The current stems continund to 1norease

‘until growth halted in late August Current Btems reaeh

- near maximum development at the end of their first growing

. Season, and no nhange in thae current plus one year

>compartment wss noted in etther yeer of the study.

The leaf compartment in B, nana, represented only ‘by

Pvds at the beginning of June, increased rapidly in the

>

L ~
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Figure 32..

current stem

AUGUST

CJUNE  JuLy

s

Parf]f&oniog.ofstotal aboveground biomass of Betula nana in.
1977, based on dry weight of tissues. Repro. = reproductive -
tissuess c+ls = one year old stem; old stem =.stems > one

. Yyear old. ..

o~
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':_first two weeks.‘end then increaaed at a, slower paCe until a

-

'maximum\was reached in mid«July. 1977 A amall decreaae in

A}

the lea;Xeompartment was noted at the last tub gampling
.points. nut this decrease was. not significant',

'
LN

The pattern of leaf increase was modified slightly in

"Ldthe much oooIer Juna of 1978 Partitioning of biomaés to "

-rleaves was very slow in Jupe. and increased more rapidly in
.the last week of the month after the arrival of warmer_
'weather K this more rapid rate continued until the third

week of July, beyond which little additional increase was

noted .

The rpprodmctiveAcompértment’ac a_ﬁortion'otlbiOmESS
wes always small in ‘all’ parts of the growing season, and in
poth 1977 ;nd l978. However; in the warmer 1977 seeson. §1$
of the- sampled plants (n=322) had flowered while in 1978,
only. 21$ (n=204) had any-reproductive component. - Even ‘among
those plants which did produce flowers. the maximum mean
"floral component at any sampling period was Only 3%. - The
reproduetive component was less than 1% for., ‘most sample

periods.

t

Ledum palustre
o - \
5

P

 Biomass in L. palustre, as ih B. nana, was largely in wU:

i n . ’ R .
., . " . =3
#

. o~
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some stem compartient (Figs. 34 ahd‘as); Stems of all ages

.generally contributed between 50 and’ 701 of abovegroung

biomass.' This proportion remained relatively steady
throughout the growing Season, with no maJor trends
appearing. The current stem component appeared in mid July

in both years, and increased to an August maximum ‘of . 16 14

io 1977 and 10% ‘in 1978, No significant ehange in current

pius one or two year stems was_obsermed.

Hhile differences in biomass partitioning did exist on

a seasonal basis between the different age classes of

leaves, the.total proportion‘partitioned_to leaves remained‘

relatively'constant; 'The current leaf compartment.

frepresented only by preformed buds at the onset of the

growing season. increased to approximately 10$ of the.

1

»biomass by season's end in 1977 and 1978 In 1977 the

current plus one ’ear leaf compartment:remained essentially
constant' however the compartment of oldest leaves drOpped
slowly through the growing season."reaching a low point at
the end of August A similar pattern existed in 1978,

except that the Qldest category of 1eaves showed no drop at

-the end of the growing season as occurred the previous

summer. The current plus one year leaf compartment in 1978

was smaller by about 5% at most sampling dates compared with

‘ Aoge o om o T

the sample dates in 1977 T R

o . e o - L~

o
fdr s 5<~, Dl T S -~ e .
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.tedﬁrn palu$tre '1Q77.

-

- "_?i:guré 31}.1‘; Partitioning of total -abbvegrf'o-dn'd.' biomass -of Ledum ‘palustre .. .
LT .7 in 1977, based on dry weight of tissues. Repro.= reproductive -
oy - tissues; "c+1L '= one year old leaves; old leaves = leaves >.

- Oone_year old; c+ls = one year old stems; old stems = stems >
one yedr old. T S - - :
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.. ~ Figure 35. ~Partitioning of total .aboveground biomass ef Ledum palustre

.. 7 rin 1978, based on. dry weight of tissues. Repro. = reproductive
: tissues; c+IL = one. year old leaves; ct2l = two year old -

leaves; old leaves = Teaves > two years old; c+ls = one year -

old stems; c+2s = two year old stems; old stems = stems >

two years old. , ’ L
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ls-in B. nana.-the reproductive compartment was
relatively snall in L palustre. re-aining under 5! at all

'.tines. In 1977. 5% (n 358) of L palustre plants produced
:some floral structures, while 1n 1978 ‘only 121 (n =209) |
flowered Though commitment of biomass to reproduction in
the whole population of L. palustr was relatively low.: ff'
.those plants that did flower often had more than 12f of
.their abovaground biomass represented as reproductive .
'tissues.‘ In these flowering plants. commitment of- biomass
produced in the current year to reproduction was often very
,high . On July T, 1977.Af10wering individuals had mean
current biomass commitments of 67$ (n 6) to floral tisSue.’
with some plants having 1002 of current growth as flowers'
'indieating that flowering often preeedes leafing in tﬁis

species

Vaccinium vitiseidaear
- T

Biomass partitioning of V. uitis idaea,in'té??.‘and

1978 is presented in Figs. 36 and 37. Relative to B. nana

and Lempalustre. V. vitis-idaea-had a relatively small
-hportion of aboveground biomass in. stems Total stem

commitment was ‘a maximum -of 26% on Ju y 17, 19717, but

"~generally was less than 20$ for both the 1977 and 1978

‘growing season. The nonourrent stem compartments were a11

relatively unchanged through the growing seasons. Current
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- Figure 36, Partitioning of total aboveground biomass of Vaccinium ,
S - vitis-idaea in 1977, based on dry weight of tissues. Repro.=
reproductive’ tissue; ¢l = current -leaves; c+IL-= ane year old
‘leaves; old Teaves = leaves > one year old; cs = current stems;
c+1s = one year 01d stems; old stems =.stems > one year old.
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ste- cOlponentslappeared near July 1 1n both years and~
inoreased slowly to an August naximun of 31 in 1977. and 2%
in 1978.n The size of the current stem co-partment reachedv
nearly that of the current plus one year stem compartment by

0

the end of the growing season.

’
3

The current year leaf compartment was represented by

very small preformed buds at the beginning of the growing

season but increased as the season progressed reaching a

maximum of slightly more than 10% at the last sampling date

in‘both years. This compartment began to increase in size

116

several weeks | earlier (m&d June) in 1977 than it did in 1978 p

(late\June) The current plus one year leaf compartment

remained relatively unchanged in both 1977 and 1978; staying

;at a level slightly greater than achieved by the current

year compartment ‘at season s end; The oldest 1eaf
compartment (greaten than or equal %o current plus th years
in 1977 ‘and greater than eor equal to current plus three
years in 1978) gradually declined as the growing season
progressed with a lou point occurring Just before dormancy
in ‘the fall. The leef compartment (all age. classes)

repreeents the largest component of living aboveground

biomess in ¥. vitis- idaea. Leaves were more than‘70$ of the .

3y

‘biomass in alI_parts of the growing -season.

" As with the other two shrub species; the reproductive

N
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co-part-ent of V vItis-idaea was anall conpared to leaf and

stem. conpartnenta. always representing less than 55 of the
'biomass. Iu 1977..tho reproductive co.partnent uas nore 'h
“than iy by the: end ‘of the growinc aeason. but wau never:
flarger than 15 in 1978 In 1977 13 6$ of the sampled

.planta (n 316) supported some reproductiVe tissue vhile in.

1978 only 93 (n 22097 did, or those plants that did flower

_*w_the reproducbive compartment was much larger than in the .

population as a whole In flowering 1ndividuals the mean

";portion of aboveground biomass that ‘was reproductive tissue ,,thh

P id

: Has over 171 during peak floiering (July 11. 1977) and was
46! on August 17.»1977 when fruits were nearly fully

‘developed These values were reduced An - 1978 ‘when 7% of the

',tisaue of flowering plants was reproductive on July . aﬁd

4

81 on July 29 ‘No data were available for- V vitis<idaea

e ot s

. when fruits were fully develooed in 1978

Data for V. vitis- dg a inolude shoots which supported

current growth and shoots whieh did not ‘hdave current growth

’

'Thus these daté differ £rom those for .'nana"and L.\

— ———
e

Qalustre Hhich generally had a greater perceotage of ;tems

aotively growing
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Calorimetry

. LT P . -~ v
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”~Caforic'contentvof'§; nhna} L.~pslustre' and V.

vitis-idaea showed little variation on either a seasonal

basis. among tissue types within a species, or between
Species- Though the caloric content of these three arctic
dwarf shrubs were generally higher than reported for o

temperate and tropical species (Golley. 196.1), the values

DR

were’ very similar to .those reported for other plants from

higher elevation sites at lower latitude,:as well as other

S

arctic sites (Bliss 1962 Sonesson 1975, Dennis et al.

1978) .

Vaccinium vitis-idaea from dry meadows at five
Norwegian tundra sites averaged 1172 J §~1 for green tissue
and 1123 J-g~ for non—green, compared to 1170 J 3-1 and
1164 J 3-1 for the same tissue types in the current study

PR

For mixed stems 8nd leaves of V. vitis- idaea from alpine

tundra of Mt Hashington. Bliss (1962) ealculated ealoric
-1 -1 T
contents as 1191 g 8 in late. June and 1209 J g 5‘1n§\
-1 -1 N\
mid‘August compared to 1182 J g ‘and 1169 J g  for these

sample types from the Mackenzte Delta uplands. o '

)

Similaritfes.also existed for'Betnla'minor from the Mt .

18
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. Hashington aite and B nana at the Hackenzde Delta aite
Bliaa (1962) reported calorio contents ot leaf and ate-

-1 -1 : S
tissue as 1230 d & . and 1249 J g in June and Auguat .-

© [ it

2 respectively, while sinilar samplea in the current atudy had"

1317 J g ‘and-1327'J. g |

Thaugh no data are available on'Ealbric content of L.

ggiustre from other'arctic sites, L galustre tissue energy

©

_Values from this study were very similar to thosa of L. . .-

Qalustre subsp lgroenlandi cum at the alpine Mt . Hashtngten

site (Bliss 1962) .

The.higher energy eontents of arctic and\alpine plants
have been attributed to higher perCentages of 1lipid in the
tisaue,(Hadley and Bliss 196“), and to the greater amounts‘
of soluble carbohydrates relative to structural material
that occur under low temperature Stress (Mooney spd. Billingsn
‘960 Berg et al. 1973, Wielgolaski and Kjelvik 1975).

The‘ldwvvdrianee of ¢alorie qontent in different

tissues of B. ‘nana, L. galustre. !. vitis idaea and the

Similarly 1low variance of energy content within a tissue
type throughout the growing Season have 1mportant
;implioatians in the evaluation of energy allocation in these
species. Because the energy content of the different

tissues is similar, data for biomaas partitioning within a

‘
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plan£ should provide nearly as acédurate an evaluation of
differences tn energy allocational patterns as the more

Vlaborious conversion to tissue energy contents._ In a stJﬂy
'of annual ‘and perennial herbs: chknan ‘and Pitelka (1975)
hvconcluded that no significant differences in enerygy
allocation patterns were found when using caleric or dry
weight measures of species with low lipid levels 1n seed
>regerves._ The remaining analyses“and dIscusssion of eriergy

allocation patterns in this study shall, therefore;.be based

on patterns of b{omass partitioning.

. -/“‘y

Biomass Partitioning
Lo

Betula nana

The general paptern of partitioning of the aboveground
biomass of B nana in the Mackenzie Delta uplands is. very-
simtlar to thab found 1n the tussock‘tundra ‘of Alaska'
north slope (Johnson and Tieszen 1976), and of other

deciduous shrubs in various other argtic sites (Hielgolaski
and KJelvik 1975, Stoner et al. 1982). The dominant feaﬁure.
ofvthis partitiouing pattern'ln B. nana and most other
deciduous shrubs is the large biomass commitment to.woody
sructural tissue, and the much smaller one to leaves Ou
the current‘study site, Q: nana always had more than 70% of

11v1ng aboveground tissue represente"as woody stems..
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.Betula ddna in-the Hackenzie Delta region is very near the"

1northern liuit of its range: %Fig. 1“) ' Farther north the
shortor groving season (45 50d) . low temperatures and low
ievels of available radiation (Courtin and labine 1977) are
probably insdequate to support the strategy of annual
,replacement of photosynthetic tissue (the leaf compartment).
Obviousl;, the~deciduous growth form can socoessfully exist
in the Mackenzie Delta area, ‘as indicated by the widespread
occurrence ofig; nana‘and several speoies of Salix. Except
for Alnus crispa, another deeiduoun shrub occurring on
moister sites with greater winter gnow cover.-g. nana is the
tallest upland shrub_iﬁ the area, with heights of up to: 0.75
m. This height,.which»réquires.large adounts'of fgpﬁértire‘

_ Stems, aliows“gt‘ﬁgigwto“pree;pt‘itsﬂphotos}othetic surfaces
above the canopy of all other species, and. thereﬂore.:*”'"\’”
mexidize;radiation‘intereéptiop}"COMbiped with a reIativelp‘

~high'photosynthetic potential (Johnson end Tieszen i976)v
‘this ability to maximize radiation interception helps B
hana fix- sufficient carbon each growing season to allow the
:hiéh nnnual carbon turnover associasteg with the deciduous
growth form.‘
The fresotion of the aboveground biomass that was stems
dropped as the growing season progressed and the *
photosynthetic fraction increased when the current crOp of

leaves developed. This same pattern oaccurred in both years



‘of the study (Figs. 32 and 33), however the cool period in"
. early June. 1978 delayed the development of leaves.' This
deldy was reflected in the lower percentage of leaf tissue
in June 1978 and by the higher percentage of stems during‘
that sale period This rapid increase in the ‘leaf
compartment reflects the need for a deoiduous leaf to N;‘T’
maximize 1its photosynthetic life 80 a net positive ‘carbon
contribution. oan be ‘made, The rate of increase in _—

/’“““\ Ky -
compartment size is slower than shown for leaf growth in

’Chapter 4 (Fig. 18). Leaves from all canopy positions.

/-..

including the leaves from inner bud positons with delayed
development were measured in the compartment technique.
Thus; leaf development appears. to occur over ‘a longer. period

’ than when only outer leat poSitiOns are sampled as with the

- .

individual leaf technique. Partitioning of biomass wa&
similar by mid-ﬂugust of both years however.‘

-
= Y

A‘!light decrease in the leaf fraction after mid- July
1977 was not significant statistically. However. there was

a real losas of. tissue in both years of the study ‘after that

point The precision or the sampIing technique used did not

8llow identification of this loss. As reported in the
previous ohapter. a mean reduction‘Lizzz of leaf surface
from herbivore. damage occurred: on those leaves present Just
before autumn abscission. Additiona11y= entire leaves were

lost by abscission due to various unknown causes. and by

~

-

A
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The reproductive oompartment of B .nana . was very small‘

P

in 1977 and 1978. however, these dete do not fully represent
carbon committed to ‘this compartment. vIn June. male catkini
developed and eventually released pollen. after which the
catkins generally dried and dropped from the plant After
fertilization the female catkins increased in size and
weight as the seeds matured. Since the male catkins‘and

\J: their pollen are no longer present in August these late-

Season values do not represent the total allocation of

carbon to reproduotion.. However. even if an adjustment for
o N o s
""this éarbon loss was mede. reproduetive effort in B. nana

. O

_relative to structural or photosynthetic development was

*still ﬁerx small.

in 1978 relative to that in 1977 ‘was not as well correlated

R

with environmentel conditions in the year of floral bud
development as it was with environmental conditions in the

" season of aotual flowering. Floral buds of flowers blooming

o
in 1977 and 1978 were preformed in 1976 and 1977

respectively. In both“1976 and 1977. lnuvik received near
‘average numbers of,degree days (Table 3). Thus flowers
blooning'![_both years of this study deueloped from buds

forned'un

"\

r similar conditions. .HoweVer. in 1977, 51% of

The significant reduotion in number of -plants flowéringiv

~

[



g

- _ 124
j'sampledfinbividuals flowered,. while on1y121$ fIOHered‘in’

- 1938 . A_belqw: ayerage number. of,, degree days .were. receimed

in Inuvik in 1978 This reduction in flowering may have

.

A ~

Yy oo G . s = WA @

%een caused by*abortion‘of‘floral initiatives“in thc cooIer*

'bJqu of 1Q1Q,'

‘Ledum palustre

-

e e
) B Grh
~ .

The general gattern(oﬁmpartitiondng Qf aboveground .; -

YN%q;omass 4n L. pglustre in the Mackenzie Delta uplands was
similar to that .found in L palustr growing in tussock
tundra of Alaska (Johnson and Tieszen 1976 Archer and """"

Tieszen 1980) Aboveground biomass was divided about evenly

. between woody stems and leaf tissue with‘reproductiVe' .

tissue relatively low at all points in the growing Season.

Ledum palustre is a canopy subdominant in the community,

overtopping all species except B. nana and an occaSiOnal
§gl£5 }pdividual. The maintenance of this canopy position
requires significant structural support resulting in a
"relatively large stem component. In most microsites! L.
palustre leaves are shaded by the taller.g. ﬁiﬁiv resulting;'
in less than maximum radiation interception. This reduction
appears to be less of a limitation for evergreen dwarf shrub
growth forms than for deciduous Species. Johnson and
Tieszen (1976) have suggested that the lower photosynthetic

rates of these evergreen shrubs arelcompensated for by the -

-
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retentibn of leaves for more than one season increasing the

,3photosynthetic life and thus allowing the leaves to make a

"'fnecessarily in one growing season.'.h o

net positive carbon contribution to the plant though not

\
P

‘ Nutrient limitations may be greater limitation to plant

'grouth in the arctic than low levels of radient energy

(Chapin et al 1980b). Retention of leaves.for-several’

years may be an advantage in a nutrient limited environment

DY v S

"Evergreen species Such as L palust re and V vitis- idaeg are

more efficient and conservative in their use of the limited

nutrients than are deciduous plants because evergreen-

species retain and use these nutrients within their tissues

'for multiple years (Reader 1978 Chapin~1980b. Shaver 1981).

The interception of subcanopy rediation by the

. photosynthetic surfaces of L. palustre was maximized by -

'_ their position high in this subcanopy. even though they wére

shaded by g.'nana in many cases. Frequently in‘this

_community. where B. nana is not present &; palustre did

form the upper canopy and- thus reeeived the .maximum

avajilable radiation. .No differentiation between shaded and

.unshadedlg. palustr was made dur;ng sampling, and thus no

differences in growth were noted. 'f

The large_stem oompartment was also important in the



5 S 126
'vegetative reproduction_cf L. galustrea Layering frequently
occurred when weight of leaves and stem tissue brought the‘
'stem into contact uith the ground .or when lichens mosses;
or organic debris covered stems. and adventitious roots..
formed from the node.- Long stem sections and relatively
long distances between layering nodes, thus alloued
_"dispersion" of offspring from the ﬁparent" remet., Hhiie
.establishment of L. Ealustre seedlings ecpeared rare, a fair
_proportion of individual plants did flower ‘gach yéar.,and of .
thcse that did flower, a large fraction of their current. b

'year s growth was cqqmitted to reproduction (up to

'apprcximately 70$ in some cases) Ledum gglustre is a

ﬁcommon understory‘ccmponent of the taiga to the south where
sexual reproducticn and seedling establishment may be more
successful. It may. therefore. have been successfully
reproducing in these uplands of the Mackenzie Delta when an

overstory of black spruce, Picea mariana, was present, as

wrecently as 5,500 years B.P. (Ritchie and Hare 1971
Ritohie. 1976 1977) As cooler environmental conditions
nrevailed. the trees receded south (Black and Bliss 1980)
Many of the understory species remained, although perhaps
with a_diminished sexual reproductive success as expressed
by the plants in the current study.

A second explanation of the presence of large carbon

commitments to an infrequently successful reproductive
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-marginal environment near'the northern limit of the species'

.2y
effort may be maintenance of genetic diversity within the

p

population. »Successful establishment of L. pa lustre may

occur °“1Y rarely. and only uhgn seyeral years of proper I

Ca e e

Tl,tempenature; moisture. length of growing season, and

_appropriate ssedbed coincide. Appropriats seedbeds may be -

formed by, fire. natural slumpages. or such disturbances by

man as seismic lines,,winter roads or gas weli drifling-

pads. Yet these infrequent occurrences of successful

. . y N e D . o4 ® . .
H» AeE Tl e v & e PR x RTINS S

o gt N R Py
\;,e'i,.-‘s'ﬁ'o 0,"_*,9 [ .

<¢stab115h&ent miy‘be adequate to maintain sufﬂicient genetic
diversity to provide ecotypes ‘that could survive in “the

“ri.

range in this part of the Arctic

The reduction in the portion of individuals flouering
in the second year of the study is better correlated with

1

environmental conditions present in the year of flowering

v than in the year of floral bud development.. The percentage

_early. cooler portion of the 1978 growing season.

of plants flowering dropped to 12% in 1978 from 15% in 1977,
3corresp0nding to a drop in- degree days received. Floral
buds for these flowering periods were all. preformed underl
similar conditions. This reduction in flouering may have.

been caused by the abortion of the floral initiatives in the

N
. '

Changes in the leaf compartment of L. palustre through

" the season, and differences between years are very similar

s 1

- -
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to the patterns expressed by leaf grouth analysis (Chapter

R).. The late development of the current leaves in- 1978 was..

- '

"ﬂ_associated with later snowmelt and lower bemperatures in"

B

early Juneiof that year. The compartment grew larger;'). ,'c
o throughout the seeson. with the early growth in size
associated with solerophyllization near the end of the‘
growing season.. This development of sclerophylly ended

gcowth of the leaf and thus,,the leaf compartmen;.Aas

AR L P "~-.."' -

PRI B ] e - R Y - .

' indicated by the similarity between the eizes of the current
compartment at the end of the two growing seasons ,@nd by
. the similarity of that compartment with the size of the’

‘current plus one year leaf compartmentsi' The relatively

-

'uniform size of the current plus one year leaf compartment

throughout the growini season also suggests that no further

- o w »

S ' —'W g -

growth occurred in ‘a- leaf aPter the end of its initial
season. ’ - ) e

B 4 N S = L o S ey S .
) . : . ) e N e N o

=

The oldest leaf compartment (greater than or - equal to

\

-current plus two years) shoued a gradual drop in total

‘- kS
percentage through the growing season in 1977 reflecting

both the increasing amount of current leaves Rresent as well

as the abscission of older leavei\in their third and Tourth
.years.j'These older leaves usually shifted from deep green
-coloration to yellow and orange in July. immediately before

“abscission. The increased rate of leaf 1oss in the latter

" half of the growing season 1ls also"reflected in the. rapid L

.-
. [N
3

Te .
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,"~drop in size of the olnest leaf cqmpartment at. that time.»i.f.Lff"

This loss of leaves does not represent a loss of net’

[N q;.,,.—\n R D

.

.photosynthetio surface. srnce the cUrrent year leaves are,

H

- nearing full expansion at this time,'--;\; T jd?mf

O . . ' . AN ' . N ’

No similar decrease in the oldest leaf compartment was’

" >

'indiéated in 1978. ‘as would be expected even though "f :"_H

- ,ooloration and abscission of older leaues was observed in’

I

§.4&$he field Ihe plants sampled in June may either have had

—~ R , . : -
P — . o & v, - - ‘--cnaa Y - oA e ek - © - . . » -

‘an abnormally smail complement of older leaves ér- lhose

¥

.sampled in August had an abnormally high complement ‘and’

’"thus obscured the loss observed in the field Leaf

'abscission in L pslustre may perhaps also be retarded in

[.cool ‘years. .. - o .

Y

Vacciniym vitis}idaea

“Unlike*B nana and - L palustre. stems are a relativelyv

Q
small oampartment in V Vitis 1daea (Figs. 36 and 37) and

do not provide .a major supportive structure that raises the~
leaves ﬁnto the upper qanopy. It generally has a- low
sometimes prostrate growth form..rarely more thsn 10 cm

t

high Only in low—light situations under a dense overstory

'canopy did V‘ vitis-idaea ever have upright growth and even.

then was - seldom over 15 to 20 ‘cm high ~Thus. in areas'

dominated by one of the taller shrubs v. vitisuidaea would

A -
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":;only be eXpoSed to lower leVels of incoming radiation and

- .

N6
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thus havn less radiant energy availabie for grouth Johnson

'fand Tieszen (1976) suggest that long leaf retentiom (up to

',greatest‘leaf'lbngeVity, though an accurate estimate of the :

eight years in V vitis— aeg) allows evergreon speoies to '

successfully maintain lower photosynthetic rates by=

postponing attainment of net positive carbon contributions

by the leaves. ‘This same argument would explain the success

t

,of this species as an. important understory shrub

o
“ -

R "Of ‘the.fhree Species stodied V. vitis—idaea has the

<

average photosynthetic 1ife is not available because of‘the

- difficulties associated with the determinate grouth of

7

stens This - long leaf life 1s ‘also associated With the

lowest photosynthetic potential (Johnson and Tieszen, 1976)

8s well A8 a physiognomic position in the lower sfupta Where

'radiation levels are reduced " The long retention time for

St
V. vitis- idaea leaves may thus be a compensation for this *

reduced potentjal for energy fixatjon, A net positive
carbon ec~st to the plant may only bo'achiovad after sevaral

years of carbon contributions at a lower rate,

.Additionally the relatively high percentage of leaves in

the biomass reduces maintenance costs by minimizing such

.hon-~ carbon fixing struotures as stems

‘Whilé there‘wasla delay in production of the. current

A\
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1eaf eonponent in the~cool June of = 7978h thia deiay was SR

e

"probably less siguificant lo V. -vitis-idaea than for B-M

':nana. both beoeuse the leaves have a longer photosynthet1c~'u

life and beeause of the more gradual development of this

_compartment in V. vitis- idaea under average conditiohs,

i

The-graduel decrease in the 'oldest leaf compartment .

throughout the growing season of both years reflects the.

abseission of some older leaves. The more rapid decrease in

1978 is. prohably the result of the manner 1in which the data

131

are presented Current plus two year . leaves are 1ndluded in .

the 1977 data. and this class had a very low. abscission

*rate, while current plus three year leaves were the younge*t

1ncluded 1n this data cYass in 1978, and had 8 htghov
ab501331on rate.
Thdugh the portion of tissue allocated to reproductive

purposes is amall relative to that used in support and

2

carbon fixation, particularly in 1978 those plants that did "’

A

flower, had surprisingly large amounts of carbon committed

to reproduction,‘ The value to yv. vitis—idaea of such a

1arge energy oommitment to a relatively unsuccessful

. reproductive effort, at least in the two years of the study,
'may be the =ame as that described for' L. palustre in this
'chapter That is. the reproductive effort may be a trait

'uaeful to V. vitng}dae over a large part of its range




'“d where 1t is a boreal forest understory speeies and .sexual -

.

reproduotion may be more sucoessful

a

[

Or it miy be worthwhile in the long run because of the
genetic diversity that it generates in those few, uncommon
years when proper conditions ‘are ‘met and ‘sexual reproduction

is more successful ., The value and efficiency of a

4

reproductive trait may appear different when the base of
comparison cnanges. Chester and Shaver (1982) found that
many arctie Species were actually-more reproguctively
efficient than?temperate'species uhen viabie seedJ
reproductive effort was analyzed rather than simple total
reproduative effort.:

As with the other two Species studied. flowering in V.
vitis-idaea was sensittve to low June temperaturesf\gThe
number of plants flowering, and the percentage of
aboveground biomass in fleral Structures was higher when
floral buds were formed in g summer of average degree days
(1976, 1e 3), and more frowering took:place’ in -a summer
nf average degree days (1977) than when flowering ‘'was in a
year of, belou average degree days (1978) and the floral buds
had been formed in an average summer (1977) Thus.
environmental conditions in the’year‘of flowering appear

more important in determining the reproductive effort than

those in the year of floral bud initiation.



NET PRODUCT;ON”

[
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Introduction

Relative to many temperate plant communitiea those in
¢
arctic environments generally have low prdéuctivity. Net

annual aboveground production of vascular plants i3 often

' - -1

under 20 g m yr  in polar semi—desert sites in the ngh
.Arétic{ while most shrub communities in low arctic tundra
are under'200 g m-'2 yf—1 (Wielgolaski et al. 1981, Ltmits
to arctic plant productivity include 1low temperatures
(Bliss 1956 1966, Miller et al 1976), a short growing
season (Lewis and Callaghan 1976), and soil nutrient
deficiencies (Shultsx 1964, Bliss 1971, Babb and Whitfield

-

1977, Chapin 10ROB, Chapin et al. 1980a, 1980b).

The low nutrient levels in arctic soils are a funetion
‘of several factors. Nutrient input to most tundras is low
because of low precipitation, slow rates of mineral
decomposition. and low levels of nitrogén fixation (Dowding
et al, 1981). Host nutrients in the tundra ecosystem are
tied up in organic matter (Chapin et al. 1980b, Dowding et
al. 1981), andvreleaae of these nutrients is limited by low
reates of decomposition due to low so0il temperatures (Chapin
et al. 1980b). Low PH in most tundra soils also favors

+
adsorbtion of § to the cation exchange complex rather than
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metallic cations (Gersper et al 1981) IAdditionally. low
' soil temperatures may lower rates of nutrient uptake by the
plant roots (Chapin. 1978), though this limitation may be
less important than the others (Dowding et al. 1981). Most
inorganic nitrogen in tundra soils_is in the form of
ammonium, though in drier sites nitrate levels may equal
ammonium levels (Gersper et al. 1981) ‘ Nitrification
'appears to proceed more slowly thangmineralization in these
soils; the latter having’been shown to occur in the cold,
anerobic conditions common to most tundra soils (Gersper et
al..1981) Soil phosphorusuis primarily in an organic form
and levels of 1norganic phosphorous are generally very 1low

{(Chapin et al 1978).

Nutnient Supplementation of arctic soils by

fertilization has been used to evaluate the role of these

’

- low nutrient levels in limiting productivity. Addition of -

nitrogen and phoaphorous by fertilization has been
demonatrated to increase productivity of a low aretic dwarf
shrub ~community" and its component species (Haag .1974), and
an Alaskan graminoid- dominated tundra which included dwarf

shrubs (Chapin et al,. 1975 Shaver and Chapin 1980).

Methods , h

To sassess the amount o£~hboveground'biomasu”present.
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notes of net annual produotion. and the effect of nutrient
addition on productivity and stem elongation, four 10 «x 10
.experimental plots were delineated Each plot was

subdivided into fouyr 5 x 5 nm subplots. One 10 x 10 m plot
Was reserved as a control (no treatment) and the remaining

three plots were each fertilized on July 25, 1911_w1th'one

~ ~

of the. fﬂllowing treatments: "nitrogen as ammonium nitrate

(342 W), phosphorous as Superphosphate (20% P); or a

combination of both nitrogen and phosphorous., In each case,

N and P were niplied at a rate of 200 kg .of the element per

§
hectar

A composite eample of the organic soil from 5-20 cm in
the interwhummock troughs from each experimental plot was
coileoted at'the'end‘of August, 1978 and analyzed by the
Alberta Snf] “ang Feed Testing Lab (Alberta Government,
Edmonton). Nitrate nitrogen and phosphorous were analyzed
using a Bray extraction of ammonium floride with weak
sulfurie aoid at 5:1, Sodium and potassium were analyzed
with a N ammonium anetate extraction at pH 7.0. Aluminum
and manganese were extracted with a 0.02 M CaCl solution.

2

Plants weno'harvestéd from the plots between August 10
. .. - \\\
and August 22, 1978. Within each 5 x 5 m subplot, all
vascular plants rooted 1n'five 20 x 100 cm random quadrats

were clipped atvground level.and the plants from the five

135



%

. Mosses and ltchens et-ground level within th

~also combined fOr.eaoh auoplot Vascular plant epeoies in -

L 4

qQuadrats uere combined . Thue each sampling.unit rej eeented'

‘2
vegetation from a total eree of 1.0 m in. ea h subplot.

qua rats were

«.v

—

‘the eemple were aepereted into four groupe' :g. nnne;'L. .

palustre.'!, vitis-idnea. and all remaining epeciee.

Theithree 1ndividuhilspeoiee were each subdivided into

-

the following tiasue categories' current leaves, current
* .
stems, ourrent reproductive tissue (flowere or preformed

[}

flcral buds) non-current liu3ng tissue, and standing dead
éiseue; Current atems were further subsampled by random

seleotion. and the length of each atem in the subsample was
o
measured All tissue samples were Qg}ed at 60 ¢C for 24 hr

rx

and then were weighed | ‘

,"' ’ A

The 10 X. 10 m. treatment plots varied in the amount of

-~ non-gcurrent live tieaue present in them. This non-ourrent

live tiasue was 1arge1y eteme. but also included non-current

leevee in L. geluet e and V. vitis-idaea (Table 7) Since_

large plants with many ehoots will produce more new stems

‘and- ﬂeaves than small plants with few ghoots,'a correction

. for this lack of uniformity would make recognition of

T

-fertilizer effecte ‘more clear.A'f B " T

!
i

S

) h : ) . ) T s o | ) . )
Td’evaluete thé effect of the fertflizer treetments.on'“ e

.
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Table 7. Non-cu}rent,biomass of Betula nana;,L dum palustre, and

Yaccinium vitis-idaea jn the four fertilizer treatment plots.
Data expressed as gm¢ # (1SE).- n=4 - ‘ ‘ .

Species - . Treatment
- R’ ,‘.. - . .. . , .
Control " N - p NP

CBetulanama | 105.0 (34.9) 172.0 (8.5) 114.3 (18.3) 78.1 (10.6) .
.Ledum patustre:  35.8 ('6.8)  65.6 (25.8) = 58.1 ( 9.9) :37.1 ( 4.5)
Vaccinium vitis-ideea 27.8(7.0) 16.7 (8.8) 2.1 (2.8) 29.4( 5.4)

’

Y
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net annual production and to adjust for this variance in
non-current tissue among plots,van analysis of covariance
(ANCOVA)(Snedecor and Cochran 1967) was completed The(
'amount of non-current living tissue, a rougﬁ estimate of
plant size. Was used as the oovariate in-the adjustment of
treatment means. Tukey's multiple range test (Snedecor and

-‘Coohran 1967) determined the significance of existing
differences between treatment means. o -

. The effect of fertilization on: stem elongation was
evaluated uith an analysis of variance. (ANOVA) (Snedecor
and Cochran 1967). Tukey's multiple range test determined -
the signifioance{of differences in stem lengths between
treatments, |

An underestimate of netsannual production results from
this method of clipping and separating current growth
*because it ignores radial growth of stems (whittaker 1963,
'Bliss 1966) This error should be similar in a11
treatments. and a comparison of growth differences among

'treatments. but not species. would still be appropriate.

Results. T

.

Results of - the soil nutrient analyses of samples from

-"control and fertilized plots are presented in Table 8. The‘



Bt

“Table 8. Soil test results for N0, P, K, A1, Mn, and pH from
. experimental and control plots one year (August 31, 1978)
-after fertilization (July 25, 1977).- Samples. collected at.
. 10 cm from inter-hummock troughs. * OM +.Ah from. hummock. . '
Data expressed as ppm. - : : . .

J

Treatment . Test Parameter.

‘\_5/

:Control . 0.5 190" 18.5 9.2  16.8 4.5

Ntrogen 0.5 155 - 1385 46

Phosphorous *~ 0.5 26.0 260.0 . .43

Nitrogen . oL T SEEEIE
+. e 0.5 . .,18.5 158.0 - . . - 4.5
Phosphorous o S , _ oo "
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samples represent crganic material frcm inter hummock

i

troughs, where most rooting occurred Estimates of biomass
and net annual production of B. nana. galustre. V.

vitis idaea. the combined group of all remaining species in‘

the community. and the total- community are presented in
~=2
Table 9. The biomass of the total community was 277 g m

‘at peak season (August 10, 1978). The three dwarf shrubs
represented 881 of the community biomass. The estimated net
annual- production for the whole community wa's 54 +/- 7 8

m ', Of this net annual production, 76% was contributed ‘by

B. nana, L. palust re, and V. vitis-idaea. Standing crop of
-2 : _ =2 .
lichens‘was 108 +/~ 23 g m v of moss 40 +/- 13 g m and of
- ) =2 , . .
‘litter’272 +/- 33 g m .

Betula nana accounted for 495 of the biomass (136 g
-2 . -2
m ) and the net annual production of 31 +/- 98 m was 571

of the total Large amounts of dead stem tissue (81 +/- 31
) -2
g m . ) were present in the canopy of B. nana . The severely

weathered eharacter of this dead material indicated that it
'uas not dropped from the plant until many years after its

death.

3

The biomass of &. palustre was 42 g m - (155 of . the
entire community) and the 1978 net annual producticn of 6
: "2
+/- 1 g m ~ was 11$ of . that of the community. ‘Though less

~dead material was retained in’ the canopy of L. palustre than -



Tabléf9Q Peak -season biomass and net annuai production of Betula nana, -

Ledum palustre, Vaccinium vitis- idaea, all rema1n1hg vascular
speéTés and fhe total ‘vascular community

- Species - wPhrameter ‘ S g m'z(t 1SE)
Betula nana . - o
- " current leaves s 27.8 (7.9)
. current stems ‘ : 1.9 (0.3).
current flowers 0.4 (0.2)
preformed buds - _ ~ 0.4 (0.2)°
biomass: (non- ~current) 105.0:(34.8)
. standing dead S . 81.1 (31.3) ,
_total biomass o 135.5 S
net production -7 6.0 (1.2)
. Ledum palustre Co -
T current leaves. 4.4 (1.0)
current stems , 0.7 (0.1}
current flowers - =~ - 0.9 (0.2
preformed buds : . 0.1‘§0.02)
. biomass (non-current) - ..35.8 (6.8)
. standing dead . 12.3 (5.8)
- total biomass Y 3 I -
- net production L e T 6.0 1.2)
Vacc1nfum vitis 1daea -
' . current leaves 3.6 (0.9) -
current stems 0.5 (0.1)
- current flowers ‘ , 0.2 (06.04).
.. biomass (non-current) - 27.8 (7.0;
. standipg dead : " .. 0.8 (0.2
- total .btomass . : - 32.0 .
" net productipn . : ' 4.2 (1.0)
. Rema1n1ng vaseular species o ‘ L
- . . current tissue - 12,8 (1.1)
‘biomass (non- current) - 19.4 (5.4)
-standing dead - © 0 14.8 (2.4)
3

totd] biomass : 32,

'Total vascular community . . S
: ‘ biomass . - - . ' 241.7
" net production = - .~ 53.6 (7.0)
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in B. nana.on an absolute ueight measure,‘it.did represent.a_

fair percentage of the abovegrqund'standihg crop of the
. , ' C ' T § =2
‘total dommunity. The biomass of V. vitis—idaea was 32 B m

or f?i of the entire community. " Net annual production of v.
v _2 . _
vitis-idaea (n +/- 1.0 g m ) was . 81 of the community,

production Standing dead tissue was very small relative tof
that in the two other shrubs, L , L - ‘
The ratio of net annual production to biomass varied

amongst tne species studieduﬁbThe‘two evergreen-species, L.

pelustre and V. vitis-idaea, had similar ratios; .144 and’
132 respectively. Deciduous B. nanauhad a'ratio of .291,Jﬂ
”'-uhile the remaining vascular blant species in the community,

which included many. graminoids. had a ratio of 397:

‘ Fertilizer addition,had‘differentfeifedts;cn‘stemu
'ﬁrowth; as measuﬁed.by stem elcngaticn“fin-the three
Speeies. ‘and amongst the deciduous and evergreen growth
forms (Fig. 38). . Stem growth of B. nana was‘not v |

significantly affected by any treatment 'Ledum palustrec

showed significantly increased stem growth under all

-r N

'fertilizer treatments relative to the control The smalléstf'
increase‘(22$) cccurred with P addition. and;the largest '
(40%) was displayed with N+P fertilization. No -significant

ffincreases in,stem,elongation Here éfhibited by V.

vitis-idaea after any of the treatments.
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20{ - Betula nana - '
15 - N ™7
10 | :
__0.51
220 o Ledqm iglu;frg :
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Figure 38. Effect of N’ and P on. elongation of current year stems in
' " Betula’ nana, ‘Ledum. palustre, and Vaccinium vitis-idaea.

. C>=_controT. Columns under a singTe ﬁorizon 1 line are not
signif1cant1y d1fferent at P'= 0. 05




_Results of- the analysis of covariance (ANCOVA) and the’

¢

multiple range tests on the effect of fertilization on net
‘ T

'annq{p production of the. different tissue compartments of B.

nena. palustre, and V vitie idaea are presented ih Figsi‘

39,- 40, and 41. ‘.Adjustment of treatment means using _ANCOVA
produced no trends in net annual produotion that were not
showh ‘by the unadjusted means.- Only relative amounts of
change in production were modified by the - ANCOVA analysis,.
Fertilization had no significant effect on the net

production of either current stems current leaves or total

v

\current\\issue of B, nana. even after correction for
differences in non-current biomass per'treatment Nor did
any trends in net production appear amongst the tissue

types 'except for an increase in current stems after N

‘;T-‘ " g%% -

The adjusted meens'of net annual'production for-

‘fertilization.

different tissue types in the evergreen species showed
4greater differences after fertilization than did those of,
the deciduous B. :nana. Net annual production of L. palustr
iwas not significantly affected by any of the nutrient
_additions when compared with the - control
Fertflization'did'increase q@rrentistem production in

L. palustre. Relative to the control, addition of Nep

*
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Figure 39.

5- K , ) | . | /'A .
2 - Current Stems
= 31 | A
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Covariance Mean Adjustment

Betula nana

Total Current Tissue

" b A o
- adeste'dl ~Il‘uﬁ-;adjw_a‘%te:g’_i’é..‘.a;‘ 52
- O W ' P 'Q". S

201 . Current Leaves
30- | | ~ |
10- -

C P N NP

Treatment

Effect of N and P on dry weight of current tissue in Betula .

nana, ¢ = control. Adjusted refers to data.adjusted by

UVA to account for differences in non-current tissue among

~ plots. Columns under a single horizontal 1ine are not ‘
significantly different at. P = 0.05.
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Covariance Mean Adjustment

N Ledum palustre
wi{ 1t o
1 (1] Total Current Tissue
. 0 .
[}
o adjusted unadjusted
n : '
* —
7 18 +H :
o 7 | . o
E e A . n . .
o ’ + ' Current Stems
T 101 r+ F S -
= . 1 '
= 0.6 ‘ .
W i
$ , : .
0.2 L
| 4 ‘ %@
“'f - C_uff‘enf Leaves
10 A ‘ H
6‘ .
2 -t =
C_P NNeP
-~ Treatment :

Figure 40. Effect of N and.P on .dry weight of current tissue in Ledum
alustre. -C = control. Adjusted refers to data adjusted by
ANCOVA to account for differences in non-current tissue among
plots. Columns under a single horizontal line are not
significantly different at P = 0.05.
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Covar_iance Mean Adjustment
Vacein: itis - id

| L e Tatal Current Tissue
101 . ' _ F» : ¢

6 - m | |
W 2- | mm | ad-jusfed’—]] unadjusted

-
+

b
.
1

-
weight (g.m™2
2 o =
AR

r‘H’ Current sfe‘ms |

- Current Leaves

10+ '
1 M S
C P N N+P i
Treatment

Figure 41. Effect of N and P on dry weight of current tissue in
Vaccinium vitis-idaea. C = control. Adjusted refers to data
adjusted by ANCOVA to account for differences in non-current
tissue among plots. Columns under a single horizontal line

- are not significantly different at P - 0.05.
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resulted in a significant production increase oﬂ T1%.

Fertilization with N and P had ro significant effect on stem,

growth.

Fertilization'affected total production.and production
of current stems and current leaves in V. vitis-idaea more
stronaly than in either B.-nana or L. paluastre. Net annual *
production was unchanged with N or P addition. The combineo
addition of N+P significantly increased production of
curront tissue“by 182%. This same pattern of dignificance
and.increasea occurred in the individual tiipue compartments ';
of current atems and current leaves, étems ano leaues»had
no sigrificant production inereases with fertilization with
N only. Aodition of N+P together increased.annual
production of étems and leaves ?551 .and 182% respectively,
both increases being statistically significant Application

of P alone caused Little or'no changeﬁin production of

either tissue.

Discussion g

'

The aboveground biomasss of vascular plant communities

at arctic sites around the world vary widely They range
-2
from lows of near zero g m uithin polar deserts in the
-2
Canadian Arctic Archipelago. to highs above 2200 g m in

low shrub communities at Disko Island, Greenland

’

. B g : . ot ’
+ . -~
b, 58 . ’
o
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..2 4
(Wielgolaski et al 1981) The biomaas of 278 g m  in

this study was nearly identical to that renorted by Heag
-2 _
(197“) in a similar community 70 km north (285 g m ), and

very similar to a dwarf shrubfheath in the Low- Arctic at
-2 .

Harp, USSR (275 g m ) (Gorchakovsky and Andreyashkina

1972). It was greater than a dwarf shrub heath i{n g highly
S =2
productive high arctic site on Devon Island (145 g m. )

(Bliss et al. 1977) and that of a wetter, coastal dwarf
)
Shrub community near Barrow, Alaska (63 g m ) (Webber in
B } je4

Wielgolaski et al. 1981) .

i

The estimate of net annual aboveground produotion of
-2
vascular plantg at Parsons Lake (54 g m ) was slightly less
-2
than reported in Haag's (197“) work (62 g m ), but greater

o

than Gorchakov;;;'and Andreyashkins (l072) reported from
, -2 -2
Harp, USSR (42 g m ). Production was only 25 g'm at the

Lo R4

coéstal Alaskan site b‘myber in Wielgolaski -t al 1981),
-2
and 18 g m in the dwarf shrub heath at the Devon Islandp-
high arctie site (Blisc at ‘al, 1977): both mucﬁ less than
the 1oy aratioe site-am the present atudy.
»aj,l;a_,"
The dominaﬁ@e gf both aboveground biomass, and net

annual production by B. nana in this community reflect

characteristics gssociated with its deciduous .Browth form.

The large stem component that,gave upper canopy dominance toﬁ

B. nana leaves contributed nearly half of the community

s
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'bionase. The retention of - thie supportive structure after
o ; .
cits deeth produoed a low retio of 1iving to dead aboveground -

- _2 . . :
tissue (107 g o living stems va..81 g m deed stems)

\

~ The retention of this old woody tissue may have some

-

adaptive edvantazes. Shrube in the Mackenzie River=Up1anda

are generally lihited to areas where a proteetive winter'

. .

:se sitee, ehrubNheight is

Snow cover. exiete. end ik t

;f,limited to the depth of ‘the snow. cover (Corns 197“)

Branohee extending ebovefthe snow ere expoeed to uinter
_ : ’ o -
' desiocation. abrasion of b owing enow cryebale. and’ perpaps
increased herbivory by bird and mammals. The stems
N Ty

J;hemselves should-&low.wind eede and-cause depoeition 5r3

S Y

‘snow cryetela on the shrubei

orming a protective cOVer.
-The dead stems of B. hana nearly double the material that
'remains aboveground thue greetly enhancing the "anowfence"

- effect, and improvins the pfoteotive wihter snow cover."_ ‘<,

. e N
[l R
1 L N LA

The relatively hish ratio of . net annual production to-¥ o
biomass in B nana 18 a function of the produotion pf large
. nuubere of leavea each year. none or which are retained over

.~uinter. The subshruba L. galustre end V vitis-idaea

fcontribuced significanhly emaller percentagea of the total
A

cohnunity biomass end net apnuel production. rerleeting B

: their smeller stature relative to B neue. Both speeies

n.receive the benefit of the snow stopping ability of B. nana=

and are*aell covered by winter snow.‘but only at a ooet‘of

! : N "4- A B
: R '-“,. e D)
. B . e .-

- i ‘ N . - . .- -
e L B - o . . . . . . b . Ac
g o - . S v . e . - N : .
oL . R f Ci L. R [ . ) . .
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reduced radiation during the growing season in the lower

canopy positions below the leaves of B nana.

)

.

Hodbver, limited data on photosynthetic light response
curves for such understory shrubs as L palustre and’ V.

itis-idaea indicate that they may be photosynthetically

adapted for this shaded sub-canopy environment Limbach et

al., (1#82) shoued that V vitis—idaea reaches 1ight

saturation at’ lower levels of intensity than B, nana. whpse

leaves receive greater amounts of radiation in their

e

. upper-canopy position. Additionally, they found that the

optinum temperature for photosynthesis was loﬁﬁr in v.

vitis-idaea. Thus.:!r vitis-idaea appears to have

photosynthetic characteristics that would be adaptive in the

understory environment
1
coe s '

* B . Ty . ~

In the lower energy regime of the sub-canopy. p,

palustre and y. vitisfidaea exhibited a lower annual

N,
’

turnover of carbon as indicated by the lower ratios of net

: annual production to live standing erop - than in- B. nana.

Carbon that was fixed during a growing season was retained

B Hithin the plant 1onger in the evergreen species than in the

deciduous species. And importantly. retained tissues were‘

primarily photosynthetic in nature. as opposed to the
supportive tissue retained by B nana. AThis supports the

hypothesis of an evergfeen strategy of effioient use - of

s
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N
/photoaynthotio tisaue over a long pcriod or time (Johnson

n

nnd Tioazen 1976)

nnln:nrotib,tundra soils havn vory low levels of many-
plnnb nutrinnts, and those soils upon whion thc dw-rt 'hrub
col-unition of tho Naokcnzie Doltn uplnnds grow are no
onoptiqn (Hao; 197# Table 8 this study). Total uv.ilable ,
Anitrogon in a1l rour oxperinentnl plotl was lesc thnn 1 ppl.v;(

and available phosphorous was lesa than 26 ppn.- Sueh lou

lovols of availlblc nutrients are. plrtially r.sponsible for

N3
!

the rolativoly low growth rates lnd lou productivity of
_these tundra areas (Shultz 1964, J-nz 1973. Hnag 197u
Shaver and Chapin 1980).

RN

-

An inoroaso 1n growth in responso to artifioial
aupplonentation ot these nutrients- has been used as v
indication that they are indeed limiting (Shultz 196u Ha;g‘)l
1974), - Chnpin (1980.) however, cautions that thia test may
"not be entirely valid beoauae'slowly growing Plants adapted
jto low nutriont rogines nay not show the same large

inoreases 1n growth observed 1n crop plants with ‘high growth
rates. These slowly growing Plants are adapted to low
nutrient aituations and may: reaponn by 1ncreasing tissue
nutrient concent?ations through luxury oonsumption more than

by inorensing produotivity (Grundon 1972 Chapin 19803, .

n.Shaver nnd Chapiﬂ 1980).
o |

\ ; : | | ',‘.f | \ ‘w
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in'this-study. the response of plants“to fertilization

I

'was variable, but. the increases in growth and production
uith nitrogen addition suggest that nitrogen is among the
:resources 1imiting production. The greatest and most
significant increases occurred when N and P had been applied

tozether. while the addition of P alone'was not associatedﬁ

with production increases in any of the three species. This

R

interaction of P and N, and the lack of response to P alone_
- suggests that produotion limitation in the tundra is - not a

function of any single«factor Low levels of P do not(

appear to have been a- limiting factqraﬁy themselves. rather~

the low levels of N appear to have limited the ingorporation

or use of P.

Stoner et al. (1978) suggested'that the deciduous
growth form should exhibit greater response to nutrient_
supplementation than does the evergréen growth form because
of the annual loss of . nutrients durfng leat‘senescence .The
results from this current study do not support this
hypothesis. "The response ofldecidUOus B. nana to nutrient

daddition was far less than in either of" the two evergreen

species. L palustre or V. vitis-idaea. In fact the lack

.

of response of either stem elongation or production of
current tissue in B nana to any of the fertilizer

treatmengs is in contrast ‘to the results of Habg (1974) and

Shaver and,Chapin (1980), both of whom reported increaselin)

5

-

153

*



production. particularly with a combination of N and

P. Ledum palustre and V. vitis-idaea both showed trends of

‘increased growth and production after fertilization with N

and N+P, partioularly the latter. Only y. vitis-idaea

exhibited significantly greater amounts however.

.o

Direct comparison of - these three species and their

response to fertilization may not be very instructive Since

each has a different rooting pattern and may thus be exposed

naturally to a differeJt temperature moisture. and nutrient

regime, Vaccinium vitis—idaea, whieh;showed the.greatest
response to nutrient addition, roots in\the-uppermost 10 - cm
of the soil, where fertilization may have had the greatest
effect. The two larger specles root primarily at greater

depth; with g. nana roots occurring,down to'30—50 cm. The

additional nutrients may havefreached thesé»depths in much .

lower amounts.

The relative laek of response to’fertilization in this
study. in contrast to the response observed‘by Shultz-
(1964), Haag\(197u) _and Shaver and Chapin (1980), may have
occurred because of low soil nutrient 1eVels._even after
fertilization. Fertilization rates in this current study
were similar to those used by . Haag and . Shaver and Chapin.

Analysis of soil nutrient levels (Table 8) one and one half

years after fertiltgation indicated little effect from N

154
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‘addition, and only a slight elevation in P: levels when P was

- . -~

added alone. No increase in P was noted wWith the combined M

7

N+P treatment This lack of response of soil nutrient
levels to fertilization was also noted in a similar study by
Shaver and Chapin (1980 F. 8. Chapin III, pers comm.)
;These 1ow levels may have been caused by removal .of the
" nutrients during melt water runoff complexing of. the
.nutrients with organic components of the soil or by uptake

of all additional nutrients by t%e plants themselves. The

3

lack of response of the vascular plants may also have been

'

.cauaed by N and P being taken up by such other organisms as

microbes and thus. not be available to the vascular

species.

-



CARBON‘ALLOCATION

.,Introduction

&

The partitioning of photoassimilated carbon among

functional tissue compartments is an important adaptiVe

characteristic in the survival strategy of plants (Grime

Although allocation of carbon to different

compartments has long been estimated indirectly from

measurement of biomass (Johnson and Tieszen 1976

Flouer-Ellis 1980) the availability of radioisotopes has

made the direct measurement of partitioning in plants

possible. Radiooarbon has been’ used for several decades as

a tracer in studies of carbon allocation patterns in

agricultural and economically important plant species

14

(Hardlaw 1968) and the use of - C as a tracer has aided

determination of carbon movement in seedling and mature

evergreen. needle-leaf oonifers (Dickmann and Kozlowski

Gordon and Larson 1970)

Only recently has the technique been applied to arctic

or alpine plant species.. Svoboda and .Bliss (197&) used

autoradiography to determine viability of Dryas int egr ifolia

14

roots. Collins and Oechel (1974) used C to. determine C

'igrowth and translocation patterns in an arctic moss

, Polytrichum (P gonatum) alpinum. U@ing the technique,

156
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. Johansson (197”) noted difrerenoes in allooation patterns

between a small evergreen shrub Andromeda polifolia. and a

dwarf deeiduous woody species. Rubus chamaemorua. in

,northern Sweden. Berg et al. (1975) reported distribution
of photosynthates in woody and herbaceous species from a

Norwegian alpine site. In an arctic‘graminoid.from northern

"Alaska Dupontia fisheri, Allessio and Tieszen (1975a.'
1975b) demonstrated similar patterns J? carbon distribution
among different age classes of leaves ‘as well as varying'

. degrees’ of interdependence among tiller types.

TheSe'studies;;iuoludinguthe'eurrent one, discuss in a

lqdalitative manner the distribution and‘movement of

assimilated radiocarbon over a’ short period of time. usually
'less than one year. Rosberg et al. (1981) recently o
estimated the carbon flow for severaI years through a

Calluna heath eoosyste@»in Norway. using similar pulse
14 HEF .
.labellingpby co .
. . 2 N

hethods T

To assess allocation of carbon fixed at different times : usf

during the growing season to aboveground biomass
‘ 14
’ eompartments, plants were allowed to assimilate .:Ce

E Individual plants were labelled by sealing them into a 2. 6 L
14 o
plastio cuvette and inJecting 0. 025 mCi of ! CO_'into the
: , ‘ , 2 ' '
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g
A |
. ecuvette. The CO was generated by acidification of 0.5 ml
S . 2
1w B -1

Na -CO3 aolution (activity 0.05 mCi ml ) uith exceas 1N
“HC1. A amall eleotric fan in the cuvette minimized boundary
layer effects., Plants were exposed for 20 min, . after which

~ the. cuvette was flushed with fresh air and then removed.

All B nana and L. galustre individuals that were labelled

had both flowering and vegetative shoota : Labelled V.

vitis-idaea had either flowering dnd vegetative shoota or’ a

'flowering and a vegetative plant were each 1abelled

i . ' : 14 - . | L.
N X N ' ~
Betula nana was labelled with CO three times in the
o 2
growing‘aeaaon{ July u ‘When leaves were beginning to

exband;‘August 1, when leaves were fully expanded and

AugUSt'30 1978, after growth had halted Ledum palustre

~and V. vitis idaea were labelled four times in the grouing

season; June 13 17l before current leaves had etpanded but

‘ .y
after regreening of older leaves, July 5 6, when current
'leaves were beginning to expand August42-u, after current
‘leaves had_expanded{ and August 30, 1978, after growth had
_ D : 7 , .

halted. : L e

hairs of labelled plants;of each species were harvested
3, 24, and 48 hr. 1, 2, 3, 4, 6, 8, and 11 wk after
'expOSUre. as appropriate. For example, no plants were

_harvested after September 3, and thus‘plants exposed on’
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Auguet-3bwwere'on1y harveeted 24 and 48 hr after iabelling.
, After.herveet,'dlente were eeperatedlinto biomass

compartments besed on age nnd funotion ‘(see Chapter 4),
(]

~dried at 40 C for 24 hr, end weighed to the nearest 0.001

s. Tissue samples fron_eadh compartment were combusted in a

]

&

Peokerd TriCarb Sample Oxidizer (Model 306, Packard
14

Instrunent Co.) with the co ebaorbed—into;Cerboeorb
2 .
(Packard Inetrunent Co. )~ and . eutomatioally mixed in a

acintillation vial with a Permnflor II sointillation
oooktail (Peekerd Instrument Co ). Actrvity of the recovered

sample ‘was determined with. standard scintillation counting .

techniques (Wang et al. 1975, qurooks>1976).

Frequent coubustion of n standﬁrd of known activity

~

1nd1c|ted -the sanple oxidizer reooveredqhore than 98$ -of the ,
14
: C in a given tissue. However, estimetes of eample

..variaace Were high for nany biomass oompartments at most
fsanpling datee beceuee of the smnll number of samples (tuo

1n noet ca ee) Deta are expreeeed as oonoentretione of
, - -1 -1
radiocarbon (disintegrations min g ) of plant tiseue. and

relatlve quentities of radio.otivity recovered tron each
' 14.
plant biomaes eonpartment (percent of total c reoovered).

Because or the great diffioulty in botW'determining the
extent of a whole plant in theae vegetatively reproducing

 species, and of harvesting the entire underground tissue of

D
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an individual plant. no estiuate of total carbon allocation

'to underground tissues was nade. The concentration of

radiocarbon in samples of underground stem or rhizome from

" each plant varied: ‘greatly, and showed no pattern regarding

either timé when labelled, or time after labelling.
. 14
" In general, relative concentrations of C are an
indication of the sink strength of each biomass compartment,
while relative proportions (%) describe movement of _

’

radiocarbon between biomass compartments (Hilchunas et al.

1982) ervels of tissue concentrations of radioactivity are

b »
calculated independantly of other tissue compartments. and

changes 1in activity represent real increases or decreases in

carbon. Decreases in. tissue concentrations are caused by’

'respirational losses of carbon, the maJority of which ocours

in the first 48 hr (Tieszen et al 1974 and Berg et al.
1975), dilution of the radiocarbon within a tissue by
nonradioactive carbon associated with- continued .Browth, and

14
actual translocation of C out of the tissue.

Results

Betula nana

'
\

14
Carbon assimilated in early July, shortly after leaf

expansion, accumulated primarily in. leaf tissue.,and largely
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0

remained tnere until leaf fall (Fig. ‘“2). This stability
indioates little translocation of carbon out of the leaves
relative touother aboveground tissues The proportion of
recovered 1 C in these leaves dropped slowly from over 96%

Just after labelling, to 82% at the end of the growing

season, eight weeks later.' The concentration of

" radiocactivity in these leaves dropped rapidly for one week

after this exposure. but then remained relatively constant
for the remainder of the growing 8eason (Fig. 43). This

rapid drop was,likely due to carbon losses associated with

respiration or to translocation to belowground tissues The

14

fraction of c recovered from leaves after the August 1

»eiposure. when leaves were well developed decreased from

' 95% to 561 after one week, but remained at this level until

. those exposed in July, the concentration of radiocarbon in

the end of the growing Season. This drop suggests movement

of carbon from leaves to other aboveground tissues.  Like

these ‘leaves also dropped rapidly after labelling. but did
uot stabilize until two weeks later.

4
’

'Since Plants labelled at’' the end of August, just before

ieaf fall were sampled only twice. ehanges'inireoovery;

patterns are not obvious A large portion .of carbon was

recovered from leaf tissue (over 78%) after this exposure.

4

but the oonoentration of C in the ‘tissue was initially

muoh lower than after the two. previous~exposures.-as might

v
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—_ Figufe 42, Percéht of ]4C'recoveredfiﬁ 1eéves from total abovegrgund -
o . biomass of Betula nana. Each 1ine represents a seried of
“plant harvests from a different exposure date. Most pointsi—

represent N = 2,
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" Figure 43. '%¢ activity of leaf tissue in Betula nana. Eich line. -
, represents a series of plant harvests from a different.
exposure date. Most points represent N = 2. 7
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'be hypotheaized for leaves uith reduoed photosynthetic
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The proportiou of lasimilated radiooarbon recovered
‘fron current and non-current atems or B. _gg_ increlaed with _
ti-e arter both July u apd Augmst 1 lebellings. however the ~~§;
,;1rraction recovered fron non-current stems waa muoh larger ‘

,than that from ourrent stems (Fig. uu) The 1noreased

]

‘_ reoovery rate efter labelling was much greater after the
fAugust L expoaure.“ This 1abe111ng coincided with, the stem
f;weight gain that oecurred after most elongation had halted

rapid stem growth

Changes 1n radioearbon ooncentrations in current stema»r
|§ere simtlar following both the July u and August 1

‘asaimilationa (Fig. HS) After an 1nit1al r130,1 ' ' [?T«‘, o
l ." : 3 . . ‘. ._h .
’eoncentrations leveled off in the range of 5 0 X 10 DPn
- » .
'¢k5 .‘wh;eh~was aimilar to conoentratiena 1n leaf tiigue at L

"_phe:eaie ffne. This leveLing of radiocarbon concentratidns

i
' N 7

14

: ‘etFa'tine ﬁhen eteus were Still geining weight suggesta that
'_translocation of N C 1rto stem tieaue occurred and ;”

i -

'Qeeuntered the diluticn wibh new oarbon ehareoteristic of B

':_oontinued tissue growth. _'V B fvbfif‘ .H' ;'T'fwﬁﬁ_”r" ’;i'.
'.,.:?. ‘.“ \- - ".. PR R

-

By Auguat 1. pretormed 1ea£ buds appeared whioh would

fdevelop 1nto expanded leaves the follouing summer Carbon
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‘assimilated ihvearly July appeared in this bud tissue when .
harvested'four weeks later. Both tissue concentrations and:
the_portion‘of total activity recovered were low in a11 .
itissue samples from this exposure (Fig 46) In contrast
carbon assimilated on August 1 was recovered in increasingly
. larger portions from these preformed buds at later harvesta,
' eventually representing 13% of the total recovered four
Wweeks after labelling (August 29). The radiocarbon
u.concentration i;@this tissue was high compared to most
‘non-current tissue samples. but similar to that found in
'other such rapidly developing tissues as leaves and current

stems. Carbon was &hus translocated to these buds from “s\

other tissues throughout August

Reproductive tissue represented a very small portion of
: .the aboveground biomass in B nana (see Chapter u) and
likewise. only -a small proportion of 1uC recovered from the
f’plants was found in either male or female reproductive
tissue (Fig. 065, Concentration of radiocarbon in these

Areproductive organs remained relatively constant through the

.growing season after both the July and early August

6
_labellings (Fig. 45) This tisaue activity of about u X 10

-1

167

DPH g was similar to thaﬁ in current year stems. the other:'

major non-photosynthetic current tissue.,%“
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,:;Betula ‘nang |
 prefofmed buds.

'“c RECOVERED (%)
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*

: : ':, : F'igure46. |

tissue from total abovegroind biomass of Betula nana. Each -
Tine represents a series of plant 'ha-ryes-tgm'mffeﬁgnt -

R Ot ki T

e
T

oJuLy  AUGUST

Percent of 19C recovered in preformed ‘buds and reproductive

_ exposure daté. Most points represent N.= 2.

e
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Ledum pélustre . o . »//;,\\

s
-

-

o

Leaf tissue was the primary site of radiocarbon

aocumulation in L alustre aft lsballing with co (Fig.
Palustre aftep ,
47). The inoreasing percentage of radiocarbon recovered '

&

- from current leaf ~tissue in the periods after all three
exposures indicates translooation 1nto these sites . ‘
bthroughout the growing season. - Virtually no radioe:rbOn was
"recovered rrom current leaves immediately after the early
June exposure. when leaves were still within a bud but'
eventually reached a maximum of 11% in late August When
current leaves had at least phrtially expanded as at}the
.July 5 and August 2 labellings the amount of - 1uC recovered
from the tissue increased rapidly. reaching plateaus after

48 hr. * The increase ‘in ooncentrations o(-radiocarbon 1n
current leaves (Fig 48) in the ua hr after exposure
indicates their Mtrength as a sink for carbon. The gradual
drop 1n‘$oncentration after this initial period and in the
first 4. hr after the August s exposure probably was a
.function of. dilution of the 1 c 1n the tissue with continued

growth and from respirational losses.

Non-current L. palustre leaves of ‘all age classes
14

.'translocated c to other biomass compartments iqrthe plant
. A\
following all exposure dates (Fig. 47) This outward

tranalocation continued throughout the growing season. and;‘

<
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with 1ncreaeing rapidity efter each eucceasive expceure. Af
'the end of Auguat ﬂ"! of radiocarbon recovered from plente
e:poeed on June 13 was found in non—current leavee. while
:.only 145 wa; reccuered tron non current leavea from plante

| exposed .on August 2. Thia same repid translocebion from -
non-current leaves waa observed in plants labelled on Auguet"

30; when leaf_seneScence had begun.

Tissue concentraticn of radiocarbon wae sinilar in all

BN

- kY
‘age claesee of non-current leaves (Fig. us) and this

concentration decreeeed in ‘a similar pattern 1n all age
'cleseee efter the. difrerent expoeures N Concentretione in
the 3 yr leef cleseee were abcut one-helf or those in 1 yr
leevee at the end ot the . growing season. o
: _ .14 ‘ '
Allocation of C to stem tissue. both current and ‘
ncn;curgent occurred after all four lebelling dates. es FNA;//

: indiceted by the increaeee in. $;cportion of radiocarbon

N recovered fron those tiesuee jffﬁr exposure (Fig.~49). d'; n
‘1bin current sten tfseue did »
not oeaur until at leeet one week efter the plent hed
aesilileted the radiocerbon.‘.Cunrent etemevlabelled June 13

- 14
showed eocunuleticne of C-only after 8 ewf 11 wk with
only 1% of the radiocerbon recovered on the latter dete fro- .

.current stem tissue., 3 | ' ,rﬂ,‘ o

RN
\
[
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204 .
- eurrent stems:
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Figure 49.4-Percent of ]4C recbvered in current and'non-curreht stéms-

from total aboveground biomass of Ledum palustre. Each 1ine
represents a series of plant harvests from a-ai?ferent :

173

exposure date. Most points represent N = 2. .
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Hon;cur}ent stem oompartments had larger amounts of
radiocarbon translocated -to them. than did currené stems—
Radiocarbon was $yident in these tissues within 48. hr of.
exposure. Over 50% of" the maximum allocation ‘to non- current
sStems had been received by the end of 48 Hhr after the June
13.,July 5 and August 2 labellings.' The maximum percentage
. of. total radiocarbcn recovered from non-current stems came
from the last plants harvested from all four exposure
groups. those collected on August‘30.

14

Tissue concentrations of ~C in current stems exposed
before expansion of current leaves (June 13 exposure) rose
above zero only near the end of the growing Season (Fig
‘50). This lack of current stem allocation early “in the
'growing season ‘was, partially the result of difficulties in
physically separating current stem and leaves at this stage

of development fs well as .the small amount of stem grouth
A

¢

that occurred* en;' The tissue activity of current stems
rose very rapidly in the MBrhr period aftbr the July 6 and’
August 2 exposures. indicating that the tissue was a gtrong

'l sink for assimilated carbon at that wime.‘ The concentration

of radiocarbon in ourrent stem tissue continued to rise for
B Y ™
two wea}s after the*ﬁugust 2 exposure, reflecting a

,eontinued movement,of radioactive carbon into the tissue.

The decreases in conoentration toward the end of August
- 1u .
probably reflected a dilution of thd . C in the rapidly

:
i
!
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Figure 50. MC act'iﬁty of current st :_tiés;}e in Ledum palustre. Each
Tine represents™a series of plant harvests from a different
exposure date. Most points represent N = 2. ' ..
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growing tissue with non radioactive carbon fixed arter the;

1n1tial labellingn

14

Movement of C to reproductive tissue is indicated by
I3 . . .

the increases in the portion of radiocarbon recovered from -
that tissue relative to that recovered from theh‘ptire

planﬁ. espeoialliﬂﬁn the. first week after labelling (Fig.‘
v . 1 u . B
51)..”0n1y'a'smé11 fraction of ‘the total C recovered in

the first 48 hr after the early Summer exposure came from

-

reproductive tissue, however bnly 3 hr after- exposure. 3. and
12% Here recovered from 4<hese tissues follouing the July 5
and August 2 aasimilation periods. The accumulabion of
’radiooarbon in reproductive tissue was eventually relatively

large. yith final values on’/ August 30 ranging from a low of

& »

‘16% (June 13 exposure) to a high of 39% (August 2, exposure),

‘exoluding those labelled on August 30 L : - ('

~
- o

14 - -
The patterns of T ¢ eoncentration in the reproductive

o

tissue following exposure were Ss4dmilar to the patterns of
14

recovery of C from the same tiasues'(Fig 52). Haximum'
levels of tissue concentration were reached*one week after

exposure, and generally remained near this level until the»
y ' 1’4 .
end of August suggesting that ~C was.oontlnuing to be -
, | - .r
moved into the tissue. . LT

. " . . - ‘3 /\ .
Fy ' . . f - .

"Radiocarbon assimilated during the Various-expoeure

. . )
r - - . C . -
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‘Figure 51. Percent of '*C recovered in preformed buds and reproductive

R AP t-1s?'(ue from. total aboveground biomass of Ledum palustre.
Each line represents a series of ‘plant harvests .from a.

-different-exposure date. Most points represent N = 2.
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MC actithy of reproductive tissue in Ledum ga]ustre Each
1ine represents a series of plant harvests from a di f’ferent
exposure date Most po1nts represent N = 2.
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periods was. also allocated to preformed buds. current tissue

associated with %gowth the following year (Fig. 51) Only a

small amount of C was ever recovered fromvthese preformed
vegetative and/reproductive buds' values were always under(
61 of the total The greatest amounts recovered from the

.preformed buds were from samples harvested in the last two
weeks ' of August. Two of ;he larger :Eactions of total 1uC'

'recovered were from samples harvested only 2" and 48 hr

after the August 30 exposure (3$ in both samples)
ﬂﬁa

) ’ .
- ~

\

Vacciniuh vitis-idaesa .

Ce

, o > 1y B ‘ . ‘
The.allocation of C among aboveground tissues in V.

vitis-idaea was very sim1lar to that in the other evergreen

shrub L. Qalustre.' At all harvest dates and’ after all

labeblings nearly all radiocarbon was recovered from leaf

tissue, with the majority recovered from non- current leaves
v .

(Fig. 53).

- -

’

Very little radiocarbon was initially recovered from

current ‘leaves. labelled on June 17 (Fig. 53). After eight
weeks this recovery rose to 71. and finally to 11% on August,
..... 1“ o

30 At least 2! of the c recovered from- the three later

exposures was found in ourrent leaves after only three hrh_/

This differencehbetween the first 1abelling-and the later /

three reflects'the'laok of photosynthetlc competence of

v

-~
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Figure 53. Percent of ]4C recovered in-current and non-current leaves
from total aboveground biomass of Vaccinium vitis-idaea.
‘Each 1ine represents a series of plant harvests from a
‘different exposure date. Most points represent N = 2.




S " S e
current. leaVes in June. The portign found in leaves exposed
July 6 increased with each succeeding harvest eventually
reaching a maximum of u1$ The majority of this increase

’

came during expension of current leaves. Leave&\_abelled on
Loy \
- August u reached their maximum recovery rate within one week

of exposure.

0ld leaf compartments contributed the greatest amount
oﬁ qecovered radiocarbon three hr after each exposure. with
a decrease thereafter. suggesting translocation from the
'.tissue throughout the growing season. The rate cf this
decrease was: different after each labelling. The fraction_

14
of C found in non current leaves 1abe11ed on June 17

'7decreased throughout the growing season‘ but only to 76$.byﬂ‘”
"Kuguat 30. The contribution of hpaves'labelled on July 6
\had decreased to about 50% after one week and everﬁually.
‘reached a low of 358 by August 30. After the.August Y
exposure. ‘the amount ofmradiocarbon recovered from ' '
non- current leaves decreased ‘at a rate similar to that after:
the July 6 labelling. .

‘ : ‘ 1&
Tissue concentrationa of C in V. vitis-idaea current

ileaves also folloued a different pattern after each of the

. separate 1abellings (Fig §u){' During the period of primary ‘ﬂ
’ 4

leaf grouth (June 17 and July 6 eXposures) the current ’{

leaves were,strong sinks for carbon_and showed’andinitial»V
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TISSUE ACTIVITY (dpm g'x108) . . . .

" Figure 54. 14¢ actwity of -current Teat tissue in Vaccimum
vitis idaea. Each Yine represents a series of plant harvests

- from a .«
' Nj»Z

erentxexposure date Most points represent

JUNE  JULY  AUGUST

-y
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increase in radiocarbon tissue concentrationsif

increase was folloued by a gradual drOp in concentration.
18 S : j
primarily asaooiated with the dilution of C uith more gﬁ“

.ﬂ_ :

recent non—radioactiva asaimilatea in the growin” ttsaue.‘.f_ =

Carbon assimilated late* inythe growing season (
T v L . =
after leaves had fully exvanded remained at about the same

ug st u)

concentration from UB hr after exposure yntil the end of the

,‘bason. : _,“ef“{”f~d9f:fffm_751f
. . ) . . - N .
All older ‘leaves exhibited similar patterns of
‘-l' . . o N -
radiocarbon tissue concentrations following the four '3_ ”ﬂ\"
' ’ ‘v ‘h_ '..‘
labellings (Fig. 55) Concentrations dropped in the first

’I N -l .
two weeks’ from ‘the initial high levels reached after ue hr.‘i_fv By
“to a. louer plateau at which they remained until the end of
‘the growing season. All older 1eaf clasSes had similar

| 1y _ _ o
tissue eoncentrations of  C.u S ' Q

vitia-idaea was similar to aocumnlation in. atems of L‘

R 1u o i
Ealustre._ Translocation of ..C from leaves to stems., S
= o 14 ‘
occurred very rapidly after exposure of a plant to ¢co ,.

: 2
~and in most - cases. this‘translocation continued for the

»

‘remainder of Ze growing season (Figs. 56 and 57) - No major’

L]

ltranslocatio. to current stems ocourred after the June 17
labelling for several weeks. but did occur immediately after

asaimilation later in the’growing season, The‘greateat




1x106)7: "

s
ST e

i
1
|

Figure 55.

JUNE  JULY  AUGUST

MC activity of one Wo year old , and three .
year and older leaf tissue ceinium v1tis idaea. Each
line represents a series’ of plant harvests from a different
exposure date. Most points represent N 2, L
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Y Vac‘c-.i-n.i:ufm. vitis “idaea
.- S ' {3 - T

current stems . .

Figure.56.
-

JUNE - JULY  AUGUST

—_ - ,

pE

‘Percent of 4C recovered in current ‘and non-current stems

from total aboveground biomass.of Vaccinium vitis-idaeq. .
Each line rep nts a series of plant harvests from a
differen; exposure date Most points represent N. = 2.
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MC activity of cufrent, one. year old, two year old, and
three and older stem tissue in Vaccinium vitis-idaea. Each

" line represents a series of plant harvests from a different

exposure date. Most points represent N = 2.
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'accumulation-occurred'aftertﬁhe early July;labelling.vnhen’ |
stensvwere activelv growing.'and thp fraction o} total
recovered oarbon eventually reached 5% by the end of the
season. Non-current atemd accumulabed app/ecdably more 1"5
than did- current stems. and this accumulation began

immediately after all four labellings. The nercentage‘ot fﬁ
. radiocarbon recovered from thé non- current stems generally |

‘increased over. the whole growing season. with %he rate of

increase~ri%ing with each successive exposure. k

KN f
Vi S ) ) .
-

o . : ¢

The concentration of radiocarbon in stem tissue - ¥
reflecpedithis movement of»carbon into the tissue after
asaimiiation, Little tissue acbivitijas'noged in ihe first
two weeks after fhe June enposure; ; time -when little“sfeﬁ
growth waa.occurriné. ‘Increasea in’radiOcarbo; ;

concentration in currenu stems after two weeks indicate

translocation to the tissue, as growth was initiated.

When young stems were beginning to-elongate (July 4
. 14
exposure), labelling led to a high concentration of c

" within 24 hr. The concentration dropped slightly towarda
the end of the growing seasonl1 with the decrease probably
associated with,dilutionaof 1 C by more recently assimilated
carbon'as gronthlcontinued When radiocarbon was , -
asaimilated after the maJority of current stem growth had

1.
occurred (August y), concentration_in the-tissue still rose:
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until late August, suggesting continued movement of € into

‘the.tissue from otner,ccmnartmente'df_the piant.
Radiocarbon concentrationsvin all ncn-current stem v
ccmpartments remained relatively low and constant throughout
the growing season after an initial increase in the first 2u
" to us hr following labelling (Fig. 57). The non—current
stem'compartment increased slightly after the August u
labelling. paralleling a similar rise in current sté@s

)

tarbon accumulated in reproductive tissue at all times'

‘growing seaacn (Fig. 58). .The concentrationbof
raj:;carbon in floral tissue-rbse inmediately after the June
16 exposure, but this carbon did not become a. significant
;portion of the total recovered in a plant until two weeks
'laten. A large percentage of carbon fixed on July u was
soag recovered from- floral tissue, a pattern also exhibited
by tissue concentration. indicating allocation to this :
ifc;mngrtment. A drop in both concentration and amount .
recovered in the latter portion of the growing season after
this exposure suggests no further July R cﬁkbon was '
translocated tc the tissue. In addition.‘carbon already
present was diluted by non radioactive carbon.AlCarbon:ﬁT | *
assimilated during fruit developmenti(August 1u exposure)'

continued to move to the strong sink of the fruit for the

remainder of the growing season. increesing tissue
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) Figuré 58. ]46 activity and percent of ]4C recoVered in.reprod0ctive

tissue from total aboveground biomass of Yaccinium
vitis-idaea. Each line represents a series of plant harvests
from a different exposure date. Most points represent N = 2,
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concentratiohs of radiooarbon This also resulted in
greater percent recovery of radiocarbon from the fruit
s . . N M

M ‘ " .. - - ~

Discussion -

Betula nana

R 14 ‘ ERTER ' -~
v Allocation of L C to aboveground biomass compartments

of §.-nana reflected the deciduous growth form of the plant

‘with no photosynthetic apparatus in place at the breaking of‘
dormancy. deciduous’species must rapidly produce leaves if '
~net. assimilation ‘is to occur with the production of
/carbohydrates Carbohydrates stored in underground stems
'and roots are used to initiate this development of new .
}photosynthetic tissue when dormancy is broken (Chapin L)

14
1980&). High concentrations of C within 3.hr of

assimilatign in these newly expanded leaves (Fig._#?}h
1ndicates they attained photosynthetic competency very“
‘rapidly. The similar concentrations in 3 hr harvests from;..
ﬁarly Juty. when leaves had Just expanded and from'those‘in
.early August -after full expansion 5ugg£st that the
photosynthetic apparatus 'was fully active in early July

This radioactive carbon represented nearly 50% of the,totalﬁ
1uC-generated (5.5 X 107 DPM) in the cuvette. Johansson and
Linden (1975) reported high photosynthetic rates in B. nana

. ARV
in recently’ expanded leaves., A rapid drop in C recovered
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nylfrom leaves within the first week after expOSure was also

;;fnoted 1n various northern species by Allessio and Tieszcn

3'27_)

\@l;(197u) ‘Berg,et aI' (1975) .and Rosberg et al (1981)

r“'RosbcrgAet-al K1981) Tworking 1n a Non;egian Calluna heath.,f“
. ) ) T ) :

fconcluded that tnis drop in recovered w G represented

-_,,, '\ P T

erespizftionalﬁlcssea. rather than tranglocation..because no"

Eph. b

| radiocarbon~to account for tMc losaeJ was found in either ""Eﬂ

,abOVegrOund cr belowgrdund compartments.»'

6 : ORI

/
v C

- o * ot sy n :

Carbon agsimilatec aa the leaves were completing tneir

f:expansion.was pbo‘ably 1ncorporated 1nto»leaf gtructural

"oomponents. ratherm

te 3

.Uhan enbering thc pool of total

Z“F:non-atgyctural carbohydrates.‘rThe large percentage of .

e

'f"‘v|vv_
ra%iocarbon from this early July exposure recovered fromf

J

qleaVes through the remainder of bne growing seaéon."as well

“as. the stability of tissue concentration&hafter the; first'“'

e
'x.J‘

'“'week indicate that much of this July carbon ‘wa’'s - retained in'

,‘n

leaves untilmbcaf faLL and waa never transported to >

' ' : . Bk K . o .
«overwintering compartments. e e L~ffs,pt T
SRR e e e v
T _ L S A T
-.'f-::-;‘-,-v’, - ' Y ..' . . o . ' . - o el . . . - .r . .
T . Pay . P e
Once leaf structures were" well developed; less carbon 'ﬁﬂ:ﬁ'

:150$ of carbon recovered From the early August assjn&lation‘j.“

~not reflect]

5waa rettinpp within the leaves thcmsebves. and more was

tranélooated tq obher &eveloping tissues. Though more than:

ﬁ

was still found in leaves just befone they fell‘ this may

e

arbonqretchtion 1n all leaves.ﬁ Leaf
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4".development in B ‘nhana° 1arge1y occurred synchronously in

spging, however. additional leaves were ‘still forming at-

. o

;Qd_someﬁnodes in.early August. and some of ‘the high recovery

1_represented structural material in the late forming leaves.
»No drop in radiocarbon concentration in leaf tissue ‘Wwas
noted after mid August as might be expected if'carbohydrates

er other ord&nic compounds were exported to storage areas

elsewhére in the plantgbefore the loss of the leaves.

The low tissue concentration. but relatively high
percentage of carbon recovered from leaves 48 hr after the
August 30 exposure, probably reflects low levels of

photcsynthetic competency late in the growing season : Fall

coloration of leaves had begun by this time. and reduced
s£hlorophyll levels undoubtedly contributed to lower. N
photosynthetic capacities, Reduced photosynthetic rates on_

the approach of leaf ‘senescence in B nana Were reported by
< (! . . ¢ h ‘- %
Johansson and Linder (1975)

Some carbon was being translocated .to. developing stems

in early July. indicating that equrt of carbon was

Occurrin while leaf structures were still a major sink for,y

assimilates. As leaf development slowed in early August
and stem growth Fontinued carbon was translocated to stem
tissues at greater rates than earlier in the season, and in

“‘,ﬂ [ -2 -
larger amounts. - rThe movement of carbon to both current and



Y

%nqmﬁcurrent‘stem3t¢ontinued to the end of the growing~
seasOn. Approximately equal amounts of carbon were moving
to current stems as they developed in “length and diameter..

and to non- current stems. The carbon translocated to .

W

nonfcurrent stems was probably used in"part for radial

increases. "No. sudden increase in carbon allocation to

i

'aboveground stem tissue occurred in the period before leaf
senescenee that would suggest movement of carbohydrates to
storage areas in these: stems that would prevent loss of\that
carbon in. falling leaves. h ' “ﬂ

Temporal differences in aboveground carbon allocation

of B. nana reflected a priority in carbon demands. Large

amounts of the first photosynthates produced_aftervleaf

expansion were committed to'furtheﬁ'deVelopment of'essential By

strdctures needed for surviyal Only after photosynthetic
'tissues were completed did the majority of carbon get
-distributed to 'such structures of lessyimmediate importance;

)
as stems.

Neither the deciduous male or female catkins ever
hepresented a significant portion of aboveground biomass in

B. nana. And likeuise, allocation of radiocarbon to these

8
tissues was relativley low throughout the year. Movement of

‘ 14
«.7assimilates to reproductive compartments was rapid -with’ _C

i‘appearing within 3 hr of fixation. but. also appeared to be
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limited in duration. uith little further transfer beyond vhe

first week after assimilation.

Both leaves.ann eatkins_expanded raoinly in early
.stage; of the growing seaeon from»buda tbat nad'been formed
during July ahd August of the previous summer; Relabiveiy
Small amounts of_earbon~fixed in early Juivaere
ineorboratedbinto theee buds, but signifieant amounts (over
12% of-the aboveground recovery) were uSeo in the

'development of these buds later in the season, when leaf and

much stem growth had been completed.

\

o

The presence of preformed leaf and flower buds when the
soil was beginning to . thaw, and when soil moisture. soil |
nutrients and carbohydretes were available would be an
advantage in produoing functional tissues very rapidly after
snowmelt.~ Allocation ofloarbon to the buds in the fall,
uhen bhotoeynthates were available and conditions for
'translocation were favorable. avoided. potential problems i \J'
with mobilization and translocation of carbohydrates in the -

early part of the.growing-season because of low temperatures

-and frozen soil.

Ledum palustre

oy

The elloeation of carbon toiaboveground compartments of

TS . . I %
: . . ;
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galustre was generally dominated by’ leaf tissue. witp:
_over 501 of assimilates in: aboveground tissue found in

'-leaves ‘at most points during the growing seaSOn. Unlikg B,

nana which supported a single age class of leaf, L. palgstre

maintained current year leaves. and leaves two or three

/

years old, to which carbbn was committed differently.

‘ Shortly after plants broke dormancy, as indicated A
bud expansionaand reorientation of leaves to a horizontal
position, older leaf classes were photosynthetically acyive,
with large.amounts.of assimilates nemaining withinrthe
leaves'until\the end of the season. This retained carbgh
was probably used'in synthesis of’ compounds and membrang®
that were modified upon entering dormancy and were. necegaary
to regain full metabolic and photosynthetic competence in
the spring (Tieszen 1972 197u Penning de Vries 1975) . .{gw

differences were- noted in the response of 1 yr and 3 yr

leaves at any time during the grcwing Season. As growth of.

current tissue commenced in other compartments. increaaiﬂgly_

less carbon was recovered from old leaves, both immediately,
after fixation, and weeks later. Once the immediate carbon
demands within old leaves were met, carbon was exportedvin.
'responae-to the strong sinks of other growing tissues.

The major sink to which this carbon was initially

o

'exported was to. the developing current leaves. _Because k.

195



196.

galustre had. a functioning photosynthetic apparatus in the. .

overwintered leevcs thereowas no need to produce a new set

of leaves Very rapidly after snowmelt’ ‘as in deoiduous \
\

- species. Once photosynthetic competenoe.had been restored.

to the older leaves, synthesis of both structural. and
s . -,.\ . . . . . . - .
physiologically active components in current leaves created

a strong demand for carbon. In mid—June. these developing

'leaves were still in a tight bud cluster and were not:

<

photosynthetically active. as shown by the lack of

radiocarb n recovered from thenm 3 hr after’ exposure But

increasin radioactivity and amounts of carbon recovered

a

from thi wtissue with time illustrates the translocation of

-

photosynthates from older leaves to current leaves Since

only’ photosynthates from the current seaaon.were tagged with
14 ‘ ‘ ' \

.C, no estimate of carbon cOntributions from storage areas

of the plant to'the production of current leaves ¢ould be ,
made. "
- .\

By early July, the buds had'openeddand leaves were
beginning'to expand\ The relatively high level of activity
in the leaves 3 hr after assim}lation indicates that they
were at least partially photOﬁbntneticelly active. However,
increasing activity and incre{sing percentages of carbon |
recovered from the leaves durfing the.nﬁ hr after expoeure
indicates tnat carbon was st llvbeing iqported‘from older

leaves. Current leavesluer thus making somebcontribution
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to their carbon budget - et ‘this time,. but this oontribution

"

uas conplenented with’ thag&from other tissues to meet high

demands of the rapid growth’\gAs the growing season
proaressed current leaves remained a sink for

photoassimilates as carbon‘@ﬁs used in the synthesis of

Structural material during continued elongation of. the

leaves. and in the developmentwof sclerOphylly once
expansion had been completed. The high level of tissue
activity 3 hr after assimilation indicates h&wever that

current leaves could meet most of their carbon demands

1nternally by early August W
d \JN\\..

,
Johnson snd'Tieszen'(1976) reportedﬂaecreasing
'.‘photosynthetic capacities in non-current leaves of

N - >

‘increasing age. The lack of maJor differences in

.radioactive concentrations in 1 yr and 3 yr l@%Ves 3 hv'
N \ K
'after assimilation suggests there ‘may have been nq

oifferences in photosynthetic rates between those ;;; -
'clasSes in this study. However. since some time had passed
”between assimilation and harvest tissue concentrations may
reflect reSpirational and translocational losses as well asg:
photosynthetio rates.
D ) ‘ _ . _ ‘ 8
Stens{ .both current and non-current, were a sink for

photosynthates throughout the growing season Carbon moved

rapidly to old" stem tissue after assimilation at a11 four

’
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_ssmplevexposures.f The amount of rediocarbon recovered

nleveled off after one week‘ suggesting that movement of

carbon to stems was largely completed within a short time

after photosynthesis Most of this translocated carbon was

‘likely used for radial growth of the old stems and

synthesized into cell structural material thst was no longer

transportable, as the relatively constant/values after one

week suggest; Slight increases in the amount of carbon

. recovered from old stems at the final harvests in late

August perhaps indicat:s that some’soluble narbohydrates

have been moved to this stem,tissue for storage overjwinter“ -

. 4

Though.current stems were never a large portion of

aboveground standing crop of L. galustre. or a - source of a

large percent%ge_of recovered radioearbon. they were a

strong sink'for photosynthates, particulsrly during their

period.of rapild grouth in July and August, Carbon was

translocated’to areas of current stem growth\%t all times}

during the growing season, but only small amounts were

~

committed to this'tissue when the carbon demand for leaf
growth was high, e.g. after the June 16 exposure The drop
/

in tissue activity after the July 7 exposure indicates that
1uC was probably being diluted by an influx of other.carbon'
uith continued grouth} However, the relativqu Slow drop in
-activity for the last portion of the growing season. when

active stem elongatton was still occurring, suggests thati
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~more  C was moving into the tissue from another®source, © - - -

-probablylleaves. countering the'dilutionveffect.

oo ' v

In.oontrast bthe two week rise in tissue activity after
'the August 2 exposure. marking an influx of 1"0' was
'followed by a rapid decrease near the end of the growing
season. indicating a lack of carbon flow into theftissue to
balince the dilution effect. ‘The stability of the amount of
radiocarbon recovered from current stems at this time
'_suggests‘that this drop was caused by the'dilution factor of
‘new carbon in rapid growth rather than an export from this
;tissue to. elsewhere in the plant whichuwould have caused a

: similar drop in activityu . . - | . ‘

Increasingly large amounts of carbon were committed to
reproductive efforts through the growing season, and after
each succeeding exposure period In June. when leaves were

strong sinks for carbon. allocation'to reproductive tissue

. Wwas initially slow, with significant amounts found in the

tissue only after one week had passed Later in the growing
season when leaves retained less photosynthate. movement of
carbon into reproductive tissue ocqurred most rapidly in the
first 48 hr after assimilation. The greatest translocation

to this tissue occurred in August,pwhen'fruits were maturing
and most»leaf growth had occurred, and current leaves were

exporting'carbon., Allocation of significant amounts . of

N | i‘" log

N
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carbon to reproductive effort came only after the
.requirements of old leaves had been met, and current leaves

had become photosynthetically competent

<

Though reproduction,via seed was a rare occurrence in
'ﬁﬂllmend 1978, nearly 40% of carbon fixed by L. palus$tre in

. early August was committed to reproduction. While the many

v

w&pd dispersed sSeeds m not become established in most
: \

Years on vegetated terrain, the annual production of many
seeds would be advantageous in those infrequent years when

. - .
conditions are proper for germination and seedling

establishment. ‘These conditions may occur when such

environmental parameters as temperature or moisture are:

N

adequate, or -when large arees of disturbed ground conducive

to seedling 1'¢ablishment develop through slumping of banks

‘and slopes.or frost action.

In a menner similar to.B. nana, L. Qalustre.also
'committed photosynthetes in August to the development of
Preformed vegetative and:fforal huds. Thiis, there was a
temoorel sebaration between, allocation of carbon to
production of current photosynthetic tissue in early season, !
and to the less immediate needs of the néxt year later in . f
‘the season. The deferral of carbon commitments to these
buds until after sink strengths of most . other tissues had

o
diminished minimized intercompartment cohpetition and, in
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‘effect. priorized the’ distribution of- the potentially
limited resources.

]

Vaccinium vitis-idaea

Patterns of carbon distribution to aboveground

compartments’of V. vitis idaea were very similar to the

~

other evergreen species L galustre. More photoassimilates

'were committed to photosynthetic tissue at all times of the

year in V. vitis-idaea than in L Ealustre. but this

reflected the high ratio of leaves to stems in the former
Host carbon assimiiated shortly after the breaking of
dormaney was used By and retained in overwintered leaves,
presunably for the rejuvenation of intracellular metabolic
and photosynthetic apparatus. Once these commitments had
been met, carbon was translocated from old leaves to such
developing §issues as current leaves and stems a:ughe demand
'arose. The gradual increases in the amounts of C

. recovered from these developing tissues as well as older-
stems indicates that carbon‘uas being transloca¢ed to then

over a period of time and not just‘in a short pulse after

assimilation.

Differences in allocation patterns were greater between

current and non-current tissue, botn stems and leaves, than

LN
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'with;n the different.ake classes of non—current tissue.

Thus. once a structure was mature. as marked by woodiness in
stems. or sclerophyllization in leaves.'carbon budgets were

similar among different age‘groups.

Howeyer, age of leaves may have affected photosynthetic
rates as noted by the slight decreases in radiocarbon tissue
concentrations 3 hr after exposure with increasing ‘age of
the 1lgaf. This decreased conCentration may also have been
caused by increased rates of translocation from the tissue
within the first 3 hr. qgflecting a less strong sink in
iaging leaves. Tieszen-et al. "(1974) reported 50% of‘initial

photosynthates were removed from Dupontia fisheri in as

little as 4.8 hr, suggesting that differences at 3 hr in V.

vitis-idaea may indeed be caused by differential rates of’

translocatibn rather than differential photosynthetic rates.
Recovery of radiocarbon and tissue activity in C
non-ourrent stem tissue increased with time after
assimilation, particularly after exposure in early August.
This late season'increase was greater than that observed in
L{'palustre.‘and represented'a strong flow of carbon to the
tissue at the time before onset of dormancy. Some of this
carbon accumulation can be accounted for by radial growth of
stems. with the sharp concentration rise accentuated by the

high ratio of current tissue to old tissue in these'old

-
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Stems of y. vitis—idaea. Yet a similar rise in all three

' age classes of nmon- current stems sugaests that much of this
‘carbon was placed in storage areas in the stem as well as
being used for radial growth. Higher eonoentrations of

" soluble carbohydrates in steu tissue of V vitia—idaea than N

in some other evergreen shrubs supports the eoncept of the -
'stem being a storage site for carbohydrates (Bannister

1980). Nitrogen budgets of L. galustre suggest 50% of N ° ,
storage occurrs,in Stems rather than leaves (F. S. Chapin

III, pers. oomm.);; If this pattern also occurred"tn v.

_vitis-idaea. it would also suggest substantial: organic

storage in stems(

Vaccinium vitis;idaea was the only species to have a

fleshy . fruit and movement of carbon to"this compartment
throughout the growing Season reflected its. development As
much as 50% of the recovered carbon from the August & |
exposure was in the developing fruit three weeks later; a
large commitmentarelatiuevto B. nana, but similar torkl
‘galustref. ' ' _d‘~

The increase in tissue activity in late August in
14
fruits exposed to C on’ June 16 indicates that this carbon
had been resident elsewhere in the plant for most of the_,

.growing season.'and only as the fruit began to mature was‘it

redistributed. Similar increases in plants exposed in early
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AAugust correspond well to decreases im non-current 1eaves at
that time. . J 5, . . ST - °

s . : S
. > )
V.
-

Vaccinium vitis—idaea. like B nana, and L g_lustre.

produced preformed floral and vegetative buds in late
v &
summer. ‘These buds were too small to easily separategand

analyze. and, thus, the lack of data is a reflection of
B technieal problems and not of an absence of production of

" h | -
prefofmed buds.* - o o - -
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. SYNTHESIS L

uvh The arctic tundra environment is generally considered

: P to have severe limitations for plant growth and development
'f: i c St
. LHany parameters of the physioal environment have been

\

‘Vdjﬂdescribed as limiting faotors in the growth and development

"'of tundra vascular plants. Low air and soil temperatures:

"

'”(31133 1956, 1966) limited radiation (Bliss 1971): , short

h‘- .

growing season (Lewis and Callaghan'1976) and low . levels of
N d“ ’

nutnients*fﬁhapin et al w3980b) all contribute to the

b_limited groductivity of the tundra ) e

;

A
: 7
. ‘

-

' Many areas of . the Low Arctic. nevertheless. are well
vegetated with both herbs and woody shrubs. and througb

time.lmany vascular plants have evolved ‘a wide range of
. ,' Jr . %

'adaptations and strategies for successful exploitation of
5

this environment Physiolcgical constraints associated with

different plant growth forms have been proposed as adaptive
.

""'modifications in this environment (Bliss 1962, Johnson and
V.Tieszen 1976 Shaver and Chapin 1980) : Sinee the vascular

'plant community studied Qt Parsons Lake was dominated by

-

’:dwarf shrubs of both deciduous and evergreen growth forms

':adaptations of each form appear to have survival value in

‘p_:this environment

E. L Te s L8

-'1hef?#r$°d8'Lakéféivdeeiﬁe'had'é short'groaing‘season

‘f'lv LR

P

-
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(90 100 - d) typical of tundra environments. Mean
itemperatures were higher ‘than- other low arctic sites

*(Dingman et ai; 1980‘zBarry et al..1981) perhaps as a

function. of the sSite's higher elevation. and the resulting

’

decrease in impact of coastal fogs. Air temperatures during

the-growing,season had a wide'range.‘with five day means as

o o .
‘high as’16.C, and as low as 3.5 c. June. July, and August
mean daily temperatures at 150 cm were 7.8, 11.5, and 11.1.C
o

respectively in 1977. and’ u 8, 12.6, and 8.1 C in 1978.
Shortwave radiation and’ precipitation showed similar
variability. Mean daily shortwave irradiance'at Parsons

Lake An June, July, and August reSpeotively was 23.0, 23.7
A —2 - 2 .
and 17.7 MJ m in’1977[ and;25.7. 26.1; 16.7 MJ m  in

19780 Accumulatedimeasureable precipitation over the same
three months was 130 mm in 1977 and 70 mm in 1978 'Degree;
v day data from the two years of the study, and from the ten
year period preceding the study also indicate ‘an environment

oo

,with large annual differences. From June to August, 960
o

degree days (0 C base) accumulated in 1977 and 771 in 1978

thile the 10 yr mean from 1970 to 1979 for the same period

at Inuvik was lO?&,degree deys.

The study site had a large amount of spatial as well as
temporal variability The soil of the study ‘area was. a

'fBrunisolic Turbic Cryosol which formed a hummock- trough

. surface topography typioal df the general,region (Tarnocaiv

/, . te - - I IS ar
Y B N .
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and Zoltai 1978). 'Huhﬁccks coasist;d bf'a‘cineralfmatrix
overlain by a thin organic iayer.b Trbughs were ectireif
corganic matter down to permafrost Nutrient contentsiof
‘-mineral and organic soil fractions were low.A ‘Late August
available nutrient levels in. trough organic material-'where;
;most rooting occurred were 0.5 pemd(¥>« 19 ppm (P), and 187
ppm (K). These levels.aere in tte general range of other
low arctic sites (Haag 197u McKendrick et al. 1978) tﬁough
levels of N were higher in the wetter Alaskan site of

- McKendrick et ail. (1978) f. T

The hummock and trOugh surface topography created a
wide range of soil temperatures, active layer depths, soil’

mcisture. and thicknesses of the soil organic layer Mean
- v . o o
June 1978 so0il temperatures’were 1.&“0 on hummocks and 0.7 C

in troughs. At the end of the growing:seaSOn in that year,

the active:layer was 56 cm on hummockS}and 44 cm in troughs.

The‘orgahic layerlon‘huhmock tops Qas geherally less thah 8
. o .

cm aad more than 50 em in troughs.

Use of this spatially diverse habitat by the three

“v .

species was also different, Although aboveground parts of

all three species uereareiatively uniformly distributed over

the surface, rooting patterns reflected the . surface

E '9/“ .- - . - -~ . -
e P A T T N @ P I L

variability. Betula nana and Ledum- palustre rooteil-~

»
‘,’ ) B

. pl"idna.l: 11y .1n the wal ster,ang’ coqler deep ‘organte material in
A - P N "‘ v . @ e I S . " Tt h !

P .

.- e vl e e s e

R
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.o

“"the inter-hummock troughs. Vaccinium vitis~idaea rooted.

both in this trough area and in the thin layer of organic
material overlying the mineral core of the hummocks
themselves. This'latter site was quicker to thaw in the

spring, and warmer during the growing season, but less

uniformly moist between precipitation.events:

Rooting depths of thﬁ?three species at Parsons Lake
. . . \ . - ! ~
were similar to those of dwarf shrubs at other arctic and

alpine tundra sites, Betula nana, L. palustre, and V.
: » ' “~ .
~vitis-idaea roots. were primarily ih the upper 10 cm of

organic material, above'mineral soil (Bliss 1956, Shaver and

Cutler 1979). Other dwarf shrubs like Salix pulchra and

Empetrum nigrum had similar rooting patterns while such

graminoid roots as those of Carex bigelowii often penetrated

over 40 cm (Bliss 1956) The roots of dwarf shrubs and
. graminoids in Mt. Washington alpine tundra had the same
pattern as at the aretic sites (Bliss 1966) . At Parsons

Lake. maximum rooting depths were, the _greatest in B. nana

and. the shallowest in.V. vitis-idaea.

The temporal variability present in the tundra

- .- T B N

environment was also nefleeted in growth rates and‘.vAﬂJ

L - .

production of tundra species._ Phenological stages of all

. a M - - o P L S PR -

' thfee species ‘Were initially retarded by ‘séveral ‘weeks 1nl*‘o i

_1978 when a cooler spring than average prevailed eompared
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difference in these eharacteristics was between the

,in which they grow

ﬁ K o209

to phenological development in 1977 when an average spring

occurred

vNet annual abovegrqund production at Parsons Leke for
: : -2 =1 . . L .
the three species were: B..nana, 31 g m yr -, L. Eéiustrg;
-2 -1 . . -2 =1

6 g m yr , and V. vitisJidaea; b gm yr . These .

oroduction levels were in the general range of those
reported in other low arctic production studiee (Wein and

Bliss 1972, Haag 1974, Shaver and Chapin 1980). Production

-of B, nana in the upland shrub community at Parsons Lake was

higher than in Erioghorum tussock communqties but

production of L. Ealust e and V. vitis-idaea at Parsons ‘Lake

was lower than at many tussock sites. .
Patterns of leaf and stem growth, biomass partitioning,
and carbon allocation varied among the three species and

among the two growth forms in this study. The largest o

deciduous shrub. g;'nana. and the evergreen shrubs, L.

palustre, and V. vitis-idaea. Each growth form exhibits a

distinctive strategy for carbon and energy usage under the

P - -

limiting parametera of low energy input short growing S

season and low nutrient supplies of the tundra environment .

»

TR
N e

The partitioning of ahoveground_biomaeé into tissue
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compartments was dirferent in the two growth forms, Stems‘

represented'a lajger portion. of biomass in B. nana‘(>7555

»

than in the ever reen apecies (L. galustre = 60!

vitis—idaea‘: 20%), while leaves were a much smaller

fraction in the deciduous shrnb (<25$).than tn the evergreen

shrubs L. palustre = 40%, V. vitis-idaea = 751)}
Reproductive tissue was lesszthan Sljof the. aboveground
biomass in all three specieelthroughOut the grominé séesone‘

The partitioning of biomass into the'various
’compartments wasbrelatirely constant over tne growing';eaeon
‘in the‘evergreenbshrube as new leaves gradually réplaceo
.absciseo oloer leaves. n eontrest to this even
.distribution, the leef and atem»eompartments of B. nana
'-'varieo widely with time, es”relatiVe'proportions changed
with development of leaf tissue each spring Additionally,
the ratio of net production to biomass was lower in the

evergreen species (L, palu%tre = .1u. V. vitis- idaea = ,135

than in B. nana (.29), indicating a slower biomass turnover
-in the former. These patterns of biomass partitioning in |
the three species at Parsons Lake are similar to tne
patterns of the species elsewhere in the Low Arctic and to
other dwarf shrub species in the same region: Northwest
Territories (Haag 1974), Alaska (Johnson and Tieszen 1976,

' Stoner et al. 1982), Finland aiﬂ Norway (Wielgolaski and

Kjelvik 1975).
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At the break of dormancy, 2; nana has no functionalu
‘photosynthetic ~apparatus. Within a relatively short growing
season ‘gl;gaga must develop a set of leaves which can
produce enough carbohydrate before they abscise in the fall
-~ to at leést equal the cost of production andfmaintenance'of
those Leaves and all other tissues in the plant ) After
snowmelt. leaf development from preformed buds was rapid
uithhfully,expanded leaves present~within_ohe to two weeks;
Leaf developmeat wasgprimarily synchronous? with only ;'~“
limitedynumber of leaves‘continuing to develop beyondgthe
’first several'weeks of the growing‘season.' This rapid
expansion creates functioning photosynthetic surfaces during
'that part of the year when solar radiation is at a maximum
and’ maximizes the photosynthetic life of the leaves, Though
the development of leaves was delayed by 10 to 14 d in 1978
due to a late, cool" spring. the general pattern of
development_was‘similar'in bogh yearsﬁand was the Same as
that observed by Johnson and Tieszen (1976) in Alaskan B,

Ledum palustre and:!. vitis-idaea began the growing
season with an ‘intact photosynthetic apparatus ahd”showed
no such rapid leaf flush after snowmelt as in B _hana.
Development of current leaves in the evergreen shrubs was
less rapid and asynchronous beginning several weeks after‘

leaf expansion in_g. nana. Although they also ekpanded from



‘ ..over much Uf the growing season. Leaves older than one year

ﬁ??éforﬁea bhds; &Eaf ﬂbvelobﬁeﬁt“coﬁtipuednto some degree
]

RV

"exhibitef well developed solerophylly.,and showed no’

» of the study than did B naﬂa.

significant growth after their first summer.-‘The evergreen

.shrubs. which begih leaf expansion in early July, shohed‘ T

:feuer differences in timing of phenophases 1n the two years.
. R

; current leaves differed in the-tuo growth forms .Betula'h‘

-

‘nana. without a’ curreht asstmllatory ‘sSource of.earbon..

'relied upon a. storage pool of carbohydrates elsewhere in the

plant for the initial dewelopmegt of the legyhs,'

e e e -~ o

the -

S SN
«

ne

Y

/’ s
LS ~te 2

“leaves were photosynthetically active.»a very rapi

occurrence (Johansson and’ Lin er 1974)", muehwof—the.csrbon7;.f

used in further structUra
from current photbassfmilates. The carbon assimilatqﬂ early
in the growing season leréely remained in the leaves qntil
leaf abScission; Once the leaf”tissue. and thus.the
photosynthetic apparatus, was well develooed in ée gggg.

carbon was exported to other regions of the plant undergoing

'growth,_ie.'stems. reproductive tissue, rhizomes and roots.

The one year old and older leaves of evergreen shrubs
q;d‘have photosyntﬁetic'eqﬁpetehcy after the break of

dormancy, but the'assimilates‘from these leaves did not

-

The source of carbon used 1n the deve10pment of"tﬁese:,?¥

- e,

S o wa

development of the leaves came ... ...,
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initially move tofnewly developing tissues. Host of the
early season assimilates remained in the old leaves where
‘they were probably used in the synthesis~of suoh»structures

‘as cellular membranes damaged or destroyed‘over winter -
f(Tieszen 1972 197“) Some of thgse early season

Carbohydrates were exported to current leaves and used in
{atheir deve10pment however | Export of early seasonl
‘assimilates to support growth of new tissue continued for
some time after assimilation. indicating that the old leavesf_
functioned as storage organs for qarbon in the first part of
the growing season! Thus.,carbon could be gained in that

part of the séhson when radiation input was at its peak, and

“then used later. when the potentiail for photosynthesis might

-.s"

Y reduced “Once erpansion of current leaves began carbon TR

';Eused for their continued development came both from their

-own photoassimilates as well as those imported, frOm older
leaves.. Non—current leaves play anPimportant role in the:
carbon and nutrient budgets of evergreen tundra plantse
These leaves have been proposed as storage sites for
carbohfdratesb(ﬂadley and Bliss 1964), and nutrients (Small
19725. and as‘a mechanism for assimilation«in years of

y

little or no production of new tissue (Chapin et al. 1980a

calculsted from Johnson and Tieszen 1976).

" The two growth forms thus had contrasting patterns of

carbon allbcation. Allocation in deciduous shrubs had two

\ - . . . -



general phases. ‘the fira§ consisting of carbon allocatlonfv
for leaf development and ﬁhe‘second for stem and
reproductive tissue,. 'Evergreen shrubs tended’to carrv.onh
}development of all three tissue types concomipantlv. Carbon
A‘wasncommitted to leaves.'stems. and reproductive tissues |

simultaneously. rather than separately These general
patterns are typical of shrub development reported elsewhere
in the Low Arctie (wein and Bliss 197& Haag 1974, Johnson

'_and Tieszen 1976, Chapin“et al. 1980a, Stonmer et al. 1982).
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. The higher 1eve1s of C recovered from B. nana leaves B

e AT

evergreen shrubs reflects the higher photosynthetic rates of

‘"deciduous shﬁubs (Johnson and Tieszen 1976 Limbach et al

' 1982). However. while B. nana had higher rates of
. 14
_phgtoaynthesis. the large amounts of ~C recovered from

non-current leaves of L palustre and V vitis—idaea in

mid-June..befare B nana leaves had fully expanded

111ustrates that these shrubs with evergreen leaves had a

.

longer season of carbon assimilation. Betula nana prodbced

no- photosynthates at this time because no leaves had yet‘”f,

“ A
. T o SR A

developed. '-V'I-'fbif'

In this upland tundra, deciduous shrubs as B. nana and
Salix SPp. generally form the canopy layer, while .such

evergreen shrubs as L. palustre and V. vitis~idaea forn £he



understory or sub—canopy. The - evergreen shrubs are thus

&

able to- begin photOsynthetic activity earlier in the growing
season. Lefore the canbpy leaves or B nana begin to shade

them. The evergreen leaves of L. palustre and V.

vitis idaea also presumably allow assimilation of

‘ photosynthates later in, the gnowihg season. after abscission

@ wt PO . g}

of the deciduous 1eaves in late August and 'early September.

Betula ‘nana, with a shorter period available for

)

photosynthe31s and a higher carbon cost associated with the

annual leaf carbon turnover,: benefits from its upperjcanopy

s

'fposition.- Once~leaves haVe'deVeloped in June. B. “nana

:,leaves have ‘the potential to photosynthesize at” higher rates

without shading from other species.

- - S GEPC . et

. o

»

Temperature appears to affect photosynthesis and growth
of evergreen and deciduous shrubs differently The

evergreen shrubs. y. vitis idaea and L. palustre subsp.

groenlandicum have lower optimum temperatures for

photosynthesis than does B. nana (Smith and Hadley 1974,
) Limbach et al, 1982) This ability to photosynthesize at -

“f Lower temperatures aILows the evergreen leaves to begin

'assimilating carbon in the cool period shortly after
«snowmelt This process is additionaly aided by the shalIow
root systems of the evergreen shrubs. which are concentrated

in that portion of the active layer which first develops.

. 215
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Later‘in_the growing season. when the canopy of B. nana

Av“shades many of the evergreen shrubs and potentially 1im1ts _

their leaf temperatures photosynthesis can still proceed at

near maximum . rates because of the ability of evergreen

Species to photosynthesize efficiently at. Lower _'

t ey *

Atemperathres. L e e .

PR TR

:Though'B nana has a higher Optimum temperature for
__photosynthesis than -the evergreen . shrubs, 1t may alao,

maintain a higher average leaf temperature. through

- oL

'interception of greater amounts of radiation than L

M e
[ P —

‘palust e and V vitis-idaea. The unshaded upper canopy

>

position of B. nana aids this interception.

RORL S e

The sensitivity of growth in B. nana to temperature in

the early part of the growing season was reflected in the

differential rate of leaf development on different parts of“'

-

'the Same plant Leaves near ‘the ground and in the warmer .
-boundary 1ayer developed earlier and more rapidly than did-

vthose in the cooler, upper portions of the plant.

N

v

General distribution patterns of carbon and energy

between aboveground and belowground compartments 1n tundra

Pplants is extremely dift‘icult to determi‘ne.f ahd few reports

.of such have appeared 'The large number of intertwined

b

underground stems and rhizomes make Separation of then
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tenuous at best . Both deciduous and evergreen shrubs appear
to have large portions of biomass belowground (Bliss 1971
Shaver and Billings 1975, Chapin et al. 1980a) in contrast
to many\high arctic subshrubs and herbs (Svoboda 1977, Bell

_and Bliss 1978). - ~ - - = - 6

- . o S
. - S O A . >

. These large“underground'biomass compartments may
provide increased surface area for nutrient absorption in

the nutrient deficient environment (Chapin et al. 1980b)

wo
~ -

- The contrast between biomass patterns in_lowy arcth and “hrigh ;f“'
arctic sites, both low nutrient.. situations. and evidenCe of |
" both accelerated and reduced root growth at low soil

temperatures (Shaver and Billings 1975 Bell and Bliss 1978)

make the sr”uation unclear. | . \

Information on carbon movement to and from the

u"dergm““d portions of the three. species is-not ‘generglly "~ -

- - e e v e

i‘available. but Chapin et al, (1978 -1980a)- reported"
different patterns of nutrient movement to and from these
;awcompartments in- evergreen L. gglustre -and- deciduous B igﬂg.
‘féarbohxdrate movement might be expected to be similar to"hk
. that of nutrients. The deciduous shrubs have strong
"nutrient and carbon sinks in aboveground?tissue'shortly‘:
'after snowmelt when rapid leaf growth 1s occurring

Howeverq at this time, the soil is largely frozen and

conditions for transloeation from undergr0und tissue are
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unfavorableij This. and changes in conoentrations of mobile
nutrients in stem tissue over time, led Chapin et al
(19803) to conclude that most storage was in abovegr0und.
stems, Leaf development of B. nana does not begin until the
top few cm of soil are unfrozen, an areas where many buried
stems oceur. The higtharbohydrate demands of rapid leaf
development in deciduous shrubs,maylalso be met by movenent
from these belowground or_shallowly buried stems.

, N
>Carbohydrate'demands in evergreen shrubs in early‘
Season are more easily met by the old leaves which, at'that
~time, rapidly gain. photosynthetic competence, and thus
potentially lessen the ' significance of unfavorable
conditions for translocation from underground tissues,‘ In
L. palustre, nutrients appear to be stored in situ in

overw1ntering leaves, QChapin 9t ale,1980a. Reader 1980) and

]

' carbohydrates may also be stored there (Hadley and - Bliss_
14 - -

>

1964, Reader 1978) Large amounts of c retained in both-

current and non current leaves of L. galustre at all times

An the growing season indicate that they may be important
) o R o
organs for "’ storage of photoassimilates “-In k,)vitis=idaea; .
- Th ‘
'retention of'largevamounts‘of ¢ In leaves and stems in-

this current study, and high levels of total nonstructural

{
carbohydrates in abovq;round cdompartments (Bannister 1980)
suggest that aboveground tissues in general may be important

storage sites for carbohydrates over winter Hith nutrients
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and carbohydrates stored aboveground their translocation
‘emight easily take place when 1arge amounts of underground

PR

'tissue were still frozen.

Though deciduous species must produce new leaves each
'”year.'the cost of. these leaves may differ from the cost of
y‘evergreen leaves. Because of the lower cost partially

'associated with the presence of few secondary chemical

compounds (Jung et . al. 1979) whioh are used as antiherbivore

_defenses in evergreen species (Rhoades and Cates 1976

. 'Batzli and Jung 1980 Chapin et al. 19808, Mooney and emlmon

-jT982) the initial cost df leaf development~in deciduous

- -

-species appears lower than for evergreen species (Miller and
A:. ;. s - ! . .
- .Stoner 1979) . RC o P

a

RN

The relative lack of antiherbiVOre defense compounds in

deciduous leaves relative to evergreen leaves is reflected

«

;in differences in herbivore damage observed in the two

Ay

;rowth fcrms during the study.' Hhile losses were low in- all

» three species. four peroent of leaf surface area in B nana.

-~

was lost to herbivores during the growing season. Nearly
‘all damage ‘was caused by inseots. Most shrubs are,y

‘snow-covered in winter and winter grazing appears minimal

A A
Photosynthetic surfaces of deciduous shrubs lost to '

_herbivores can be replaced during the growing season.
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'Although the pattern of Leaf development was basically

(Archer and gieszen 1980)., Because herbivbre 1osses-are&~-w

S ‘.

‘synchronous. some leaves continued to fonm relatively late‘

in the growing season, ’Dormant lateral buds may also

-

respond to defoliation by the production of new leaves

low, leaf longevity is short, and some replacement of losses

can occur, the cost of antiherbivore defenses to B. nana and

other deciduous shrubs may be greater than the actual carbon-.

— -

"losses to the plants.

='Carbon71058es from both L. palustre and V vitis-idaea

- to-to herbivores were very low during the study (estimated

to be under 15) . Both evergreen shrubs have large amounts

_;of defensive chemicals present in leaf tissue (Jung et al.

"1976) Because evergreen leaves are. usually present for‘f‘

7

more than one growing season,. additive annual losses of‘
photosynthetic surfaceﬁto herbivoreS'might'be sigq#ficant
without such defenses Thus; the carbon, ‘nutrient, ,and
energy cost of developing such defensive mechanisms may be
more effective for evergreen plants than for deciduous

species with an annual leaf carbon turnover.

In discussing.physioiogical strategies of evergreen and

<deciduousagrowth forms much attention has been paid to

-

and ieszen 1976) and the adaptive significance of the

raﬁes of carbon fixation (Johansson and Linder 1975. Johnson

EESC TR T P

20, -
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;rateal Cerbohydrete produotion mey not be ‘8 limiting factor

T

-, to plant growth in the Heckenzie Delte region of the Low

-

mfization or . herbivore.oaueed redugtion in‘phptosynthetic

faurface area may be lese important than other environmental

factors. -Most- tundra species have high levels of totel

s

nonetructurel carbohydrates throughout most of the growing

' Arctic, ‘and" such imp ediments to’ essimiletion as low rates of f

> gt % ""v?

'season (Hooney and Billings 1960, ‘Fonda and Bliss 1966 Haag

197“) Among the exceptions to this general pattern are

" ,6‘9; 5
cushion plants iq “Che High Arctic (Svoboda 1977)

e SR ane [ T - v

[ ( o
“‘.‘7‘> i ’

. L4

Chapin et -al,. (1980b) believed thet this carbon surplus

present in the plente may be a reeult of limitetions to

oerbohydrate.use ceyeed'by low nutrient auppliesﬂlrather

than being a funotionbof lowltemperature inhibitiﬁg
carbohydrate use as proposed by Warren Hileon (1966) and
Haag: (197“) " If such a nutrient'limitetion_to metabolism or
nse,of»nonetructnrei oerpohidratee'exiete.'then differences
in photoeinthetio.oapecity, carbon uptake rates;'or
reduotion of photosynthetic surfeoe area- may be less .
important to growth and primary production of- deeiduoUs and
evergreen plants than the nutrient regime in which t e
plants are groyingt '

Evergréens become increeeinnly import;ntvinfiow

nutrient habitats, both in temperete and erctionenvironmente
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.- (Loveless 196%, 1962, Monk 1966, -Small. 1975, Shaver and
.‘Chqpin_1980.,Shaver 1981). Most exffianations of this
phenomenon center around morebefficientvuse of limited-
v~nutrients by evergreens (Small 1975. Reader 1978)-. ° This
',interpretation suggests nitrogen retained by the- leaves and
'used for several years increases nutrient use efficiency. A
net positive benefit,relative to'the cost of nutrient‘
acquisition. leaf development and 1eaf‘maintenance is
attained by evergreens through long term“use of the
JnutrrentS‘atalowrphotosynthetic rﬁtes;rdthen than'in'one"
growing season at higher photosynthetic rates as for

deciduous species (Johnson and T¥eszen 1976).

However. Chapin etAal (1980a), using a different
method of calculating the nitrogen investment of a plant,
demonstrated similar carbon gains for ‘a unit of nutrient _a\\
invested in both t ggﬂg and L galustre ) They suggest that
the dominance of evergreens in low’ nutrient environments may
originate from lower annual nutrient requirements or reduced
nutrient losses from leaching and abscission rather than
through a relationship between photosynthetic rate andi
nutrient investment Though low: nutrient levels exist in.
the soils of the study area, and in siminr habitats in the
region (Haag 1974), both growth forms do well as indicated
by«the relatively,large standing crops’of both types,. ln’

this situation. neither growth formlappears to have a

’



»'iéffort six times greater in !. vitis-idaea than in L.

e - - . »
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“distinect advantage over the other.
Energy expended by all three species in total

reproductive effort was very high reiatiye to.reproductive

x

success. Only two seedlings. one eaqh‘of‘!Z'V1tislidHéaﬂéh6f

L. palustre were noted in the two years. Deciduous B. nana

committed the least energy to reproduction, while L.

palustre committed the greatest amount. In 6ontrast to_tﬁis

patterh. Chester and Shaver (1982) heborted ,a reproductive

- & e - . Rt L e C T, 4 g 6 em O . »

palustre in a central Alaskan‘cotton grass tundra commhnity.‘

‘However,.}p this studybat ParsonS Lake, the return on this

energy 1nyestment was equally low in both growth'fohms.

¢

These low rates of seedling establishment were in shafp

contrast to those at Eagle Creek, Alaska where séedliﬂg
. -2 ‘
densities were between 1.5 m in B. nana and V. .vitis-idaea

-2 , .
and 180 m* in L. palustre (McGraw and Shaver 1982).

Reproduction énd seedling qstablishment<have high heat,
requirements in tundra plants (Bliss 1971). ,Rebroductive
éuccess'of these plahts may thus reflect current -

environﬁental conditiohs. Betula nana, L.;Qalustre. and V.

’ vitis-idaea are all major understory components of the taiga

flora to the';outh. and were wellvestablshqﬂ in the Parsons
‘Lake region when a tree overstory existed between 8,500 and

4000 years ago (Ritchie and Hare 1971, Ritchie 1976, 1977).

223
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‘At that t}me when the plants occurred as understory shrubs v
and more moderate environmentaltconditions existed, the

success rate of sexual reproduction in the species may well

,,have been hdghepio.withlbhe Suhsequent cooTlng of the - ,,...'

climate.'treeline retreated to the south “but the ericaceous
‘and deciduous shrub understory remained (Ritchie and Hare

1971 Nichols 1976). A less significant advance and retreat

13

.....

~ then cooled (Blgpk and BliSA 1&8033. In those past times»oﬁ“~w - e

R P Do e o, s
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climatic amelioration. and under ‘an overstory canopy of

-

trees, sexual reproduction of ‘the three species may have

been more'frequently successful - The carbon cost of . the,~>'a-?' .
o .
reproductive effort would have resulted in a payback of

—

established seedlings.

‘ ) s
with the present cooler climate, sexual reproduction is

not frequently Successful, even though the effort in terms
of carbon allocation, is.still made.rvSucceséful seedling

~establshment may still’ occur at Parsons Lake in occasional

2
d;

-years when appropriate environmental conditions exist
\

Black and Bliss (1980) have demonstrated that seed

production and germination of Piceafmariana»along a»treeline

gradient to the south of the-present study. are 1n,part

limited By low temperatures. "Trees at treeline are 0g

longer reproqucing sexually as a result of a slight decrease
S .

'in recent summer temperatures. while trees ‘a ‘short way south

I
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along a temperature gradient uere reproducing successfully
A similar situation may exist yith the dwarf shrubs at<'

' Parsons Lake. Hith appropriate conditions. represented

-

perhaps by ‘a- year or series of years with a slightly warmer
'growing sbason. the shrubs might increase their reproductive'

success significantly..;'
.0
. The high rates of successful Seedling initiation among

. »Mtne three shrub speqies and successful establishment in L

. - .
e e TR NI «Z‘,..“u ..... . w tec e M S JUR > L

palustr reported by McGraw and Shaver (1982) reflect some T
of their reproductive potential under warmer conditions.

The retention of annual commitments of carbon to- a currently

n
- ‘ - --‘\. - v,

nonproductive compartment would thus. bemadvantageous ina . "

LS TN NS

region where either a long term climatic cycling or. short

o o

‘ﬂterm.fluctuatioﬁs would again present environmental

- . .
.o < T o B —

'conditions appropriate to seed germination and weedling I

_establishment S S : . e

. R s
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. Few studies are available regarding seed banks or the
viability of buried seeds ‘for arctic or subarctic species,
John&on 19759 reported that'while seeds of many. species
including Betula:spp. and V vitis—idaea. from a subarcticﬁ

. . . L
"% R eas o N

forest were commonly present in the soilwamost seeds were

Mot viable. Seeds collected from plants at maturity.g

houever. have had greater degrees of viability and

_germination, Seeds’of V. yitis—idaea-oollected in the - -



g

>

_mgi -

w,boreal fo?esﬁ had*>7&$ getmination (Hall and %hqy ]981)

*’.,,‘s e

e

-

.

S

.persg comm.).; Bliss (1958) reported germination rates of B.

>

NE IS0k

- . /i ..i‘m AT T W
one year. Seeds ofnL.»ggluere {rom,the Parsdhs Lake area

had >90$ germination six months after harvest ?E Karlin}‘;'l'“f”'

<

nana seeds at >50$ Thus. these shrub species produce

viable seeds which germinate freely under the appropriate'
w

conditions.,?

. o ~

The low number of seedlings found in most - field

studdes; thereﬁore.ﬂi% noﬁ the réSdlt bf few viable seeds-';r~

LR S T

jbeing produced. The rapid decline in viability of seeds

with time reported by Hall and ‘Shay (1981) and the low

number of viable Seeds "in, buried seed” banks (Johnson 1975) o Lﬂf

P,

4

suggest that an apprOpriate seedbed and proper environmental'

conditions for germination must very shortly follow a’

. -

growing season in which a supply of viable seeds is produced -

Y

if seedling establishment is to occur.

'The reestablishment of the three species after natural

- or man-caused disturbances depends on. either sexual

treproduction via seedling establishment or asexual

”repnoduction via rhizomes or root sprouting. A disturbed

surface with recolonization potential can résult from‘

natural phenomena as the slumping of soil associated with

’

nmelting of permafrost or the removal’ of vegetation by fire.,



. "o .
. " v e PR . PP - o

'.Disturbed surfaces may also result from such manqindueed

o .....,,“
e
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w‘changes as. development of seTsmio lines andrwinter roads,@y”,Aa~4:

o

BN

“:lhe method for reestablishment used by the three speeies f*

Sha

-probably depends on external conditions relating to ‘the

environment and on the nature and frequency ‘of - the original
. [

disturbance.

—

’

Tundra fires commonly occur (Lutz 1956, MacKay 1970)

though their frequency and extent are diffioult to

.establish. With the cool summer temperatures of the arctic

“

and a low fuel load relative to temperate forests fires":

_intense enough to killvall plant roots and rhizomes may be.f

_infrequent (Hein and Bliss 1972).  Such fires probably do

. deecur: when conditions -are’ very dry and the organic material
in inter hummock troughs can easily burn,--thus; destroying
roots and rhizomes that are established there. Shrub
species in burned areas show rapid and extensive sprouting
from the roots and rhizomes which are not killed during a
fire-(Wein and Bliss 1972, Black and Bliss51982). . Ledum
vgalustre particularly reestablisnes uell by'sprouting after

fire (Wein 'and Bliss 1973),

Reestablishment of dwarf shrubs after man- induced
physical disruption is frequently similar to that after
fire. The creation of seismic lined and winter roads tends

to. shear off the stems of the shrubs near ground level,

e

A es s .



leaving belouground parts relatively undisturbed (Hernandez‘

~

1973L > Betula mana. 5. galustre. and V vitis idaea all

- : ; .

exhibit thewablimy to succes&fully»reestablish on such
.disturbed ground via sprouting frnm thé undisturbed J:li;i
undergrbund-parts (Bliss and Wein 1972, Hernandez 1973L Sims
'and Steward 1981) ‘-The rate and degree.of recolonization
depends on many factors, including the type of disturbance
and its frequency and duration
:Shrub recolonization of disturbed,areasuby"seeds

appears to be-less common,than by vegetative means.

\nGermination of dicot seeds on bare. disturbed tundra is poor

- -

(Chester and Shaver 1982) Thus. reestablishment of the
,shrubs on these disturbed'arcas, particularly when no

belqyground organs exist as in a recently slumped area. or -~

» ,v"‘
Ao om

after an intense fire. may not occur immediately. Instead,
the site may first be colonized by graminoids ln contrast
to dicots, graimoid seeds do germinate and seedlings do
become established on bare tundra soil (Chester and Shaver
.1982)

-

Both evergreen and deciduous growth forms are
successful exploiters of the Mackenzie Delta uplands The
‘dominance of B. nana in the study area indicates that the

carbon and nutrient demands of .an annual leaf turnover are

able to be met by the plant in this environment. Mooney and
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Gulmon (1982) ﬁave suggested that the net benefit of a’ Ieaf
to ‘a plant can be considered as a function of the ‘rate- of

L X

”carbon gain, times the period of that gain. mrnus the cost

Bl

of growth‘and maintenance of the leaf -.minus- IOSses to
herbivores. Relative to the evergreen shrubs.‘the period of
fcarbon gain for B> nana 1% short; limited to a single
growing- season. Houeyer this short growing season is
offset by a much higher potential for carbon gain.
represented by a higher photosynthetic capacity, than that
of evergreen species (Johansson and Linder 1975, Johnson and
Tieszen 1976,.Limbach et al. 1982). Thus,. though the carbon
gain period may be short sufficient amounts of carbon can

be fixed” during the life of the leaf because of higher

photosynthetic rates.

'Everéreen‘spebies become increasinély impor&ant with
increasing latitude (Bliss 19815.' ln the High A;ctic.
nearly all. herb and shrub species are either émergreen or ‘
wintergreen. In the Low Arctic. where deciduous shrubs are ‘
“common}'the cost of rapid biomass turnover resulting from
annual leaf abscission can be met by the plants The /
de;fduous shrubs maintain a comparatively high rate of - T
photosynthesis when air temperatures and radiation
intensities are sufficient. | Soils in these lower latitude

~regions thaw early and rapidly. allowing translocation of:

water, nutrients, and carboliydrates to the developing -
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Jleaves. . .
- ‘ - ) ) . -
With increasing ‘latitude, and the associated lower air

‘temperatures, ’shorter growing season. and shallower and more

'Aslowly developing active layer, - evergreen species are

. a
‘favored- No translocation of nutriente or carbohydratea is

needed 1mn‘diate1y for production of new pEptosynthetic j
tissue in these species, since photosynthetic tissue is
already present at snowmelt in the form of over-wintered
- evergreen leaves. 1In this shorter and cooler growing

Season, the high carbon turnover of déciduous shrubs appears

less adaptive.
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